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TOLEDO P.T.A. Sintese de trimetafosfato de calcio e seu efeito contra a erosao
inicial, energia livre da superficie do esmalte e desenvolvimento de nova membrana
para engenharia de tecidos periodontais: estudo in vitro. 136 f. Tese (Doutorado em
Ciéncias, area de concentragdo Saude Bucal da Crianga) — Faculdade de

Odontologia, Universidade Estadual Paulista, Aragatuba, 2024.

Resumo Geral

O trabalho de tese foi dividido em 2 capitulos. O primeiro capitulo teve como
objetivo sintetizar ciclotrifosfato (TMP) com substituicdo total do soédio pelo calcio
(Ca?*), avaliar in vitro a energia livre de superficie (ys) e o efeito na inibigdo da leséo
erosiva inicial do esmalte. O segundo capitulo visou criar e avaliar nanofibras
biodegradaveis a base de polimeros, contendo distintas concentragcbes de
trimetafosfato de calcio (CaTMP) para engenharia de tecidos periodontais. No
primeiro capitulo, ciclotrifosfatos com substituicdo total do sodio pelo calcio foram
sintetizados e este biomaterial foi caracterizado morfologicamente por espectroscopia
de raios X por energia dispersiva (EDS) e microscopia eletrénica de varredura (MEV).
Avaliou-se a energia livre de superficie através de um goniébmetro utilizando trés
liquidos sonda: agua deionizada, diiodometano e etilenoglicol. Blocos de esmalte
bovino (4 x 4 mm) foram distribuidos aleatoriamente de acordo com a média de dureza
de superficie (SH) do total de blocos e o intervalo de confianga entre 7 grupos de
dentifricios experimentais contendo 1% dos compostos: 100%NaTMP/0%CaTMP
(NaTMP); 80%NaTMP/20%CaTMP (20CaTMP); 50%NaTMP/50%CaTMP
(50CaTMP);  20%NaTMP/80%CaTMP  (80CaTMP); 100%CaTMP/0%NaTMP
(CaTMP). Como controle negativo, foi utilizado um dentifricio placebo e, como
controle positivo, um dentifricio com 1100 ppm de F (NaF, Merck, CAS 7681-49-4,
Alemanha). Para analise do efeito protetor, os blocos de esmalte higidos foram
imersos em solugédo de dentifricios com saliva humana por 2 horas (sob agitacéo),
seguidos por 4 desafios erosivos (acido citrico, 0,75%, pH 3,5, por 1 minuto, sob
agitacdo). A porcentagem de variagao da dureza superficial (%SH) foi calculada ap6s
o tratamento e os desafios acidos de 1, 2, 3 e 4 minutos. Além disso, os precipitados
foram analisados por MEV. As variaveis foram submetidas a analise de variancia de



medidas repetidas a dois critérios, seguida pelo teste de Student-Newman-Keuls
(p<0,05). No segundo capitulo, solugdes de poli(éster ureia) (PEU) (5% p/v) contendo
Ca-TMP (15%, 30%, 45% p/p) foram eletrofiadas em estruturas fibrosas. As fibras
foram avaliadas por MEV, EDS, analise termogravimétrica (TGA), espectroscopia de
infravermelho por transformada de Fourier (FTIR), difragdo de raios-X (DRX) e
ensaios mecanicos. A taxa de degradacao, a taxa de inchacgo e a liberagao de calcio
também foram avaliadas. A interacdo célula/CaTMP e célula/scaffold foi avaliada
usando células-tronco de dentes deciduos esfoliados humanos (SHEDs) para
viabilidade celular, adesdo e atividade de fosfatase alcalina (ALP). Analise de
variancia (ANOVA) e testes post-hoc (a = 0,05) foram utilizados. Assim, o primeiro
capitulo concluiu que o dentifricio contendo CaTMP apresentou o maior efeito protetor
em comparagdo aos outros grupos (p < 0,001). O efeito protetor foi
100%CaTMP/0%NaTMP > 20%NaTMP/80%CaTMP > 50%NaTMP/50%CaTMP >
80%NaTMP/20%CaTMP > 1100 ppm F > 100%NaTMP/0%CaTMP > placebo (p <
0.05). Todos os grupos formaram precipitados com camadas mais espessas ao
utilizar qualquer concentragdo de CaTMP. Quanto maior a percentagem de CaTMP
nos grupos, maior foi a adsor¢gdo de CaTMP e mais sitios doadores de elétrons na
superficie do esmalte foram alcangados. No segundo capitulo, as membranas
baseadas em PEU e PEU/CaTMP apresentaram diametros de fibra de 469 nm e 414—
672 nm, respectivamente. A caracterizagdo quimica atestou a incorporagao de
CaTMP nas fibras. A adicdo de CaTMP resultou em maior estabilidade de degradacéo
e menor variagao dimensional do que as fibras de PEU puras; no entanto, foram
observadas caracteristicas mecéanicas semelhantes. O calcio minimo foi liberado
ap6s 21 dias de incubagcdo em solugcdo enriquecida com lipase. Os extratos de
CaTMP aumentaram a viabilidade celular e a atividade de ALP, embora ndo tenham
sido encontradas diferencas significativas entre os grupos de suporte. No geral,
concluiu-se que os dentifricios contendo CaTMP tém um efeito protetor superior na
reducdo das lesdes erosivas iniciais do esmalte e que o CaTMP foi efetivamente
incorporado nas fibras de PEU, melhorando a estabilidade da membrana sem
comprometer as propriedades morfolégicas e sem promover fungdo celular

significativa.

Palavras-chaves: Esmalte dentario, Fosfatos, Desmineralizagdo, Dentifricios,

Engenharia Tecidual, Nanofibras.



TOLEDO P.T.A. Synthesis of calcium trimetaphosphate and its effect against initial
erosion, enamel surface free energy, and development of a new membrane for
periodontal tissue engineering: an in vitro study. 136 f. Tese (Doutorado em Ciéncias,
area de concentragdo Saude Bucal da Crianga) — Faculdade de Odontologia,
Universidade Estadual Paulista, Aragatuba, 2024.

General Abstract

The thesis work was divided into 2 chapters. The first chapter aimed to synthesize
cyclotriphosphate (TMP) with complete substitution of sodium by calcium (Ca?*), to
evaluate in vitro the surface free energy (ys) and the effect on inhibiting the initial
erosive lesion of the enamel. The second chapter aimed to create and evaluate
biodegradable nanofibers based on polymers containing different concentrations of
calcium trimetaphosphate (CaTMP) for periodontal tissue engineering. In the first
chapter, cyclotriphosphates with total substitution of sodium by calcium were
synthesized, and this biomaterial was morphologically characterized by dispersive X-
ray spectroscopy (EDS) and scanning electron microscopy (SEM). The surface free
energy was evaluated using a goniometer with three probe liquids: deionized water,
diiodomethane, and ethylene glycol. Bovine enamel blocks (4 x 4 mm) were randomly
distributed according to the average surface hardness (SH) of all blocks and the
confidence interval among 7 experimental toothpaste groups containing 1% of the
compounds: 100%NaTMP/0%CaTMP (NaTMP); 80%NaTMP/20%CaTMP
(20CaTMP);  50%NaTMP/50%CaTMP  (50CaTMP); 20%NaTMP/80%CaTMP
(80CaTMP); 100%CaTMP/0%NaTMP (CaTMP). As a negative control, a placebo
toothpaste was used, and as a positive control, a toothpaste with 1100 ppm F (NaF,
Merck, CAS 7681-49-4, Germany) was used. For the analysis of the protective effect,
the sound enamel blocks were immersed in a solution of toothpastes with human
saliva once for 2 hours (under agitation), followed by 4 erosive challenges (citric acid,
0.75%, pH 3.5, for 1 minute, under agitation). The percentage of surface hardness
variation (%SH) was calculated after the treatment and the acid challenges of 1, 2, 3,
and 4 minutes. Additionally, the precipitates were analyzed by SEM. The variables
were subjected to two-way repeated measures analysis of variance, followed by the
Student-Newman-Keuls test (p<0.05). In the second chapter, solutions of poly(ester



urea) (PEU) (5% w/v) containing Ca-TMP (15%, 30%, 45% w/w) were electrospun into
fibrous structures. The fibers were evaluated by SEM, EDS, thermogravimetric
analysis (TGA), Fourier-transform infrared spectroscopy (FTIR), X-ray diffraction
(XRD), and mechanical tests. The degradation rate, swelling rate, and calcium release
were also evaluated. The cell/CaTMP and cell/scaffold interaction were assessed
using human exfoliated deciduous teeth stem cells (SHEDs) for cell viability, adhesion,
and alkaline phosphatase activity (ALP). Analysis of variance (ANOVA) and post-hoc
tests (a = 0.05) were used. Thus, the first chapter concluded that the toothpaste
containing CaTMP showed the highest protective effect compared to the other groups
(p < 0.001). The protective effect was ranked as follows: 100%CaTMP/0%NaTMP >
20%NaTMP/80%CaTMP > 50%NaTMP/50%CaTMP > 80%NaTMP/20%CaTMP >
1100 ppm F > 100%NaTMP/0%CaTMP > placebo (p < 0.05). All groups formed
precipitates with thicker layers when using any concentration of CaTMP. The higher
the percentage of CaTMP in the groups, the greater the adsorption of CaTMP and
more electron donor sites on the enamel surface were achieved. In the second
chapter, the membranes based on PEU and PEU/CaTMP presented fiber diameters
of 469 nm and 414-672 nm, respectively. Chemical characterization confirmed the
incorporation of CaTMP into the fibers. The addition of CaTMP resulted in greater
degradation stability and less dimensional variation than pure PEU fibers; however,
similar mechanical properties were observed. Minimal calcium was released after 21
days of incubation in a lipase-enriched solution. The CaTMP extracts increased cell
viability and ALP activity, although no significant differences were found between the
support groups. Overall, it was concluded that toothpastes containing CaTMP have a
superior protective effect in reducing initial erosive enamel lesions and that CaTMP
was effectively incorporated into PEU fibers, improving the stability of the membrane
without compromising morphological properties and without promoting significant

cellular function.

Keywords: Tooth enamel, Phosphates, Demineralization, Dentifrices, Tissue

Engineering, Nanofibers.
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INTRODUGAO GERAL

A erosdo dentaria € caracterizada pela perda quimica da substancia mineral
do dente, causada pela exposi¢cdo a acidos nao derivados de bactérias orais. O
desgaste dentario erosivo, por sua vez, abrange a perda gradual da superficie
mineralizada do dente devido a varios fatores fisicos ou quimiofisicos, incluindo
erosdo dentaria, atrito e abrasdo (Jadeja et al., 2023; Schlueter et al., 2020). O
desgaste erosivo dos dentes é cada vez mais reconhecido como uma condi¢céo
comum na clinica dentaria, com prevaléncia relatada variando entre 30 a 50% nos
dentes deciduos e 20 a 45% nos dentes permanentes (Lussi et al., 2019). Portanto,
€ necessario estabelecer abordagens preventivas e terapéuticas efetivas, focadas na
etiopatogenicidade da lesdo. As medidas preventivas devem comegar precocemente
e envolver medidas causais, como orientagdes dietéticas, para reduzir a frequéncia e
a severidade dos desafios erosivos (Magalhaes et al., 2009; Buzalaf et al., 2012).

Estudos recentes mostraram que o trimetafosfato de sédio (NaTMP) reduz a
erosdo das estruturas dentarias quando associado ao fluoreto (200 a 1100 ppm F)
(de Toledo PTA et al., 2022; Cruz et al., 2015; Danelon et al., 2018). A literatura indica
que grupos anibénicos, a partir de fosfatos lineares, tém a capacidade de atrair ions
calcio, atuando como agentes nucleadores de cristais de apatita (Li e Chang, 2008;
Leone et al., 2008). Os fosfatos sdo geralmente classificados como ciclofosfatos,
polifosfatos ou fosfatos inorganicos ramificados. Os polifosfatos tém a formula geral
Mn+2)PnO(3n+1), com os ions fosforo dispostos em cadeias lineares. Esses fosfatos sao
nomeados de acordo com a quantidade de fosforos, como por exemplo, tripolifosfatos
e tetrapolifosfatos, embora o mono- e difosfatos ainda sejam chamados de ortofosfato
e pirofosfato, respectivamente. Os ciclofosfatos (chamados de metafosfatos) tém a
composic¢ao representada pela férmula (MPO3)" (Greenfield & Clift, 1975; Kulaev et
al., 2005). Até recentemente, apenas o ciclotrifosfato (trimetafosfato de sédio — TMP)
e o ciclohexafosfato (hexametafosfato de sédio - HMP) foram empregados em
processos de mineralizagao (Schroder & Muller, 1999; Kulaev et al., 2005).

A adicao de fosfato ciclico a produtos fluoretados, como o NaTMP, demonstra
que é possivel aumentar o potencial anti-erosivo (de Toledo PTA et al., 2022; Danelon
et al., 2018), pois o NaTMP atuaria bloqueando a difus&o de acido, reduzindo assim
o amolecimento do esmalte em profundidade (Danelon et al., 2018). Entretanto,

nenhum estudo analisou se a substituicdo do sdédio pelo calcio na molécula do TMP
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resultaria em um composto com maior atividade contra a erosdo dentaria e uma maior
energia livre de superficie, sem a necessidade de associacdo com fluoreto. Além
disso, o TMP é um fosfato inorganico ciclico e esta presente nos fosfolipidios, o que
pode resultar em interagdes diferenciadas com a superficie do esmalte. Considerando
que o NaTMP e o CaTMP podem apresentar diferentes interagdes com a superficie
do esmalte, é essencial avaliar suas interagdes em um ambiente rico em Ca?* e PO43"
(simulando o ambiente salivar) para corroborar as evidéncias cientificas que
sustentam as hipoteses levantadas. Ademais, sabe-se que as propriedades
superficiais de um substrato e sua interacdo com o meio podem ser analisadas
utilizando a energia livre de superficie (ys) (Neves et al., 2018).

Ao contrario dos produtos exclusivamente fluoretados, que apresentam um
efeito restrito a superficie, os ciclofosfatos também reduzem a perda mineral no
interior do esmalte (Takeshita et al., 2011). A acdo do TMP na protecédo da
hidroxiapatita (HA) ainda ndo esta completamente compreendida, mas os resultados
sugerem que o mecanismo esta relacionado a adsor¢do do TMP na superficie do
esmalte (Gonzalez et al., 1973; van Dijk et al., 1980), o que resulta em uma reducéo
da troca iGnica entre o esmalte e o meio bucal. O TMP se liga aos sitios de grupos
hidroxila da HA (Delbem et al., 2014; Amaral et al., 2018), diminuindo a perda de
calcio e promovendo a cristalinidade da HA. A adsorcéo de TMP ¢ influenciada pela
presenga de fluoreto, ja que o aumento de sua concentragdo no meio reduz a
adsorgao do TMP na HA, sugerindo uma competi¢cédo entre o fluoreto e o TMP pelo
mesmo sitio de ligacdo na HA (Amaral et al., 2018). Portanto, a propor¢ao molar
TMP:F é crucial tanto na perda mineral do esmalte (Takeshita et al., 2009; Takeshita
et al., 2011; Manarelli et al., 2011; Favretto et al., 2013; Souza et al., 2013; Amaral et
al., 2018), quanto na formagdo de fluoreto de calcio no esmalte. Esse efeito é
importante para o controle do processo de carie dentaria, pois a agao anticarie dos
produtos fluoretados esta associada a deposic¢ao de fluoreto de calcio no esmalte e
sua dissolucéo durante os desafios cariogénicos (Magalhaes et al., 2009; Delbem et
al., 2010). A associacdo TMP/F aumenta a deposigéao de fluoreto fracamente ligado
(fluoreto de calcio) a HA e diminui o fluoreto fortemente ligado a HA (Delbem et al.,
2014; Amaral et al., 2018).

De acordo com um estudo recente, o trimetafosfato de sodio (NaTMP) bloqueia
a difus&o de acido, reduzindo o amolecimento do esmalte em profundidade (Danelon
et al., 2018). Paralelamente, o NaTMP tem sido amplamente utilizado por sua
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capacidade de melhorar as propriedades biolégicas e mecanicas dos polimeros e
pelos efeitos positivos do calcio na mineralizagdo o0ssea (Joglekar et al., 2020). A
substituicdo dos ions sédio por ions calcio poderia gerar um composto que combine
as propriedades benéficas de ambos, TMP e calcio, nos processos de mineralizagao.
O NaTMP atua como um reticulador eficaz e ndo apresenta toxicidade em nenhuma
concentracdo testada (Chaouat et al., 2008), além de potencializar locais de
nucleagéo para a precipitagao de apatita com fosfato de calcio (Favretto et al., 2018),
resultando em uma superficie mais anidnica (Oliveira et al., 2022; Nalin et al., 2021).
Considerando a capacidade do NaTMP de melhorar as propriedades biologicas e
mecanicas dos polimeros e os efeitos do calcio na mineralizagao éssea, a substituicao
dos ions sédio por ions calcio poderia criar um composto inovador para 0s processos
de mineralizagdo. Portanto, seria relevante sintetizar o trimetafosfato de calcio para
avaliar o impacto desta substituicio no NaTMP em relacdo a erosdo inicial do
esmalte, a energia livre de superficie e nas estruturas nanofibrosas de PEU,
permitindo investigar as propriedades mecanicas e bioldgicas dessas estruturas para

a engenharia de tecidos periodontais.

Os resultados dos dois subprojetos estdo apresentados na forma de dois
capitulos:

Capitulo 1. Protective Potential of Calcium Cyclotriphosphate-Based
Toothpaste Against Dental Enamel Erosion and Its Impact on Surface Free Energy.
Artigo sendo preparado para publicagdo no periddico Journal of the Mechanical

Behavior of Biomedical Materials.

Capitulo 2. Calcium Trimetaphosphate-Loaded Electrospun Poly(Ester Urea)
Nanofibers for Periodontal Tissue Engineering. Artigo publicado na revista Journal
Functional Biomaterials. 2023 Jun 30;14(7):350. doi: 10.3390/jfb14070350.
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Abstract

This in vitro study aimed the synthesize and characterize cyclotriphosphate (NaTMP)
with a total replacement of sodium by calcium (CaTMP) and to assess its effect on
initial erosion and surface free energy of dental enamel. CaTMP was synthesized and
morphologically characterized using energy-dispersive X-ray spectroscopy (EDS) and
scanning electron microscopy (SEM). Enamel blocks (n = 182) were randomly
allocated to seven groups of experimental toothpastes containing 1% of the
compounds: 100%NaTMP/0%CaTMP; 80%NaTMP/20%CaTMP;
50%NaTMP/50%CaTMP;  20%NaTMP/80%CaTMP; 100%CaTMP/0%NaTMP;
Placebo; and 1100 ppm F. The blocks were immersed in human saliva for 2 hours and
then in a toothpaste slurry for 2 minutes. Subsequently, they underwent four erosive
challenges in citric acid (0.75%, pH 3.5), each challenge lasting 1 minute. The surface
hardness of the blocks was determined after treatment and after the four erosive
challenges. The surface free energy (mN/m) was calculated after toothpaste
treatment. In addition, the precipitates were analyzed by SEM. The percentage of
surface hardness (%SH) was assessed with a two-way ANOVA and Tukey test
(p<0.05). Surface and interaction free energy were analyzed with a one-way ANOVA
and Student-Newman-Keuls test (p<0.05). Toothpastes containing CaTMP showed
the greatest protective effect compared to the other groups (p<0.05). The higher the
percentage of CaTMP in the solutions, the greater the CaTMP adsorption and more
electron-donor sites were observed. All groups formed precipitates with a thicker layer
when using CaTMP concentrations. It was concluded that toothpastes containing
CaTMP demonstrated a superior protective effect on initial erosive lesions and

promoted more electron-donor sites on the enamel surface.

Keywords: Dental Enamel, Phosphates, Tooth Erosion, Toothpastes
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1. Introduction

Dental erosion is characterized by the chemical loss of the tooth's mineral
substance due to exposure to acids not derived from oral bacteria, whereas erosive
tooth wear encompasses the gradual loss of the mineralized tooth surface due to
various physical or chemo physical factors, including dental erosion, attrition, and
abrasion (Jadeja et al., 2023; Schlueter et al., 2020). Erosive tooth wear is increasingly
recognized as a common condition in dental clinics, with reported prevalence ranging
from 30 to 50% in primary teeth and 20 to 45% in permanent teeth (Lussi et al., 2019),
particularly exacerbated when associated with gastroesophageal reflux disease
(Chatzidimitriou et al., 2023). Advanced stages of erosive tooth wear can compromise
both aesthetics and function, significantly impacting the patient's quality of life
(Srivastava, 2023). Dental erosion remains a significant concern, necessitating
thorough investigation into its causes, effective prevention strategies, and appropriate
treatment protocols.

Fluoride (F) has been utilized as both a preventive and therapeutic measure in
managing dental erosion (Inchingolo et al., 2023). Although F may have a protective
effect in conditions where erosive factors are not excessive (Né et al., 2022), some
studies have shown a limited effect of toothpastes containing at least 1000 ppm F on
eroded dental substrates (West et al., 2017; Ganss et al., 2011; Magalhaes et al.,
2007). In this context, various treatment protocols involving fluoride compounds have
been implemented to encourage the formation of a mineral precipitation layer in
eroded lesions (Né et al., 2022; West et al., 2021). Among potential therapeutic
options, the efficacy of other remineralizing agents, such as phosphate salts, in
managing dental erosion has been investigated (Luka et al., 2023; de Toledo et al.,
2022; Danelon et al., 2018; Carvalho et al., 2015).

Among the various phosphate salts, sodium trimetaphosphate (NaTMP), a
cyclic polyphosphate, has exhibited promising properties, including strong adsorption
onto dental substrates (Nunes et al., 2022; Emerenciano et al., 2018), the capability
to reduce H* diffusion and enhance calcium and phosphate diffusion (Emerenciano et
al., 2018; Amaral et al., 2018), and the ability to bind to OH™ groups (Nalin et al., 2021,
Amaral et al., 2018). Furthermore, studies have demonstrated that NaTMP reduces
the erosion of dental structures when associated with fluoride (200 to 1100 ppm F)
(Paiva et al., 2023; de Toledo et al., 2022; Danelon et al., 2018; Cruz et al., 2015).
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Research indicates that anionic groups from linear phosphates can attract calcium
ions, serving as nucleating agents for apatite crystals (Nalin et al., 2021; Amaral et al.,
2018).

It is understood that the efficacy of NaTMP relies on its combination with
fluoride (Nunes et al., 2022; Danelon et al., 2018). While recent studies have explored
the remineralizing effects and anti-erosive potential of NaTMP in fluoride products,
none have analyzed the chemical substitution of sodium ions with calcium ions in the
TMP molecule (CaTMP). Such an electrostatic alteration could potentially yield a
compound that combines the characteristics of both ions, potentially enhancing its
anti-erosive capacity and enabling its use without the need for co-administration with
fluoride. Moreover, studying the interactions and chemical bonds between CaTMP and
the enamel surface through surface free energy can help to better understand the
mechanisms that involve the effects of CaTMP in the initial erosion of enamel.

Meanwhile, NaTMP has been widely used due to its ability to enhance the
reduction of enamel solubility, indicating an affinity for the enamel surface and/or
hydroxyapatite (Souza et al., 2013). Substituting sodium ions with calcium ions could
result in a compound that combines the properties of both NaTMP and calcium in
mineralization  processes. Therefore, this study aimed to synthesize
cyclotriphosphates (NaTMP) with a complete replacement of sodium by calcium
(CaTMP) and to produce compounds with different proportions (weight/weight) of
CaTMP/NaTMP, assessing their effect on initial dental enamel erosion and surface
free energy. The null hypothesis of the study was that toothpaste containing CaTMP
would have a similar effect to a 1100 ppm F toothpaste against initial dental enamel

erosion and surface free energy.

2. Materials and Methods

2.1 Synthesis of cyclotriphosphates (Trimetaphosphate: TMP) with total sodium for
calcium (3Ca209P5)

The calcium trimetaphosphate (CaTMP) used had a molecular weight of 594.07
and a particle size of 236 + 50 nm. It was synthesized in the Laboratory of Pediatric
Dentistry of the Department of Preventive and Restorative Dentistry at Sdo Paulo
State University (FOA/UNESP) (Toledo, et al., 2023). TMP compounds with total
replacement of sodium by calcium were prepared by dissolving 30 g of commercial
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sodium TMP (NaTMP) (NasP3O0g9, CAS 7785-84-4, Sigma-Aldrich Co., St. Louis, MO,
USA) in 40 mL of deionized water. The solution was treated in a cationic ion exchange
column to replace sodium ions with calcium ions (Watanabe et al., 1998). Composition
adjustment was achieved by rigorously controlling the initial amount of sodium TMP,
pH, and ion exchange resin fraction. Precipitation and incorporation of calcium were
conducted using a calcium hydroxide solution (Ca(OH)., Code HC09743RA, Exddo,
Brazil), until the initial pH of the solution was reached before the ion exchange. The
solutions were incubated in an oven at 37 °C for 24 hours (Griffith 1962), then filtered,
and the resulting powder was subjected to drying in an oven at 70 °C for 24 hours.
Subsequently, the powder was homogenized in a ball mill (Planetary Micro Mill
PULVERISETTE 7 classic line, Fritsch GmbH, Idar-Oberstein, Germany) for 2 hours.
The compound was named calcium TMP: CaTMP. Compounds containing 20%/80%,
50%/50%, and 80%/20% CaTMP/NaTMP (w/w) were mixed in a ball mill as previously
described.

2.2 Characterization of CaTMP compounds

The morphology and overall structure of the CaTMP powder were assessed
using a field-emission scanning electron microscope (SEM/ZEISS DSM-940A model,
Oberkochen, Germany). Sample of the powder mounted onto aluminum stubs, coated
with a thin layer of gold—palladium through sputter-coating, and examined at an
acceleration voltage of 5 kV. In addition, energy dispersive X-ray spectroscopy (EDS)
analysis was performed under SEM to acquire semi-quantitative data regarding the
chemical composition of the compound.

2.3 Experimental design

To conduct the study, enamel blocks (4 mm x 4 mm, n = 182) were obtained
from bovine incisor teeth that had been immersed in a 2% formaldehyde solution at
pH 7.0 for 30 days prior to any experimental procedures (de Toledo et al., 2022).
These blocks underwent enamel surface polishing using 600, 800, and 1200-grade
water-cooled silicon carbide paper disks (Buehler, Lake Bluff, IL, USA), followed by a
final polish using a felt disk (Polishing Cloth 40-7618, Buehler) moistened with a 1-pym
diamond polishing suspension (Extec Corp., Enfield, CT, USA). This sequential
polishing process facilitated selection by determining the initial surface hardness (SHi).
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Surface hardness (SH) was determined as follows: a reference impression was
made 1000 pm (Knoop, 500 g, 10 seconds, Shimadzu HMV-2000, Shimadzu
Corporation, Kyoto, Japan) from the central region of the enamel block. At a distance
of 200 ym from the right vertex of the largest impression, five impressions were made
(initial SH - SHi) separated by a distance of 100 ym (Knoop, 25 g, 10 seconds,
Shimadzu HMV-2000) (de Toledo et al., 2022). The enamel blocks were randomly
distributed according to the mean SH of the total blocks and the confidence interval
between 7 experimental groups containing 1% of the compounds:
100%NaTMP/0%CaTMP (NaTMP), 80%NaTMP/20%CaTMP (20%CaTMP), 50%
NaTMP/50%CaTMP (50%CaTMP), 20%NaTMP/80%CaTMP (80%CaTMP) and
100%CaTMP/0%NaTMP (CaTMP). A placebo toothpaste was used as a control and,
as a positive control, a toothpaste containing 1100 ppm F (NaF, Merck, CAS 7681-49-
4, Germany). Sample size calculation (n = 12 per group) was based on a previous
study (de Toledo PTA et al., 2022), considering mean values of surface hardness (SH)
and percentage loss in surface hardness (%SH) as the primary endpoint. Additionally,
expected standard deviations, an a error of 5%, and a 3 error of 15% were considered
during the calculation. After treatment and erosive challenges, the surface hardness
was measured and the percentage loss in surface hardness (%SH) was determined.
Additionally, analysis of enamel surface free energy, scanning electron microscopy
(SEM) and energy-dispersive X-ray (EDX) were also performed. (Fig. 1).
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of the F, Ca and P Concentration Present in Toothpastes (F) SEM and EDS after
treatment on enamel surface (G) Surface free energy analysis.

2.4 Toothpaste formulation and fluoride (F), calcium (Ca), phosphate (P), and pH
assessment

Toothpastes were formulated using the following ingredients: titanium dioxide,
carboxymethyl cellulose, methyl p-hydroxybenzoate sodium, saccharin, mint oil,
glycerin, abrasive silica, sodium lauryl sulfate, and deionized water. Each ingredient
was carefully mixed to achieve a total weight of 100 g for each toothpaste. Toothpastes
containing calcium trimetaphosphate and sodium trimetaphosphate were prepared at
their specified concentrations for their respective groups. Additionally, a toothpaste
containing sodium fluoride (NaF, Merck, CAS 7681-49—4, and Germany) at a
concentration of 1100 ppm F was formulated. Furthermore, a placebo toothpaste
formulation without calcium trimetaphosphate, sodium trimetaphosphate, and fluoride
(F) was also prepared. All toothpaste formulations were stored at room temperature
and hermetically sealed to maintain sample integrity.

Fluoride levels in the experimental toothpastes were measured following the
method outlined by Delbem et al. (2009). Initially, a sample from the suspension was
treated with 2 mol L-' HCI for total fluoride assessment and then buffered with 1 mol
L-" NaOH. Supernatants obtained by centrifugation (906 x g; 20 min) were utilized for
ionic fluoride assessment. The same volume of TISAB Il (total ionic strength
adjustment buffer, Orion, Thermo Scientific Inc., Beverly, MA, USA) was added to the
solutions. Fluoride measurements were performed using an ion-selective electrode
(Orion 9609-BN; Orion Research Inc., Beverly, USA) connected to an ion analyzer
(Orion 720 A*; Orion Research Inc.), calibrated with standards ranging from 0.125 to
4.0 ug F/mL.

Additionally, total phosphorus (TP) and calcium (TCa) levels in the toothpastes
were determined (Delbem et al., 2009). Samples were subjected to acid hydrolysis by
adding 2 mol L' HCI at a temperature just below the boiling point. After a 20-minute
centrifugation (906 xg) of the suspensions, ionic phosphorus and calcium were
measured. lonic calcium (ICa) and total calcium (TCa) were determined using the
Arsenazo Il colorimetric method as described by Vogel et al. (1983), with calibration
standards ranging from 40 to 200 ug Ca/mL. lonic phosphorus (IP) and total
phosphorus (TP) were measured using a colorimetric method described by Fiske &
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Subbarow (1925) with a spectrophotometer (Hitachi U-1100 UV/Vis
spectrophotometer - Hitachi High Technologies, Tokyo, Japan) at a wavelength of 660
nm. Results were expressed as ug/g.

2.5 Collection of human saliva

Human saliva was collected from six healthy volunteers one hour after
breakfast, with approval from the Research Ethics Committee (CAAE:
52188021.2.0000.5420). These volunteers reported good oral health and were not
using any medication (Wetton et al., 2007). Human saliva was stimulated with the aid
of paraffin (Parafiim® M, Sigma-Aldrich, St. Louis, MO, USA), and was expectorated
into ice-containing vials. Subsequently, the collected saliva was centrifuged (Hanil-
Combi-514 R, Incheon, South Korea) for 10 min at 4 °C, at a force of 2000 xg. The
supernatants were collected, pooled, and stored in 50 mL vials at - 72 °C (Schipper et
al., 2007). This temperature was maintained to preserve the properties of human

saliva until its use at room temperature.

2.6 Treatment and erosive challenges

Prior to the acid challenges, the enamel blocks were individually immersed in
human saliva (4 mL/block) for 2 hours to allow for the formation of an acquired pellicle.
Subsequently, the blocks were washed in deionized water for 30 seconds. Following
this, the blocks were individually immersed in suspensions/slurry of toothpaste in
deionized water (1:3 - weight: weight) corresponding to their respective groups (4
mL/block) and agitated at 100 rpm for 2 minutes. Surface hardness (SHf)
measurements were then recorded after treatment for each group. The surface
hardness (SHf) measurements were taken after treatments of each group. After
washing with deionized water, the blocks were individually immersed in 4 mL of citric
acid solution (0.75%, pH 3.5; Synth, Brazil) under agitation (100 rpm) for 1 minute at
room temperature, followed by another 30-second wash with deionized water. This
process was repeated four times to complete four erosive challenges after treatment
with the toothpaste slurry. Final surface hardness (SHf) measurements were taken
after each erosive challenge to calculate the percentage of surface hardness change
(%SHC=[(SHf-SHi)/(SHi)]*x100) at 1, 2, 3, and 4 minutes into the challenge (de Toledo
et al., 2022).
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2.7 Surface free energy analysis

To determine the contact angle, the treated blocks were kept at 22 °C for 45
minutes to allow for the stabilization of the formed film (van der Mei et al., 2002). The
parameters of ys "V and ys AB and the acid (ys*, acceptor component) and base (ys,
donor component) components of the surface free energy (mN/m) were calculated
according to the van Oss model, Chaudhery and Good to determine the free energy
of interaction of substrates (Harnett et al., 2007; van der Mei et al., 2002; van Oss et
al., 1995). Measurements were conducted using an automatic goniometer (DSA 100S,
Kruss, Hamburg, Germany), employing three probe liquids with known surface energy
parameters: water (polar), diiodomethane (nonpolar) and ethylene glycol (polar with
acidic and base).

To determine the contact angle, a volume of 0.5 pyL of each liquid was
automatically dispensed into a different quadrant of the enamel surface of each block
using a glass syringe (500 yL) and a 0.5 mm needle. After 1 second of dripping, the
contact angles (right and left) were measured using a CCD camera to capture images
and the tangent method (Drop Shape Analysis DSA4 Software, version 2.0-01, Kruss).
Each drop was measured five times for 5 seconds at a temperature of 22 °C and
relative humidity of 44% + 6 (Harnett et al., 2007, van der Mei et al., 2002).

The interaction free energy (AGwi) was also calculated to determine the
hydrophobicity/hydrophilicity of the enamel surface: AGiwi > 0 indicates a hydrophilic
surface, and AGiwi < 0 indicates a hydrophobic surface (Harnett et al., 2007). AGjwi =
—2(WstW = Wt = 4(Vys*ysT + Ww'vw = YWstyw = Vs yw?) (Harnett et al., 2007).

2.8 Scanning electron microscopy (SEM) and energy-dispersive X-ray (EDX)

To assess the deposition ability of toothpastes on enamel surfaces, enamel
blocks were prepared as previously described and polished (2/per group). Each block
was divided into two halves, with one half covered with nail polish. Subsequently, the
blocks were exposed to human saliva for 2 hours to form an acquired pellicle.
Following this, a mixture of toothpaste and human saliva was applied to each block for
two minutes, followed by rinsing in deionized water for 30 seconds. Afterward, the nail
polish was carefully removed using a scalpel blade and acetone, and the blocks were
washed once more and dried with paper towels. The enamel blocks were then affixed
to stubs with carbon conductive tape and coated with a thin gold layer (~5 nm thick)
for 90 seconds in a sputter coater (Quorum - Q150T E, West Sussex, UK). SEM
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images of each sample were captured using a scanning electron microscope (SEM)
(Carl Zeiss, EVO LS15, Carl Zeiss NTS LTD, Germany) at a magnification of 1000x
and an acceleration voltage of 20 kV to assess the presence of deposits on the enamel
surfaces. Additionally, the composition of these deposits was analyzed using energy-
dispersive X-ray spectroscopy (EDX) (Oxford Instruments, INCAx-act, 133 eV,
England) operating at 20 keV with a spatial resolution of approximately 2 ym and a
counting time of 210 seconds (de Toledo et al., 2022).

2.9 Statistical analysis

Experimental groups and phases (baseline, posttreatment, 1t , 2" 3 and
4t acid challenges) were considered as factors of variation. All variables exhibited
normal distributions (Shapiro—Wilk test) and homogeneous variances (Cochran test).
The percentage of surface hardness (%SH) was analyzed using a two-way repeated-
measures analysis of variance (ANOVA), followed by the Tukey test. Surface and
interaction free energy variables were analyzed using one-way ANOVA, followed by
the Student-Newman-Keuls test. All statistical analyses were conducted using
SigmaPlot software (version 12.0, SigmaPlot, Systat Software Incorporation, San
Jose, CA, USA) with a significance level set at 5%.

3. Results

The SEM images revealed irregular grain crystals for NaTMP (Fig. 2.A) and
regular spherical grains for CaTMP (Fig. 2.B). EDS analysis identified peaks
corresponding to the chemical elements Na at 1.04 keV, O at 0.52 keV, and P at 2.02
keV, common to both NaTMP and CaTMP samples (Fig. 2.C), as well as peaks at
0.26 and 3.69 keV characteristic of the Ca element in CaTMP (Fig. 2.D).
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Figure 2 — Scanning Electron Microscopy images of NaTMP (A) and CaTMP (B)

samples, (C) Energy-dispersive X-ray spectroscopy of NaTMP (C) and CaTMP (D)
powder.

The mean (£SD) concentrations of total fluoride (TF) and ionic fluoride (IF) in
the experimental toothpastes, were, respectively: 1) Placebo (16.5 + 1.6) and (14.4
+1.6); 2) 1100 ppm F (1134.1 + 43.6) and (1107 £ 59.3); 3) 100%NaTMP/0%CaTMP
(10.2+0.2)and (11.4 £ 0.4); 4) 80%NaTMP/20%CaTMP (13.3 £ 1.7) and (12.5 £ 0.6);
5) 50%NaTMP/50%CaTMP (10.5+ 0.64) and (12.9 £ 0.7); 6) 20%NaTMP/80%CaTMP
(12.0 £ 0.8) and (11.3 £ 0.9) and 7) 100%CaTMP/0%NaTMP (21.6 + 16.6) and (17.3
+ 2.4). The fluoride concentration was within the range of 10% proposed for
toothpastes. All experimental toothpastes had a pH ranging from 6.83 to 7.19. The
ionic concentrations of calcium/phosphorus (ICa and IP) were lower than the
concentrations of total calcium/phosphorus (TCa and TP), influenced by the CaTMP
concentration. The higher the concentration of CaTMP in the groups, the higher the

concentrations of ionic and total calcium/phosphorus.
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Table 1 — Mean values (ug/g) of calcium (Ca), phosphorus (P), fluoride (F), ionic (I)
and total (T), and pH in the toothpastes

Fluoride Calcium Phosphorus
Groups PH
lonic Total lonic  Total lonic Total
Placebo 144 165 2553 3485  6.89
16y  (2.1) (222) (27.6) (0.06)
11073 113441 2058 6064 7.05
1100ppm F 593y  (436) (36) (66.1) (0.06)
100%NaTMP/  11.4 102 4194 29335 683
0%CaTMP 04)  (0.2) (26) [47.9] (0.04)
S arde 125 133 34198 %% 51222 715
b 06) (1.7) (2693) )55 (147.2) (0.0)
oAt 129 105 28374 6165 36460 6.90
0 (0.7)  (0.64) (255.6) (44.3) (60.8) (0.04)
gg:f ggmg 113 120 21902 4485 35517 7.05
0 0.9)  (0.8) (16.9) (13.6) (5.0) (0.06)
100%CaTMP/ 173 216 56752 769.0 65345 7.19
0%NaTMP 24)  (16.6) (172.4) (38.0) (33.2) (0.05)

(-) Not detectable. (*) Standard deviation from the average

Regarding post-treatment hardness gain, the toothpaste containing
100%CaTMP/0%NaTMP exhibited the highest values, significantly surpassing those
of the other groups (p<0.05; Table 2). Furthermore, this experimental toothpaste also
demonstrated the most effective anti-erosion protective effect on enamel after erosive
challenges (p<0.05; Table 2).
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Table 2 — Mean values (SD) of the percentage of change in surface hardness (%SH)

in enamel according to the groups and experimental conditions (n=12)

Groups

Placebo

1100 ppm F

100%NaTMP
10%CaTMP

80% NaTMP/
20% CaTMP

50% NaTMP/
50% CaTMP

20% NaTMP/
80% CaTMP

100%CaTMP
10%NaTMP

Experimental conditions

After 1st 2nd 3rd 4t
treatment Challenge Challenge Challenge Challenge
0.2aA -33.9°A  -514°A  -60.39A  -66.8°A
(0.1) (1.2) (1.1) (0.8) (0.4)
2.228 -17.6°8  -27.4°B  -5249BD  _5g geBD
(0.3) (0.2) (0.7) (1.8) (0.3)
0.72A -39.0°¢ -47.3¢C -51.198 -59.4¢°58
(0.1) (1.2) (1.3) (0.4) (0.2)
2P -35.9°P -43.8°P -57.14¢ -62.0°C¢
(0.3) (1.3) (0.8) (1.7) (0.9)
3.528 -30.50F -38.4°F -56.6%C -59.2°8
(0.3) (1.4) (1.0) (0.6) (1.9)
Sk -20.8°F -27.5¢8 -53.090  -57.2°DE
(0.9) (1.3) (0.9) (1.8) (1.2)
7.420 -7.1bC -17.1¢F -43.49F -48.1°F
(1.3) (0.8) (0.6) (0.6) (0.8)

Distinct lowercase letters indicate a significant difference between experimental

conditions for each agent. Different capital letters indicate a significant difference

between agents for each experimental condition (two-way repeated measures

ANOVA, Tukey, p<0.05).

The addition of calcium trimetaphosphate in various concentrations to sodium

trimetaphosphate in toothpastes resulted in the formation of a thin, homogeneous

precipitate layer containing approximate amounts of Ca, P, and O (Fig. 3.C-G).
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Figure 3 — SEM images of a representative specimen in different groups and
respective spectrum from EDX analysis: (A) Placebo, (B) 1100 ppm F, (C)
100%NaaTMP/0%CaTMP, (D) 80%NaTMP/20%CaTMP/, (E)
50%NaTMP/50%CaTMP (F) 20%NaTMP/80%CaTMP and (G)
100%CaTMP/0%NaTMP. White asterisks indicate sound enamel. Black asterisks
indicate precipitated enamel formed after the treatments. Arrows indicate the limit

between sound enamel and precipitated enamel formed after treatments.

All CaTMP formulations tested on enamel resulted in a significant increase in
Ys and a decrease in AGwi (p<0.05) compared to the group containing
100%NaTMP/0%CaTMP (Table 3). When CaTMP treatments were compared with
1100 ppm F, there was a decrease in ys and an increase in AGii (p<0.05), indicating
a dose-response relationship (Table 3). Surface free energy (ys) was only significantly
higher with Placebo, (p<0.05; Table 3). The values of polar component (ys*? = Lewis
acid-base) became more negative with increasing % of CaTMP (p<0.05; Fig. 4.A).
Among the parameters from ys* = eletron-acceptor (Lewis acid) and ys~ = eletron-donor
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(Lewis base), lower ys~ values were observed with increasing % of CaTMP (p<0.05;
Fig. 4.B).

Table 3 — Means of the surface (ys) and interaction (AGiwi) free energy after treatment
of enamel surface (n = 12)

Variables
Treatments
Ys, mN/m AGiwi, mMN/m
Placebo 24 .22 -49.02
(3.4) (8.1)
1100 ppm F -14.2° 33.9°
(6.1) (7.9)
0%CaTMP/100%NaTMP -44.7¢ 44.6°
(8.1) (7.4)
80% NaTMP/20% CaTMP -25.1¢ 36.2b¢
(6.2) (5.0)
50% NaTMP/50% CaTMP -31.2¢ 34.1°
(8.6) (9.4)
20% NaTMP/80% CaTMP -33.7¢ 37.6bc
(7.2) (6.8)
100%CaTMP/0%NaTMP -33.7¢ 40.2b¢
(4.0) (8.2)

Distinct superscript letters indicate statistical significance among the groups in each
variables (one-way ANOVA, Student-Newman-Keuls test; p<0.05). Values between
parentheses indicate the standard deviation of the mean. NaTMP, sodium
trimetaphosphate; CaTMP, calcium trimetaphosphate;
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Figure 4. (A) Surface free-energies and their components (ys-V: Lifshitz-van der
Waals surface tension component; ys"8: Lewis acid-base interaction) with different
enamel-surface treatments. (B) Influence of the treatments on the component polar of
surface free energy on enamel surface: Lewis-acid (ys*) and Lewis-base (ys~). Values
denote mean and standard deviation (n=12). (C) The mean values of the apolar
(AGiwi-") and polar (AGiwi*®) components of the interaction free energy. Distinct letters
show significant differences among the groups (Student-Newman-Keuls, p<0.05).

Asterisk means there is no significant difference between groups.
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4. Discussion

In in vitro erosion models aimed at reducing enamel loss, the combination of
fluoride and phosphates has emerged as a promising alternative (Paiva et al., 2023;
de Toledo et al., 2022; Viana et al., 2019). Previous studies have demonstrated that
the inclusion of NaTMP enhances the anti-erosion efficacy of fluoride toothpastes
(Paiva et al., 2023; de Toledo et al., 2022; Danelon et al., 2018), even in formulations
with lower fluoride concentrations (250 ppm F) (Cruz et al., 2015; de Toledo et al.,
2022). The increased precipitation of calcium phosphate may further augment the anti-
erosion effects of TMP. Therefore, the present in vitro study assessed toothpastes
containing F, NaTMP, and cyclotriphosphates with a complete replacement of sodium
by calcium (CaTMP) in their ability to inhibit initial enamel erosion lesions and alter
surface free energy. The findings of this study indicated that toothpastes containing
Na/CaTMP resulted in less enamel softening compared to 1100 ppm F.

The findings of the present study demonstrated that the addition of CaTMP
significantly enhanced the protective effect against enamel erosion and promoted
additional electron-donor sites on the enamel surface. Consequently, the null
hypothesis of the study was rejected based on the data obtained. In a previous study
(Cruz et al, 2015), formulations consisting solely of NaTMP without fluoride
supplementation were not investigated. This decision was informed by prior evidence
indicating that the efficacy of NaTMP alone is inferior to that observed with fluoride-
containing toothpastes. These findings are consistent with our results, indicating that
toothpastes containing only TMP exhibit either similar or diminished effects, depending
on the concentration and challenge conditions (Table 2).

The presence of fluoride (F) in toothpaste is known to induce the formation of
CaF2 on eroded enamel surfaces, thereby partially mitigating enamel erosion following
erosive cycles, as evidenced in a previous study (Magalhaes et al., 2007). These CaF2
globules serve as a physical barrier, hindering acid contact with the enamel and
contributing to enamel hardening (Magalhaes et al., 2007). This layer readily dissolves
in acid, but it acts as an additional physical barrier, impeding the dissolution of the
underlying enamel mineral. These precipitates not only directly protect the underlying
enamel surface but also release fluoride ions in response to erosive challenges
(Huysmans et al., 2014). Regarding trimetaphosphate (TMP), its adsorption onto
enamel can impede acid diffusion (de Toledo et al., 2022; Amaral et al., 2018), thereby
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reducing enamel softening (Danelon et al., 2018). The complete substitution of sodium
with calcium has shown promising outcomes in terms of protection against erosive
challenges, likely attributed to the precipitation of calcium phosphate, which offers
defense during erosive episodes. Consequently, the increased precipitation of calcium
phosphate resulting from the sodium-to-calcium replacement obstructs acid diffusion
and minimizes enamel softening across all conducted challenges, even in the absence
of fluoride.

Moreover, other phosphate salts have also been noted for their capacity to
adsorb onto enamel, including calcium (Ca?*) and phosphorus (PO4%") (Neves et al.,
2018; Emerenciano et al., 2023). Our study demonstrated that increasing the
concentration of CaTMP led to higher levels of ionic and total calcium/phosphorus,
facilitating faster and deeper subsurface protection. Alternatively, toothpastes
containing 100%CaTMP/0%NaTMP enhanced saliva's efficacy, showcasing superior
anti-erosion properties. They exhibited a 28% and 18% improvement in repair within
2 minutes, respectively, and demonstrated enhanced resilience against subsequent
erosive tests compared to placebo and toothpastes with 1100 ppm F, as depicted in
Table 2.

Given that enamel primarily comprises calcium (Ca), phosphorus (P), and
oxygen (O), the application of agents containing phosphorus and calcium leads to
minimal quantitative changes, attributed to the limited sensitivity of the Energy-
Dispersive X-ray Spectroscopy (EDX) technique (Fig. 2). A marginal variation in Ca,
P, and O percentages between sound enamel samples may suggest minimal mineral
loss. While EDX does not specify whether the deposited calcium phosphate is
crystalline or amorphous, the enamel hardness induced by each toothpaste
formulation varied. This observation is supported by the increase in surface hardness
(%SH) of sound enamel following a single application of the treatments, as detailed in
Table 2. Moreover, examination of Scanning Electron Microscopy (SEM) images of
sound enamel (Fig. 3) revealed qualitative disparities in the surface layer among
groups, potentially influencing surface hardness.

Additionally, this study investigated the impact of CaTMP at various
concentrations on enamel surface free energy. Consistent with prior reports (Nalin et
al., 2021; Neves et al., 2018), the balance between (ys*) and base (ys~) forces indicates
the hydrophobic or hydrophilic nature of a surface, as dispersive forces (non-polar
energy) are always present (van Oss, 1995; Harnett et al., 2007). Treatment with
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sodium TMP was found to facilitate the adsorption of Ca?* and PO.*, resulting in
reduced ys, with a dose-response relationship observed between TMP concentrations
in solutions, ys"B and ys™. Furthermore, in a previous study assessing enamel treated
with calcium polyphosphate (CAGP), it was demonstrated that CAGP adsorbed on the
enamel, leading to reduced ys attributed to lower ys-V values (Nalin et al., 2021). In
the current study, CaTMP was also adsorbed onto the enamel, thereby reducing ys
due to lower ys*B values.

A recent study that demonstrated that incorporating CaTMP into a membrane
for periodontal tissue engineering resulted in hydrophobicity (Toledo et al., 2023).
Nevertheless, the methodological variations and differences in the composition of the
biomaterial does not allow a direct comparison with present data. In our study,
treatment of dental enamel with CaTMP yielded a hydrophilic surface, evidenced by a
decrease in ys due to reduced ys"B values and no significant alteration in ys-V values
(Fig. 4.A). The results of ys~ further support these findings, indicating higher values
(>28.5 mN/m) and AGiwi values that confirm the hydrophilic nature of the enamel
surface after CaTMP treatment, irrespective of the concentration used (van Oss,
1995). Van der Waals interactions occur between all atoms and molecules (non-polar
energy). This study suggests that CaTMP treatment rendered the enamel surface
hydrophilic based on 6, <65° and ys™ > 28.5 mN/m criteria.

Considering that calcium and phosphate have the potential to form ionic
species with different charges and activities, enamel reactivity depends on the
electrical charge created on the enamel surface. In this context, these elements are
strongly associated with CaTMP (Table 3), exhibiting higher total calcium and
phosphorus levels compared to NaTMP. With the enamel surface presenting more
electron-donor sites after CaTMP treatment, the reactivity with Ca?* is enhanced,
leading to increased adsorption of PO43~ and Ca?* and resulting in lower ys"B values
and a reduction in the ys~ parameter (Fig. 4). Nucleation of Ca?* and PO43~ occurs
within the adsorbed CaTMP layer, resulting in oversaturation of these ions near the
enamel surface. Furthermore, calcium and phosphate ions are retained within the
CaTMP layer rather than being deposited directly onto the enamel surface, keeping
the pores open and facilitating ion diffusion into the enamel (Nalin et al., 2021).
Consequently, cationic acid-resistant proteins from saliva could explain the lower
hardness loss following erosion challenges. The findings of this study offer new
insights into elucidating the mechanism of CaTMP in reducing erosion and enhancing
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enamel protection (de Toledo et al., 2022), thereby supporting the hypotheses of
previous findings. The study clearly demonstrates the impact of CaTMP concentration
on tissue loss, emphasizing the importance of considering this factor in the
development of oral care products.

It's crucial to note that human saliva was utilized in this study to better mimic
clinical conditions, as it has been proposed that the presence of the acquired salivary
pellicle can mitigate enamel loss and softening. Saliva's diluting action, buffering
capacity, and supersaturation with respect to tooth mineral content contribute to this
protective effect (Buzalaf et al., 2012). This early erosion experimental model provides
valuable insights into the action of newly synthesized compounds on the enamel
surface following exposure to acid challenges. Surface hardness is well-suited for
analyzing acid challenges in enamel without quantifying substance loss (Stenhagen
et al., 2010), allowing determination of enamel softening and susceptibility to repair
and substance loss as the erosive process progresses. Absolutely, it's important to
interpret the results of this study with caution. Further studies are warranted,
particularly long-term experiments, to evaluate the product deposited on the surface
and its contribution to the protective effect against erosion. Additionally, it's important
to acknowledge potential limitations of the results, such as the absence of the abrasive
effect of brushing and the use of bovine enamel, which is known to be more
susceptible to acid attacks. In addition, in vivo or in situ studies would provide
additional insights into this issue.

5. Conclusion

Under the conditions of this in vitro methodology, it was concluded that
toothpastes containing CaTMP demonstrated superior protective effects against initial
enamel dental erosion when compared to the 1100 ppm F toothpaste. Additionally,
they promoted an increase in electron-donor sites on the enamel surface, resulting in

a more hydrophilic surface.
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Calcium Trimetaphosphate-Loaded Electrospun
Poly(Ester Urea) Nanofibers for Periodontal Tissue Engineering

Abstract

The objective of this research was to create and appraise biodegradable
polymer-based nanofibers containing distinct concentrations of calcium
trimetaphosphate (Ca-TMP) for periodontal tissue engineering. Poly(ester urea) (PEU)
(5% wi/v) solutions containing Ca-TMP (15%, 30%, 45% w/w) were electrospun into
fibrous scaffolds. The fibers were evaluated using SEM, EDS, TGA, FTIR, XRD, and
mechanical tests. Degradation rate, swelling ratio, and calcium release were also
evaluated. Cell/Ca-TMP and cell/scaffold interaction were assessed using stem cells
from human exfoliated deciduous teeth (SHEDs) for cell viability, adhesion, and
alkaline phosphatase (ALP) activity. Analysis of variance (ANOVA) and post-hoc tests
were used (a = 0.05). The PEU and PEU/Ca-TMP-based membranes presented fiber
diameters at 469 nm and 414-672 nm, respective-ly. Chemical characterization
attested to the Ca-TMP incorporation into the fibers. Adding Ca-TMP led to higher
degradation stability and lower dimensional variation than the pure PEU fibers;
however, similar mechanical characteristics were observed. Minimal calcium was
released after 21 days of incubation in a lipase-enriched solution. Ca-TMP extracts
enhanced cell viability and ALP activity, although no differences were found between
the scaffold groups. Overall, Ca-TMP was effectively incorporated into the PEU fibers
without compromising the morphological properties but did not promote significant cell

function.

Keywords: nanofibers; tissue engineering; calcium; phosphates; poly(ester

urea)



51

2. 1. Introduction

Periodontal disease, a multifactorial inflammatory disorder affecting the
supporting tissues of the teeth, poses a significant health burden worldwide. Over half
of the global population is estimated to suffer from some form of periodontal disease,
making it one of the most prevalent oral health conditions. This chronic condition leads
to tooth loss and has profound implications for overall systemic health [1,2].
Conventional treatment modalities such as scaling, root planing, and surgical
interventions have shown limited success in achieving complete regeneration of
periodontal tissues. In recent years, tissue engineering has emerged as a promising
approach to address the limitations of conventional therapies by leveraging the
principles of stem cell biology, biomaterial science, and molecular biology [3].

Numerous techniques have emerged to regenerate compromised periodontal
tissues, especially using membranes as scaffolds [4]. For clinical applications, an
optimal membrane should fulfill specific criteria. These criteria encompass
biocompatibility and biodegradability, as well as providing a suitable surface and a
porous three-dimensional framework that facilitates cell migration, attachment,
infiltration, proliferation, and differentiation. Additionally, the membrane should
possess sufficient mechanical strength to support tissue regeneration by maintaining
the space [4]. This way, various biomaterials can be chosen to manufacture barrier
membranes, including synthetic and natural materials. Along with selecting the right
biomaterial, it is crucial to use appropriate manufacturing methods when developing a
membrane [5]. Electrospinning is a versatile and user-friendly technique. It is widely
used to produce nanofibrous scaffolds with a high surface area-to-volume ratio,
facilitating cell attachment and proliferation [6]. They can also be made with or without
incorporating therapeutic agents for treating infections, controlling inflammation,
modulating cell differentiation, and promoting tissue regeneration [6,7].

PEU, which stands for poly(ester urea), is a promising polymer in the
biomedical field due to its biodegradability, biocompatibility, and tunability. These
materials have found extensive application in tissue engineering and various medical
fields. Notably, their versatility makes them particularly suitable for repairing
periodontal defects, as they exhibit excellent compatibility with soft and hard tissues
[8-11]. PEU is a copolymer comprising three building blocks: an aliphatic diol or
diamine, a diisocyanate, and a dicarboxylic acid or its anhydride. Combining these
building blocks forms ester and urea linkages in the polymer backbone. By varying its
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composition, the mechanical properties of PEU can be tuned broadly. For example,
using longer or shorter chain diols or diamines can change the flexibility and stiffness
of the polymer [12]. Similarly, using different amino acids can also influence the
mechanical properties of the polymer [13]. Additionally, by adjusting the length of the
diol or the amino acid’s hydrophilicity, the degradation rate can be easily controlled
[12].

The addition of molecules as antibiotics and cations (Sr?*, Mg?*, Si**, and/or
Zn?*) to improve scaffolds’ biological or antimicrobial properties has been widely tested
[14,15]. Due to their remarkable resemblance to the mineral components of bone and
their exceptional osteoconductive and osteoinductive properties, calcium phosphates
(CaP) have been widely employed in bone tissue engineering applications [16—19].
The crucial role of low calcium (Ca?*) ion concentrations in supporting cell proliferation,
migration, and differentiation has been reported [17-21]. Meanwhile, sodium
trimetaphosphate (STMP, Na3P30o) is a cyclic polyphosphate working as an effective
crosslinker, not showing toxicity at any concentration, and has been used in the food
industry since being FDA-approved for humans [20]. Studies investigating the potential
of STMP found that it provides nucleation sites for calcium phosphate apatite
precipitation [21] since it leads to a more anionic surface [22,23]. When added to a
polyamide-based scaffold, STMP produced higher elastic modulus, elongation at
break, and tensile strength, in addition to generating a hydrophilic surface that
facilitates cell adhesion, which is essential for bone repair [24].

Based on the ability of STMP to improve the biological and mechanical
properties of polymers and the effects of calcium on bone mineralization, the
replacement of sodium ions by calcium ions may generate a compound that combines
the properties of both (TMP and calcium) on mineralization processes. Thus, to
determine the effect of sodium replacement for calcium in the STMP on cell adhesion,
proliferation, and differentiation, the present study incorporates different
concentrations of Ca-TMP into PEU nanofibrous scaffolds and investigates the
mechanical and biological properties of those scaffolds for periodontal tissue

engineering.

2. 2. Materials and Methods
2. 2. 1. Materials
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We obtained 1,1,1,3,3,3-hexafluoro-2-propanol (HFP) from Sigma-Aldrich in St.
Louis, MO, USA. The calcium trimetaphosphate (Ca-TMP) used had a molecular
weight of 594.07 and a particle size of 236 + 50 nm. It was synthesized in the
Laboratory of Pediatric Dentistry of the Department of Preventive and Restorative
Dentistry at Sdo Paulo State University (FOA/UNESP). The alpha-minimum essential
medium (a-MEM), fetal bovine serum (FBS), and penicillin/streptomycin were
procured from Gibco in Grand Island, NY, USA. Invitrogen in Waltham, MA, USA,
provided AlamarBlue® (DAL1100), ActinRed™ 555, and ActinGreen™ 488.
Additionally, we used the SensoLyte p-nitrophenyl phosphate (pNPP) ALP kit from
AnaSpec, Inc. in Fremont, CA, USA.

2. 2. 2. PEU (Poly Ester Urea) Synthesis

PEU (poly ester urea) 50% PHE6 P(1-VAL-10) or 50% P6V10: M(1-PHE-6) (50.0 g,
0.07 mol, 0.5 eq.), M(1-VAL-10) (47.4 g, 0.07 mol, 0.5 eq.), sodium carbonate (43.4 g,
0.41 mol, 3.1 eq), triphosgene (15.7 g, 0.05 mol, 0.4 eq.) (Mn =69.9 kDa, Mw = 134 .4
kDa, DM = 1.9, Tg = 38.4 °C, Td = 235.2 °C) was produced via an interfacial step
growth polymerization as described previously [9,25]. In summary, an interfacial
polymerization process was carried out by combining chloroform and water. Ina 2 L
reactor equipped with an overhead mechanical stirrer, the desired molar equivalents
(1 eq., in total) of di-ptoluenesulfonic acid monomer salts and sodium carbonate (3.15
eq.) were introduced. Around 500 mL of hot distilled water (100 °C) was added to the
flask, and the solution was stirred at a rate of 200 RPM until complete dissolution.
Subsequently, the flask was cooled in an ice bath to achieve a temperature of 10 °C.
Once cooled, triphosgene (0.43 eq.) was dissolved in 500 mL of chloroform and added
to the solution. Immediate whitening of the solution occurred upon adding the organic
solution, which was stirred for 48 h at 400 RPM. The resulting solution was transferred
to a separatory funnel and washed with 500 mL of deionized water. The chloroform
layer was precipitated dropwise into 4 L of hot water. In the case where residual salt
peaks were detected in the H-NMR analysis, the crude product was dissolved in a
volume of acetone measuring 2 L and subsequently precipitated into hot water with a
volume of 4 L. This process was carried out to effectively eliminate any remaining salts
present. 1H NMR (500 MHz, 303 K, DMSO-d6, from X = 6 from valine monomer
component, Y = 2 from phenylalanine monomer component) 6 = 0.81-0.85 (m, 12H, -
CH(CHs)2), 1.16-1.19 (b, 2YH, -COO CH2CH2(CH2)YCH2CH.00C-), 1.18-1.26 (br,
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2XH,  -COOCHoCH2(CH2)X  CH,CH.,00C-)  1.43-144 (b,  4H,-
COOCH2CH2(CH2)YCH.CH,00C-),  1.53-1.54  (br, 4H, -COOCH-CH>
(CH2)XCH2CH200C-), 1.95-1.98 (m, 2H, -CH(CHs)2), 2.50 (s, DMSO), 2.90-2.92 (m,
2H,  -NHCH(CH:Ph)COO-), = 3.29-3.33(H:0), 395 (t,  2H, -
COOCH2CHz(CH2)YCH2CH200C-),4.03-4.06 (m, 6H, -
CHCOOCH2(CH2)XCH,00CCH-) 4.36-4.39 (m, 2H, -NHCH(CH2Ph)COO-), 6.36—
6.38 (d, 2H, -NH-), 6.48-6.52 (d, 2H, -NH-), 7.13-7.25 (m, 10H, -CeHs) ppm (Figure
S1).

2. 2. 3. Cell/Ca-TMP Interaction

Previously isolated and characterized SHEDs were generously donated by Dr.
Jacques Nor (University of Michigan, School of Dentistry, Ann Arbor, MIl, USA) and
were used to assess cell function in response to Ca-TMP powder. SHEDs were
cultured in an a-MEM. The medium was supplemented with 15% FBS and 1%
penicillin/streptomycin. SHEDs at passages 4—6 were maintained in a humidified
atmosphere at 37 °C with 5% CO2 and utilized for the experimental procedures. To
determine a non-cytotoxic concentration to be incorporated into the PEU fibers,
solutions containing different concentrations of Ca-TMP (10, 25, 50, 100, 150, and 200
MM) were placed in contact with SHEDs for 1, 3, and 5 days. The cells were seeded
in a density of 1 x 10 cells/well in 96-well plates and incubated at 37 °C and 5% CO-
for 24 h to the initial adhesion. After that, the Ca-TMP-containing media was added,
and this media was refreshed every two days. Cell viability was assessed at each time
point using 10% alamarBlue®. After 3 h of incubation, the fluorescence was measured
at 560 nm excitation and 590 nm emission (Spectra Max Id3). The fluorescence values
were transformed in percentages using the average of the negative control group (o-
MEM without FBS) as 100%. For the qualitative analysis of cell adhesion and spread,
cells were fixed using 4% paraformaldehyde, and the actin filaments were stained with
ActinRed™ 555.

2. 2. 4, Fabrication of PEU and PEU Matrices Loaded with Ca-TMP

To prepare four different polymer solutions, PEU was dissolved in
hexafluoropropylene (HFP) at a concentration of 5% (w/v). These solutions were
stirred overnight. Subsequently, the PEU solutions were loaded with different
concentrations (0, 15, 30, 45 wt%, relative to the total polymer weight) of Ca-TMP
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particles. To ensure that the particles were evenly spread within the polymer solution,
the mixtures were stirred for 24 h and sonicated for 30 min. Next, the solutions were
individually loaded into plastic syringes (Becton, Dickson and Company, Franklin
Lakes, NJ, USA) coupled with 27 G metallic blunt-tip needles (CML Supply, Lexington,
KY, USA). The process of electrospinning was carried out at room temperature with
specific parameters. These included a fixed spinning distance of 20 cm, a rotating
collector (120 RPM) with a diameter of 2.5 cm and a peripheral speed of 0.15 m/s, a
flow rate of 1.5 mL/h, and electric voltages of 16 kV. The approximate time of the
electrospinning session was 2.6 h for each group. The electrospinning system
consisted of a high-voltage source (ES50P-10W/DAM, Gamma High Voltage
Research Inc., Ormond Beach, FL, USA), a syringe pump (Legato 200, KD Scientific
Inc., Holliston, MA, USA), and a grounded stainless steel collecting drum connected
to a high-speed mechanical stirrer (BDC6015, Caframo Limited, Georgian Bluffs, ON,
Canada). After the electrospinning process, the mats produced, known as matrices,
underwent a minimum of 48 h of vacuum drying to eliminate any remaining solvent
[26,27].

2. 2. 5. Characterization of the Morphology and Composition of the Electrospun
Fibers

The morphology and general structure of the electrospun fibers were assessed
using a field-emission scanning electron microscope (TESCAN MIRA3, Kohoutovice,
Czech Republic). Samples (n = 3) from each group were affixed onto an aluminum
stub, coated with a thin layer of gold—palladium through sputter-coating, and imaged
at an acceleration voltage of 5 kV. Fiber diameter distribution was subsequently
determined using Image J software (version 1.53, National Institutes of Health,
Bethesda, MD, USA). Measurements were conducted on 50 individual fibers per
image acquired (three images per group) at a consistent magnification of 5000x. The
percentage of porosity of the scaffolds was calculated from three images of each
scaffold at a 5000x magnification using the same software. In addition, energy
dispersive X-ray spectroscopy (EDS) analysis was carried out under SEM (n = 3) to
obtain semi-quantitative data regarding the chemical composition of the fibers.

The chemical properties and Ca-TMP incorporation in all matrices were
assessed (n = 2) using Fourier-transform infrared spectroscopy (FTIR) in attenuated
total reflection mode (Nicolet iS50, Thermo Fisher Scientific, Waltham, MA, USA). The
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FTIR measurements were performed over a range of 700—4000 cm-" at a resolution

of 4 cm~', with 64 scans conducted in random regions. X-ray diffraction (XRD) was

used to analyze the crystalline phase composition (n = 2) using a Rigaku Ultima IV
diffractometer (Rigaku Americas Corporation, Woodlands, TX, USA) in the Bragg—
Brentano geometry. Cu Ka radiation with a wavelength (A) of 1.54 A was utilized.
Scans were conducted in the 28 range from 5° to 45°, with a step size of 0.05° and a
scanning speed of 1°/min. Rigaku’s data analysis software (PDXL Version 2.6.1.2)
and the Inorganic Crystal Structure Database (ICSD) were employed for phase
identification. Thermogravimetric analysis (TGA) of the fibers was performed (n = 2)
using a simultaneous thermal analyzer (SDT Q600, TA Instruments, Dallas, TA, USA).
The heating rate was set at 10 °C/min. Three fibers from each group were subjected
to a step-by-step program under a pure nitrogen (N2) environment. This program
involved holding the temperature at 50 °C for 1 min, heating it from 50 to 650 °C at a
rate of 10 °C/min, and finally holding it at 650 °C for 2 min. Data were recorded after
the final step.

2. 2. 6. Contact Angle

Fibers produced by electrospinning from pure PEU and Ca-TMP-loaded
solutions were then affixed onto microscope glass coverslips (n = 4) sourced from
Fisherbrand (Fisher Scientific UK Ltd., Loughborough, UK). A goniometer (M200
Rame-Hart Goniometer, Succasunna, NJ, USA) was employed to determine the
surface contact angle of the fibrous matrices. Three consecutive drops of distilled
water, each approximately 1 uL in volume, were placed on each sample. The contact
angles of the drops were measured and subsequently averaged to obtain a

representative value.

2. 2. 7. Mechanical Properties, Swelling, and Degradation Profile

The mechanical performance (e.g., elongation at break, tensile strength, Young’s
modulus, yield stress, and yield strain) of all the matrices was evaluated using uniaxial
tensile testing on an eXpert 5601 machine from ADMET (Norwood, MA, USA) using a
load cell from the same company (SM-250-961—250 Ibf) of 1 kN. Rectangular
samples with dimensions of 25 x 3 mm?were utilized for the tests, with a gauge length

of 19 mm and eight samples per group examined. The testing was conducted in two
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ways: dry, which means the samples were tested immediately without any storage,
and wet, which means the samples were stored in a PBS solution for 24 h before being
tested. The crosshead speed during testing was set at 1 mm/min. To determine the
thickness of each sample, a digital caliper (Mitutoyo Corp., Kanagawa, Japan) was
used to take measurements at three separate locations. We collected mechanical data
from the stress-strain curves of each sample and presented the results as the average
value along with the standard deviation (SD).

2. 2. 8. Swelling and Degradation Profile

To determine the water retention capability of the membranes, the fibers (1 cm
x 1 cm; n = 4/group) were incubated in PBS at 37 °C for 24 h. The wet and dry weights
of the specimens were determined before and after incubation at 37 °C. The changes
in the fiber’s weight between the wet (Ww) and dry (Wd) states were used to determine
the volumetric swelling through the following equation:

Swelling ratio =((Ww-Wd))/Wd x 100

The in vitro degradation of the manufactured fibers was assessed by immersing
10 x 10 mm electrospun fibers (n = 4) in solutions containing PBS and lipase (150 U/L)
at 37 °C while continuously monitoring changes in their weight over a period of time
(91 days) [28]. At predetermined time intervals, the samples were taken out of the
incubation medium, lightly dried using low-lint wipes manufactured by Kimberly Clark
Corporation (Kimwipes), rinsed twice with deionized water, and vacuum-dried for 24 h
before recording their weights. The degradation profile was determined using the
following formula: Wt represents the remaining weight at a given time, and WO denotes
the initial dried weight.

Degradation ratio (%) = Wt/WO0 x 100

2. 2. 9. Calcium Release Assay

Calcium release from particles was studied in duplicates by immersing 1 cm? of
the membranes from PEU + 45% Ca-TMP and pure PEU groups (n = 3) in 1 mL of
PBS and lipase at 37°C. During the 21-day period, we used the supernatant to
measure calcium levels using the calcium colorimetric assay kit (MAK022, Sigma
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Aldrich) according to the manufacturer’s instructions. This kit detects the chromogenic
complex formed between calcium ions and o-Cresolphthalein to determine the
concentration of calcium ions. The absorbance, which is directly proportional to the
concentration of calcium ions present in the sample of this complex, was read at 575
nm on a plate reader (Spectra Max 1d3, Molecular Devices LLC, San Jose, CA, USA),
and it was calculated from a standard calcium solution prepared in parallel. The values
obtained by reading the PEU group were used as background and subtracted from the
PEU + 45% Ca-TMP group to obtain the actual reading.

2. 2.10. Cell/Scaffold Interaction

SHEDs were also used to assess cell function in response to the formulated
PEU/Ca-TMP fibers using the same cell culture conditions described in 2.2. To
evaluate the cell response in contact with PEU/Ca-TMP fibers, all electrospun matrices
were cut into 15 x 15 mm? samples and disinfected in a laminar flow hood by UV light
(1 h on each side), then adapted into 24-well plates with metal rings. SHEDs were
seeded at a density of 30,000 cells/matrix and incubated for 1 h to allow initial cell
adhesion on the samples. As mentioned, cell viability was assessed using
alamarBlue® after 1, 3, and 7 days. Fibers of PEU without Ca-TMP on day 1 were
used as the control [29,30]. As previously mentioned, the adhesion and spreading of
SHEDs on scaffold surfaces were assessed at 1, 3, and 7 days with ActinGreen™
488. Matrix surfaces (n = 4) were analyzed under direct fluorescence microscopy
(Echo Revolve, BICO Company, San Diego, CA, USA) at a 10 x magnification.

2. 2. 11. Alkaline Phosphatase (ALP) Activity

To induce osteoblastic differentiation in SHEDs treated with 50 uM of Ca-TMP
(Section 2.3) and cells seeded on the fibers (Section 2.10), two types of media were
employed: osteogenic differentiation medium (OM) and basal medium. OM consisted
of alpha-MEM media supplemented with 100 nM dexamethasone, 10 mM -
glycerophosphate, 50 pg/mL ascorbate phosphate, and 10% FBS. ALP (alkaline
phosphatase) activity measurements were obtained by collecting cell lysates at 7 and
14 days for cells seeded on membranes and at 14 days only for cells/Ca-TMP
interaction. The SensoLyte pNPP ALP kit was utilized according to the manufacturer’'s
instructions for ALP activity detection. Briefly, the cells were suspended in 500 uL of
Triton X-100, and the resulting cell homogenates were centrifuged at 2500x g for 10
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min at 4 °C. The supernatants obtained were used in the ALP assay, where pNPP
served as the phosphatase substrate, and the kit-provided ALP acted as the standard.
Controls consisted of media or PEU fibers lacking Ca-TMP. Absorbance at 405 nm
was measured using a microplate reader (SpectraMax iD3) to quantify the ALP

activity.

2. 2. 12. Statistical Analysis

Data were submitted to normality (Shapiro—Wilk) and homogeneity of variance
(Levene) tests. Cell viability, fiber diameter, contact angle, and mechanical test data
were analyzed using one-way ANOVA followed by Tukey or Games—Howell post-hoc.
Cell viability on scaffolds and ALP activity data were analyzed using two-way ANOVA
followed by Sidak post-hoc test. Fluorescence images were analyzed qualitatively. All
the experiments were performed, on at least two different occasions, to verify their
reproducibility. Statistical inferences were based on a 5% significance level.

2. 3. Results

2. 3.1. Cell/Ca-TMP Interaction

To determine the cytocompatibility of pure Ca-TMP, we first evaluated the viability of
several increasing concentrations on SHEDs cells before including it in membrane
manufacturing. Initially, all concentrations decreased cell viability in a dose-dependent
way for 50 uM to 200 uM amounts. However, cell viability increased from day 1 to day
3 for all tested concentrations, with 50 uM showing the significantly highest viability.
From day 3 to day 5, there was a minor decrease in cell viability for all groups, but the
50 uM kept showing as the best concentration (Figure 1A). Based on this, we used
this amount of Ca-TMP to evaluate the alkaline phosphatase activity. The results of
ALP activity are shown in Figure 1B. After 14 days of culture, the Ca-TMP applied to
the osteogenic media promoted a significantly higher activity when compared to
osteogenic media only. The qualitative cell adhesion and spread staining results are
consistent with the quantitative findings, indicating no hindrance in cell spreading
caused by the concentration of Ca-TMP (Figure 1C). To determine the particle size, a
SEM analysis was performed. As depicted in Figure S1B, the particles ranged from

171 nm to 320 nm with an average size of 236 + 50 nm.
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Figure 1. Initial screening for Ca-TMP (10, 25, 50, 100, 150, and 200 yM) in contact
with SHEDs. (A) Percentage of cell viability (AlamarBlue®) normalized by the negative
control (NC) within each time point. Welch’s ANOVA/Games—Howell; a = 5%. (B)
Alkaline phosphatase (ALP) activity of SHEDs cells after 14 days. Data presented as
mean * SD. Two-way ANOVA/Tukey; a = 5%. (C) Representative fluorescence
images of SHEDs cells at days 1 and 3 stained by F-actin (ActinRed™ 555).

2. 3. 2. Morphological and Chemical Characterizations of the Fibers

The addition of Ca-TMP produced thicker fibers than pure PEU, except for the
PEU + 30% Ca-TMP group, which presented a thinner fiber diameter. Also, while the
pure fibers were visually smooth (Figure 2A), the SEM revealed Ca-TMP nanoparticle
precipitates present in the fibers, differing in shape and amount, within a nano-sized
scale, which was confirmed by the EDS analysis (Figure 2B-D). The PEU and
PEU/Ca-TMP-based membranes presented fiber diameters at 469 nm and 414-672

nm, respectively (Figure 2E). There were no significant differences (p > 0.05) in the
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percentage of porosity regardless of the presence and concentration of Ca-TMP
(Figure 2F). Lastly, the FTIR analysis also revealed Ca-TMP incorporation into the
membranes and PEU into the PEU-based membranes (Figure 3A). The broad stretch

at 3350-3500 cm~1 is for the N-H (urea), and the stretch at 1735 cm~1 is characteristic
of the C=0 (ester) bond stretching and confirms the presence of an ester bond. The

stretch at 1650—-1690 cm~" is typical of the C=0 (urea) bond stretching from the urea

and confirms the presence of the urea bond. The stretch around 1000-1300 cm~1

represents the C-O (ester) bond and the C-H (alkyl) bending. All these characteristic
signals confirm that we had successfully synthesized the poly(PHEG6XX-VAL-10XX)
PEU [31].
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Figure 2. Evaluation of chemical-morphological membranes. (A—D) Scanning electron
micro-scope (SEM) images, energy dispersive X-ray spectroscopy (EDS—



62

5000x magnification), and histogram of fiber diameter of PEU (control), 5% PEU +
15% Ca-TMP, 5% PEU + 30% Ca-TMP, and 5% PEU + 45% Ca-TMP, respectively.
(E) Fiber diameter, (F) scaffold porosity, and (G) swelling ratio evaluations (mean %
SD, p <0.05).

The X-ray diffraction pattern (Figure 3B) of Ca-TMP can be described as a
reflection at 29.45 degrees with FWHM of 0.35 degrees sitting on an amorphous halo,
which is the major portion of Ca-TMP that is amorphous with an estimated content of
93 wt%. The d-spacing of the crystalline phase is 3.03 angstrom based on Bragg’s
law, and the grain size is estimated to be around 23.5 nm from the peak width
according to the Scherrer equation. The as-synthesized PEU shows an amorphous
halo in the range from 15 to 37 degrees, which overlaps several diffractions, with the
major ones at 19.6 and 23.9 degrees. The PEU-Ca-TMP profiles can be roughly
viewed as the linear combination of PEU and Ca-TMP. The diffraction around 29.45
degrees is significantly weakened in these composites, suggesting the interaction
between PEU and Ca-TMP disrupted the crystallization of Ca-TMP.

The thermal gravimetric analysis (TGA) of the nanometer fibers also evidenced
the efficient incorporation of Ca-TMP, showing the thermal stability of the polymer up
to 250 °C. Above that temperature, a similar weight-loss pattern was observed for all
samples (Figure 3C). The degradation temperatures were detected around 250 °C,
260 °C, 285 °C, and 285 °C for PEU, PEU + 15% Ca-TMP, PEU + 30% Ca-TMP, and
PEU + 45% Ca-TMP fibers, respectively. When PEU and Ca-TMP interact, it can alter
the molecule’s structure. This can lead to stronger connections between scaffold
polymeric chains, resulting in improved thermal stability and higher degradation

temperatures.

2. 3. 3. Contact Angle

Regardless of the Ca-TMP content, all PEU-based membranes had a
hydrophobic surface with a contact angle greater than 90°, indicating low wettability (p
< 0.05). The PEU/Ca-TMP membranes containing 15, 30, and 45% of Ca-TMP
nanoparticles revealed a less hydrophobic surface than the pure PEU membrane, with
just the 15% Ca-TMP one being statistically different (p < 0.05) (Figure 3D,E).
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Figure 3. Evaluation of chemical-morphological membranes. (A) Fourier-transform
infrared spectroscopy (FTIR) spectra, (B) X-ray diffraction (XRD), (C)
thermogravimetric analysis (TGA) of electrospun fibers, and (D) contact angle data
presented as mean * SD, and (E) images formed be-tween water and the PEU- or
PEU/Ca-TMP-based membranes containing different concentrations.

2. 3. 4. Mechanical Properties, Swelling, and Degradation Profile
The average specimen thickness for each group was as follows: PEU = 0.25
mm, PEU + 15%Ca-TMP = 0.27 mm, PEU + 30%Ca-TMP = 0.28 mm, and PEU +
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45%Ca-TMP = 0.30 mm. The mechanical performance (e.g., elongation at break,
tensile strength, Young’s modulus, yield stress, and yield strain) of the fabricated
nanofiber membranes in wet and dry conditions are presented in Figure 4. The PEU
membranes showed a soft nature with moderate flexibility regardless of the storage
condition. There were no notable differences in elongation at break between the fibers
made from PEU, PEU + 15%Ca-TMP, and PEU + 45%Ca-TMP, in both dry and wet
conditions (p > 0.05). However, the PEU + 30%Ca-TMP group displayed an increase
in elongation compared to the PEU and PEU + 15%Ca-TMP groups in wet conditions
and compared to the PEU and PEU + 45%Ca-TMP groups in dry conditions (p < 0.05).
The groups observed a significant difference (p < 0.05) in the tensile strength between
wet and dry conditions, increasing tensile strength in the wet state. In terms of Young’s
modulus, all the groups demonstrated an increase in modulus and a significant
difference in the wet versus dry conditions (p < 0.05), except for the comparison
between the PEU + 45%Ca-TMP group in the wet state and the PEU + 15%Ca-TMP
group in the dry state (p > 0.05).

The strain—stress curve showed that the yield stress was 1.05 £ 0.16 MPa for
mats made of pure PEU in the wet condition. However, mats loaded with 15/30/45%
Ca-TMP and PEU had higher yield stress values of 1.99 + 0.46, 2.01 £ 0.38, and 2.06
+ 0.59 MPa, respectively. This indicates that adding Ca-TMP significantly increased
the yield stress compared to the dry condition and even to PEU alone (p < 0.05). In
the dry state, the yield stress of pure PEU was found to be 0.70 + 0.05. For PEU mixed
with 15%, 30%, and 45% Ca-TMP, the yield stress was 0.67 £ 0.21, 1.37 £ 0.27, and
0.69 + 0.14 MPa, respectively. There was no significant difference between the
groups, except for the PEU mixed with 30% Ca-TMP. The yield strain graph for PEU
and PEU-loaded with 15/30/45% Ca-TMP electrospun mats showed that in wet
conditions, the percentages were 13.79 £ 2.33, 17.38 £ 0.95, 19.43 + 3.59, and 17.20
+ 2.66%, respectively. In dry conditions, the percentages were 32.82 + 6.04, 27.40 +
3.64, 22.77 £ 5.57, and 21.97 1+ 4.98% for the PEU and PEU-loaded with 15/30/45%
Ca-TMP, respectively. As a result, the Ca-TMP groups had a lower yield strain in wet
conditions compared to dry conditions, with a significant difference in the PEU
+15%Ca-TMP (p < 0.05).

Based on the swelling profile results, it was observed that the introduction of
Ca-TMP particles had an impact on the swelling properties of the fibers. The swelling
percentage increased for PEU + 15%Ca-TMP and PEU + 30%Ca-TMP compared to



65

pure PEU. Additionally, PEU + 45%Ca-TMP had the highest swelling ratio among all
groups, which was statistically significant (Figure 2G). Regarding the degradation
profile of the various PEU-based membranes, all groups demonstrated high stability
through the degradation process (Figure 5A). Pure PEU presented ~96% and ~100%
remaining mass by day 91, the PEU + 15% Ca-TMP fibers had about ~94% and ~95%
of the remaining mass, followed by ~88% and ~92% for PEU + 30% Ca-TMP and
~85% and 87% for PEU + 45%Ca-TMP fibers, incubated in PBS and lipase,
respectively. In this way, we demonstrated that adding Ca-TMP changed the
degradation profile of the fibers in a concentration-dependent manner; however, it is
important to mention that all groups maintained their stability from day 1 to day 91,

with minimal variation in mass loss once they reached a plateau.
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Figure 4. Mechanical characterization of membranes. Elongation at break (%), tensile
strength (MPa), Young’s modulus (MPa), yield stress (MPa), and yield strain (%)
graphs of dry and wet PEU fibers loaded with Ca-TMP. Data presented as (mean %
SD). Two-way ANOVA/Tukey; a = 5%. Significant interaction between variables for
yield stress (MPa) and yield strain (%), p-value = 0.0037 and 0.0004, respectively.

2. 3. 5. Calcium Release
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The cumulative amount of calcium deposition was measured over 21 days and
showed no calcium release for samples incubated in PBS. However, conditioning in
lipase solution, the PEU + 45% Ca-TMP group showed a burst release of 0.793 +
0.031 pg/pL after one day of incubation. For day 3, the values rose slightly to 0.821 £
0.098 pg/uL, meaning that little new calcium was released, possibly due to the short
time between readings (2 days). From day 7 to 21, the release of calcium increased
in a higher fashion, reaching 0.882 + 0.040 and 1.014 + 0.184 pg/uL for days 7 and
14, respectively, peaking at day 21, with 1.069 £ 0.215 pg/pL (Figure 5B).
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Figure 5. Membrane degradation and total calcium release quantification. (A)
Degradation of electrospun membranes conditioned in PBS and lipase-enriched
solutions over 91 days. Note the greater dimensional stability of the membranes even
after 3 months of incubation. (B) Calcium ion release profile from the electrospun fibers
immersed in a lipase-enriched solution derived over 21 days. Note the minimal calcium

released from the fiber after 3 weeks of incubation. Data presented as (mean + SD).

2. 3. 6. Cell/Scaffold Interaction

Throughout the time points, all scaffolds’ formulations significantly increased
intragroup cell viability (lowercase letters, p < 0.0001). However, when analyzing
within the same time point, no differences were found regardless of the composition
of the scaffold (uppercase letters, p > 0.05). Overall, all groups presented cell viability
of ~100%, ~700%, and 1170% on days 1, 3, and 7, respectively (Figure 6A). All
scaffolds containing Ca-TMP showed better cell adhesion when compared with pure
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PEU fibers, with intensified cell spreading observed for Ca-TMP-incorporated fibers at
7 days (Figure 6C). At day 7, the pure PEU and PEU + 45% Ca-TMP fibers cultivated
in basal (-0.09 £ 0.06 and 1.02 + 0.62 ng/mL) and osteogenic media (2.15 £ 0.05 and

4.46 £ 1.73 ng/mL) were different when comparing over media (lowercase letters, p <

0.05), but similar values within the same treatment (uppercase letters, p > 0.05). In a
late analysis (day 14), pure PEU and PEU + 45% Ca-TMP fibers cultivated in basal
(7.65 £ 0.80 and 3.44 £ 0.34 ng/mL) and osteogenic media (11.00 + 2.20 and 8.41
1.64 ng/mL) PEU + 45% Ca-MP resulted in a significant decrease compared to the

pure PEU group regardless of the median conditioned (p < 0.0001) (Figure 6B).
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Figure 6. SHEDs cells and Ca-TMP electrospun membranes interaction. (A)
Percentage of cell viability (AlamarBlue®) normalized by the PEU without Ca-TMP at
day 1 value. Data presented as mean £ SD, p < 0.05. (B) Alkaline phosphatase (ALP)
activity of SHEDs cells after 7 and 14 days. Repeated measures ANOVA/Sidak post-
hoc; a = 5%. (C) Representative fluorescence images of SHED cells spread over the
membranes at 1, 3, and 7 days stained by F-actin (ActinGreen™ 488).

2. 4. Discussion

In this study, we extensively investigated the morphology and chemical
composition of PEU membranes loaded with Ca-TMP, a calcium phosphate
compound that has been explored for its potential use in biomedical applications due
to its biocompatibility and ability to promote mineralization. In our study, we conducted
an initial concentration screening of Ca-TMP to evaluate its cytocompatibility and
determine the optimal concentrations to be incorporated into membranes. Our
experiments found that the cells reacted positively to the material in a controlled
environment. We noticed that specific concentrations of Ca-TMP were especially
beneficial for the growth and multiplication of cells. Based on these results, we decided
to include three concentrations of Ca-TMP in the PEU-based membranes.

According to the SEM micrographs, the membranes showed notable
differences in fiber morphology, influenced by the polymer system and the
incorporated Ca-TMP content. Membranes from the pure PEU group had more
homogeneous fibers, while membranes based on PEU/Ca-TMP showed fibers with a
larger diameter than PEU. Therefore, increasing Ca-TMP concentration resulted in an
increased diameter, except for the group containing 30% Ca-TMP. This may be due
to viscosity changes leading to stronger chain entanglement leading to a greater fiber
formation [32]. Furthermore, the SEM images showed that the percentage of porosity
did not change with incorporating Ca-TMP into the PEU scaffold formulation. Overall,
different morphological characteristics may play a role in structural properties, such as
degradation and mechanical properties. These two factors are critical aspects when
considering the modification of the PEU materials [26].

Ca-TMP integration was confirmed through visual observation using SEM and
identification using EDS. FTIR and XRD were subsequently used to verify the
successful integration. Together, these results confirmed the chemical characteristics
of the membranes synthesized in the study. When creating scaffolds, it is crucial to
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consider wettability. This can affect how cells attach, multiply, differentiate, and
ultimately re-generate tissue once the scaffolds come into contact with moisture (i.e.,
body fluids present at the site of periodontal surgery). Many studies have shown that
hydrophilic scaffolds have a higher affinity for cells, improving cell proliferation and
wound healing [33,34]. According to our findings, all PEU-based membranes had a
hydrophobic surface (i.e., contact angle greater than 90°), showing poor wettability
[35]. However, when Ca-TMP was added to the PEU membrane, the contact angle
was reduced, but not enough to transform the membrane from hydrophobic to
hydrophilic, possibly due to the high hydrophobicity of sodium trimetaphosphate [22].

Despite the unfavorable hydrophobicity of the membranes, the scaffolds
showed adequate morphology and chemical composition. For a membrane to be
clinically useful, it needs to have satisfactory mechanical properties to prevent the
collapse in periodontal defects as a result of compressive forces from soft tissues and
mastication [6,36] and to resist cell adhesion and proliferation [6,36,37]. Considering
these important characteristics, PEU was used due to its ability to be adjustable and
controlled from the moment there is a change in the chemical composition of the
compound. Our results showed that the mechanical properties of the PEU/Ca-TMP
fibers were comparable to those of pure PEU in terms of elongation at break, except
for the PEU +30%Ca-TMP. For the tensile strength and modulus of elasticity, all the
groups exhibited high values in wet compared to dry conditions. Furthermore, in
general, we observed significant differences in mechanical behavior between the dry
and wet conditions for the scaffolds, even due to the high hydrophobicity of the
material, which hindered the promotion of wettability on the surface of the membranes
[6].

Although PEU is a material that offers great flexibility in modifying its amino acid
chains to tune its mechanical properties, our work has shown that the PEU
membranes we tested had a relatively low tensile strength, measuring around 1 MPa.
To achieve optimal performance in periodontal regeneration, studies have suggested
that a material with a tensile strength of 2 to 3 MPa, similar to the extracellular matrix
(ECM), would be ideal [38]. The increase in stiffness and decrease in yield strain of
electrospun membranes loaded with Ca-TMP in the wet condition compared to dry is
probably because the fibers suffer from shrinkage after being kept at 37 °C for 24 h,
promoting high stiffness and less elastic movement. Therefore, further modifications

to the amino acid chains or other techniques may be necessary to enhance the
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mechanical properties of PEU fibers and optimize their performance for periodontal
regeneration applications. Incorporating Ca-TMP into the material resulted in some
improvement in its mechanical properties, but the observed differences were not
significant enough to alter the overall mechanical behavior of the material.

A critical factor for scaffolds is their biodegradability. Typically, after
implantation, the mechanical strength of membranes diminishes, and they lose their
ability to serve as a physical barrier between tissues [27,39-45]. The degradation rate
of a membrane is a critical factor in tissue regeneration, as these membranes need to
remain functional for a minimum of 4 to 6 weeks to facilitate successful regeneration
of the periodontal system and surface coverings. Moreover, the fibers’ degradation
rate needs to match the tissue neoformation [3,40,46,47]. Consequently, having
control over the degradation process of fibrous membranes becomes crucial in
ensuring their efficacy. The present article shows that PEU and PEU/Ca-TMP fibers
show high stability, with a low degradation rate of approximately > 80% for all groups
after 3 months. This may have happened because, again, changing the PEU’s
chemical composition alters its mechanical properties. However, it was not enough to
promote greater degradability of the material [13].

Calcium is widely recognized as a crucial factor in osteoinduction, as it plays a
significant role in affecting the growth and specialization of cells [48,49]. Successful
incorporation of substances into the manufacture of membranes must also be
accompanied by the ability to release them at an appropriate rate. Although we
confirmed the successful incorporation of Ca-TMP into the fibers via several methods,
our study revealed that the Ca-TMP-incorporated membranes exhibited insufficient
degradability to effectively re-lease calcium since, even for the PEU membrane loaded
with the higher Ca-TMP tested (45%), minimal calcium was released after 21 days of
incubation. This is related to the fact that the degradation rate was low, as previously
described, showing high stability at day 91 and not being sufficient to promote high
calcium release and stimulate the differentiation of cells [50]. Even though calcium
(Ca?*) was not released in large amounts from the membranes, it is still important to
evaluate its effectiveness, as it is an essential signal transduction element involved in
regulating various cellular activities and is required at key stages of the cell cycle to
ensure orderly progression and proliferation [51]. Whit this in mind, we investigated
cell compatibility using human dental pulp stem cells (SHEDs), knowing their

significant potential for osteogenic differentiation [52], key in periodontal bone
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regeneration. The results demonstrated no differences in cell viability for the four
tested membranes over the three time points, mainly due to insufficient calcium
released to stimulate cell proliferation [53,54]. The same happened with the alkaline
phosphatase data; after seven days, the Ca-TMP group showed higher mineral
differentiation activity but not enough to promote a significant difference between them
and the osteogenic medium. However, although the scaffold did not promote
osteogenic differentiation, it was clear that the membranes were not cytotoxic and
even promoted better cell distribution and filopodia development.

In addition to PEU hindering degradation and drug release, the use of Ca-TMP
seems to be another key factor in their unfavorable findings, as its synthesis is derived
from STMP, which is used as a traditional scaffold crosslinker, responsible for the
addition of intra- and intermolecular bonds at random locations in the polymer through
an esterification reaction [55-57]. Although we worked with calcium trimetaphosphate,
in the material synthesis process, sodium was removed, and calcium was added,
maintaining its morphology [trimetaphosphate (P309)-3] [58]. Because of this, adding
calcium to the trimetaphosphate could have promoted a crosslinking process in the
PEU membrane, further increasing the material’s mechanical properties and not being
suitable for promoting periodontal regeneration. However, the findings of this study
must be considered despite the unexpected results since the polymer itself is subject
to changes in its structure to improve its response, and the biomaterial has never had
its cytotoxicity evaluated. Also, further investigations are essential to discover whether
another polymer is favorable for Ca-TMP release and promotes periodontal

regeneration.

2. 5. Conclusions

The present study found that pure Ca-TMP powder at 50 uM concentration
improved stem cells’ cell viability and ALP activity from human exfoliated deciduous
teeth when they came in direct contact with it. Additionally, Ca-TMP-loaded PEU
membranes were successfully made with suitable surface topography and mechanical
properties. While the PEU membranes containing Ca-TMP did not negatively impact
cell viability and proliferation, they did not affect osteogenic differentiation.
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Supplementary Materials: The following supporting information can be downloaded
at www.mdpi.com/xxx/s1, Figure S1: (A) 1H NMR spectra of 50% PHE6 P(1-VAL-10)
with integration values and corresponding peak assignments. (B) Scanning electron
microscope (SEM) image of the pure Ca-TMP powder and histogram showing the
particle size distribution; Figure S2: force-strain and stress-strain curves for all groups
in dry and wet conditions.
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ANEXO C
NORMAS DE APRESENTAGAO DO PERIODICO JOURNAL OF THE
MECHANICAL BEHAVIOR OF BIOMEDICAL MATERIALS

We now differentiate between the requirements for new and revised submissions. You
may choose to submit your manuscript as a single Word or PDF file to be used in the
refereeing process. Only when your paper is at the revision stage, will you be
requested to put your paper in to a 'correct format' for acceptance and provide the
items required for the publication of your article.

To find out more, please visit the Preparation section below.

Introduction

Authors are requested to submit a cover letter that clearly states the novelty of the
work presented in their manuscript.

Types of Contributions

Research Paper: A full-length article describing original research. There is no limit on
the number of words, figures etc but authors should be as succinct as possible.
Review Article: An article which reviews previous work in a given field. Reviews are
written by invitation only but the editor would welcome suggestions.

Technical Note: A short article describing a new experimental technique or analytical
approach.

Short Communication: An article presenting new work in reduced form, which for some
reason is not suitable for a full research paper. For example a case study.

Opinion Piece: A short article presenting the author's opinion on a particular question.
Normally shorter and less comprehensive than a review article, making use of
published and/or unpublished results.

Tutorial: An article of an educational nature, explaining how to use a particular
experimental technique or analytical method. Normally written by invitation only but
the editor welcomes suggestions.

Please ensure that you select the appropriate article type from the list of options when
making your submission. Authors contributing to special issues should ensure that
they select the special issue article type from this list.

The journal also accepts letters, which should be sent directly to the editor in chief for

consideration.
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Submission checklist

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:

* E-mail address

* Full postal address

All necessary files have been uploaded:

Manuscript:

* Include keywords

+ All figures (include relevant captions)

+ All tables (including titles, description, footnotes)

 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

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

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

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

* 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
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Ethics in publishing

Please see our information on Ethics in publishing.

Declaration of competing interest

All authors must disclose any financial and personal relationships with other people or
organizations that could inappropriately influence (bias) their work. Examples of
potential conflicts of interest include employment, consultancies, stock ownership,
honoraria, paid expert testimony, patent applications/registrations, and grants or other
funding. Authors should complete the declaration of competing interest statement
using this template and upload to the submission system at the Attach/Upload Files
step. Note: Please do not convert the .docx template to another file type. Author
signatures are not required. If there are no interests to declare, please choose the first
option in the template. More information.

Declaration of generative Al in scientific writing

The below guidance only refers to the writing process, and not to the use of Al tools
to analyse and draw insights from data as part of the research process.

Where authors use generative artificial intelligence (Al) and Al-assisted technologies
in the writing process, authors should only use these technologies to improve
readability and language. Applying the technology should be done with human
oversight and control, and authors should carefully review and edit the result, as Al
can generate authoritative-sounding output that can be incorrect, incomplete or
biased. Al and Al-assisted technologies should not be listed as an author or co-author,
or be cited as an author. Authorship implies responsibilities and tasks that can only be
attributed to and performed by humans, as outlined in Elsevier’s Al policy for authors.

Authors should disclose in their manuscript the use of Al and Al-assisted technologies
in the writing process by following the instructions below. A statement will appear in
the published work. Please note that authors are ultimately responsible and

accountable for the contents of the work.

Disclosure instructions
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Authors must disclose the use of generative Al and Al-assisted technologies in the
writing process by adding a statement at the end of their manuscript in the core
manuscript file, before the References list. The statement should be placed in a new
section entitled ‘Declaration of Generative Al and Al-assisted technologies in the

writing process’.

Statement: During the preparation of this work the author(s) used [NAME TOOL /
SERVICE] in order to [REASON]. After using this tool/service, the author(s) reviewed
and edited the content as needed and take(s) full responsibility for the content of the
publication.

This declaration does not apply to the use of basic tools for checking grammar,
spelling, references etc. If there is nothing to disclose, there is no need to add a

statement.

Submission declaration and verification

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,
in English 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.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's
sharing policy. Sharing your preprints e.g. on a preprint server will not count as prior
publication (see 'Multiple, redundant or concurrent publication' for more information).

Preprint posting on SSRN
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In support of Open Science, this journal offers its authors a free preprint posting
service. Preprints provide early registration and dissemination of your research, which
facilitates early citations and collaboration.

During submission to Editorial Manager, you can choose to release your manuscript
publicly as a preprint on the preprint server SSRN once it enters peer-review with the
journal. Your choice will have no effect on the editorial process or outcome with the
journal. Please note that the corresponding author is expected to seek approval from

all co-authors before agreeing to release the manuscript publicly on SSRN.

You will be notified via email when your preprint is posted online and a Digital Object
Identifier (DOI) is assigned. Your preprint will remain globally available free to read

whether the journal accepts or rejects your manuscript.

For more information about posting to SSRN, please consult the SSRN Terms of Use
and FAQs.

Use of inclusive language

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
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point of reference to help identify appropriate language but are by no means
exhaustive or definitive.

Reporting sex- and gender-based analyses

Reporting guidance

For research involving or pertaining to humans, animals or eukaryotic cells,
investigators should integrate sex and gender-based analyses (SGBA) into their
research design according to funder/sponsor requirements and best practices within
a field. Authors should address the sex and/or gender dimensions of their research in
their article. In cases where they cannot, they should discuss this as a limitation to
their research's generalizability. Importantly, authors should explicitly state what
definitions of sex and/or gender they are applying to enhance the precision, rigor and
reproducibility of their research and to avoid ambiguity or conflation of terms and the
constructs to which they refer (see Definitions section below). Authors can refer to the
Sex and Gender Equity in Research (SAGER) guidelines and the SAGER guidelines
checklist. These offer systematic approaches to the use and editorial review of sex
and gender information in study design, data analysis, outcome reporting and research
interpretation - however, please note there is no single, universally agreed-upon set
of guidelines for defining sex and gender.

Definitions

Sex generally refers to a set of biological attributes that are associated with physical
and physiological features (e.g., chromosomal genotype, hormonal levels, internal and
external anatomy). A binary sex categorization (male/female) is usually designated at
birth (""sex assigned at birth™), most often based solely on the visible external
anatomy of a newborn. Gender generally refers to socially constructed roles,
behaviors, and identities of women, men and gender-diverse people that occur in a
historical and cultural context and may vary across societies and over time. Gender
influences how people view themselves and each other, how they behave and interact
and how power is distributed in society. Sex and gender are often incorrectly portrayed
as binary (female/male or woman/man) and unchanging whereas these constructs
actually exist along a spectrum and include additional sex categorizations and gender

identities such as people who are intersex/have differences of sex development (DSD)

or identify as non-binary. Moreover, the terms ""sex" and ""gender" can be

ambiguous—thus it is important for authors to define the manner in which they are
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used. In addition to this definition guidance and the SAGER guidelines, the resources

on this page offer further insight around sex and gender in research studies.

Author contributions

For transparency, we require corresponding authors to provide co-author contributions
to the manuscript using the relevant CRediT roles. The CRediT taxonomy includes 14
different roles describing each contributor's specific contribution to the scholarly
output. The roles are: Conceptualization; Data curation; Formal analysis; Funding
acquisition; Investigation; Methodology; Project administration; Resources; Software;
Supervision; Validation; Visualization; Roles/Writing - original draft; and Writing -
review & editing. Note that not all roles may apply to every manuscript, and authors
may have contributed through multiple roles. More details and an example.

Changes to authorship

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.

Article transfer service

This journal uses the Elsevier Article Transfer Service to find the best home for your
manuscript. This means that if an editor feels your manuscript is more suitable for an
alternative journal, you might be asked to consider transferring the manuscript to such
a journal. The recommendation might be provided by a Journal Editor, a dedicated
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Scientific Managing Editor, a tool assisted recommendation, or a combination. If you
agree, your manuscript will be transferred, though you will have the opportunity to
make changes to the manuscript before the submission is complete. Please note that
your manuscript will be independently reviewed by the new journal. More information.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
Agreement' (see more information on this). 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.
Role of the funding source

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;
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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.

Open access

Please visit our Open Access page for more information about open access publishing
in this journal.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-
career researchers throughout their research journey. The "Learn" environment at
Researcher Academy offers several interactive modules, webinars, downloadable
guides and resources to guide you through the process of writing for research and
going through peer review. Feel free to use these free resources to improve your
submission and navigate the publication process with ease.

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 Language Editing service available from
Elsevier's Language Services.

Submission

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.
Preparation

Queries

For questions about the editorial process (including the status of manuscripts under
review) or for technical support on submissions, please visit our Support Center.
NEW SUBMISSIONS
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Submission to this journal proceeds totally online and you will be guided stepwise
through the creation and uploading of your files. The system automatically converts
your files to a single PDF file, which is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your
manuscript as a single file to be used in the refereeing process. This can be a PDF file
or a Word document, in any format or lay-out that can be used by referees to evaluate
your manuscript. It should contain high enough quality figures for refereeing. If you
prefer to do so, you may still provide all or some of the source files at the initial
submission. Please note that individual figure files larger than 10 MB must be
uploaded separately.

References

There are no strict requirements on reference formatting at submission. References
can be in any style or format as long as the style is consistent. Where applicable,
author(s) name(s), journal title/book title, chapter title/article title, year of publication,
volume number/book chapter and the article number or pagination must be present.
Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the
essential elements needed to convey your manuscript, for example Abstract,
Keywords, Introduction, Materials and Methods, Results, Conclusions, Artwork and
Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should
be included in your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to
the relevant text in the manuscript, rather than at the bottom or the top of the file. The
corresponding caption should be placed directly below the figure or table.

Peer review

This journal operates a single anonymized review process. All contributions will be
initially assessed by the editor for suitability for the journal. Papers deemed suitable
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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.

REVISED SUBMISSIONS

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide
us with an editable file of the entire article. Keep the layout of the text as simple as
possible. Most formatting codes will be removed and replaced on processing the
article. The electronic text should be prepared in a way very similar to that of
conventional manuscripts (see also the Guide to Publishing with Elsevier). See also
the section on Electronic artwork.

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

LaTeX

You are recommended to use the Elsevier article class elsarticle.cls to prepare your
manuscript and BibTeX to generate your bibliography.

Our LaTeX site has detailed submission instructions, templates and other information.
Article structure

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

State the objectives of the work and provide an adequate background, avoiding a
detailed literature survey or a summary of the results.

Material and methods
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Provide sufficient details to allow the work to be reproduced by an independent
researcher. Methods that are already published should be summarized, and indicated
by a reference. If quoting directly from a previously published method, use quotation
marks and also cite the source. Any modifications to existing methods should also be
described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt
with in the Introduction and lay the foundation for further work. In contrast, a
Calculation section represents a practical development from a theoretical basis.
Results

Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A
combined Results and Discussion section is often appropriate. Avoid extensive
citations and discussion of published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section,
which may stand alone or form a subsection of a Discussion or Results and Discussion
section.

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.

Essential title page information

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

* 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
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address of each affiliation, including the country name and, if available, the e-mail
address of each author.

« 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.

* 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 name. 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

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 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).

Abstract

A concise and factual abstract is required. The abstract should state briefly the
purpose of the research, the principal results and major conclusions. An abstract is
often presented separately from the article, so it must be able to stand alone. For this
reason, References should be avoided, but if essential, then cite the author(s) and
year(s). Also, non-standard or uncommon abbreviations should be avoided, but if
essential they must be defined at their first mention in the abstract itself.

Graphical abstract

A graphical abstract is mandatory for this journal. It should summarize the contents of
the article in a concise, pictorial form designed to capture the attention of a wide
readership online. Authors must provide images that clearly represent the work
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described in the article. Graphical abstracts should be submitted as a 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.

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
xxxXx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz];
and the United States Institutes of Peace [grant number aaaa].

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.
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Units

Follow internationally accepted rules and conventions: use the international system of
units (Sl). If other quantities are mentioned, give their equivalent in Sl. Authors wishing
to present a table of nomenclature should do so on the second page of their
manuscript.

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 build footnotes into the text, and this feature may be
used. Should this not be the case, indicate the position of footnotes in the text and
present the footnotes themselves separately at the end of the article.

Artwork

Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.

* Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.
* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Indicate per figure if it is a single, 1.5 or 2-column fitting image.

* For Word submissions only, you may still provide figures and their captions, and
tables within a single file at the revision stage.

* Please note that individual figure files larger than 10 MB must be provided in separate
source files.

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
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Regardless of the application used, 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 the font or save the text as 'graphics’.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of
300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum
of 500 dpi is required.

Please do not:

» Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the
resolution is too low.

* Supply files that are too low in resolution.

« 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 appear in color online (e.g., ScienceDirect
and other sites) in addition to color reproduction in print. Further information on the
preparation of electronic artwork.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not
on the figure itself) and a description of the illustration. Keep text in the illustrations
themselves to a minimum but explain all symbols and abbreviations used.

Tables

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
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presented in them do not duplicate results described elsewhere in the article. Please
avoid using vertical rules and shading in table cells.

References

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
DOl is highly encouraged.

A DOl 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/10.1029/2001JB000884. 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.g., after the reference list) under a different heading if desired, or can be
included in the reference list.

Data references
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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 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 formatting

There are no strict requirements on reference formatting at submission. References
can be in any style or format as long as the style is consistent. Where applicable,
author(s) name(s), journal title/book title, chapter title/article title, year of publication,
volume number/book chapter and the article number or pagination must be present.
Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data
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will be highlighted at proof stage for the author to correct. If you do wish to format the
references yourself they should be arranged according to the following examples:
Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the
year of publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al.' and the year of
publication.

Citations may be made directly (or parenthetically). Groups of references can be listed
either first alphabetically, then chronologically, or vice versa.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999)....
Or, as demonstrated (Jones, 1999; Allan, 2000)... Kramer et al. (2010) have recently
shown ...'

List: References should be arranged first alphabetically and then further sorted
chronologically if necessary. More than one reference from the same author(s) in the
same year must be identified by the letters 'a’, 'b', 'c', etc., placed after the year of
publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific
article. J. Sci. Commun. 163, 51-59. https://doi.org/10.1016/j.S¢c.2010.00372.
Reference to a journal publication with an article number:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2018. The art of writing a scientific
article. Heliyon. 19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.
Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New
York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article,
in: Jones, B.S., Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing
Inc., New York, pp. 281-304.

Reference to a website:
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Cancer Research UK, 1975. Cancer statistics reports for the UK
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/ (accessed
13 March 2003).

Reference to a dataset:

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

Reference to software:

Coon, E., Berndt, M., Jan, A., Svyatsky, D., Atchley, A., Kikinzon, E., Harp, D., Manzini,
G., Shelef, E., Lipnikov, K., Garimella, R., Xu, C., Moulton, D., Karra, S., Painter, S.,
Jafarov, E., & Molins, S., 2020. Advanced Terrestrial Simulator (ATS) v0.88 (Version
0.88). Zenodo. https://doi.org/10.5281/zenodo.3727209.

Journal abbreviations source

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

Video

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.
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Data visualization

Include interactive data visualizations in your publication and let your readers interact
and engage more closely with your research. Follow the instructions here to find out
about available data visualization options and how to include them with your article.
Supplementary material

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.

Research data

This journal requires 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 data refers to the results of observations or
experimentation that validate research findings, which may also include 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. When
sharing data in one of these ways, you are expected 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
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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 a 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).

Research Elements

This journal enables you to publish research objects related to your original research
— such as data, methods, protocols, software and hardware — as an additional paper
in a Research Elements journal.

Research Elements is a suite of peer-reviewed, open access journals which make
your research objects findable, accessible and reusable. Articles place research
objects into context by providing detailed descriptions of objects and their application,
and linking to the associated original research articles. Research Elements articles

can be prepared by you, or by one of your collaborators.

During submission, you will be alerted to the opportunity to prepare and submit a
manuscript to one of the Research Elements journals.

More information can be found on the Research Elements page.

Data statement

To foster transparency, we require you to state the availability of your data in your
submission if your data is unavailable to access or unsuitable to post. This may also
be a requirement of your funding body or institution. You will have the opportunity to
provide a data statement during the submission process. The statement will appear
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with your published article on ScienceDirect. For more information, visit the Data
Statement page..
After acceptance

Online proof correction

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.

Offprints

The corresponding author will, at no cost, receive 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.
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.

Author inquiries
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Visit the Elsevier Support Center to find the answers you need. Here you will find
everything from Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted
article will be published.
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ANEXO D
NORMAS DE APRESENTAGAO DO PERIODICO JOURNAL OF FUNCTIONAL
BIOMATERIALS

Manuscript Submission Overview
Types of Publications

JFB has no restrictions on the maximum length of manuscripts, provided that the text
is concise and comprehensive. Full experimental details must be provided so that the
results can be reproduced. JFB requires that authors publish all experimental controls
and make full datasets available where possible (see the guidelines
on Supplementary Materials and references to unpublished data).

Manuscripts submitted to JFB should neither be published previously nor be under
consideration for publication in another journal. The main article types are as follows:

e Article: Original research manuscripts. The journal considers all original
research manuscripts provided that the work reports scientifically sound
experiments and provides a substantial amount of new information. Authors
should not unnecessarily divide their work into several related manuscripts,
although short Communications of preliminary, but significant, results will be
considered. The quality and impact of the study will be considered during peer
review.

e Review: These provide concise and precise updates on the latest progress
made in a given area of research. Systematic reviews should follow the
PRISMA guidelines.

Submission Process

Manuscripts for JFB should be submitted online at susy.mdpi.com. The submitting
author, who is generally the corresponding author, is responsible for the manuscript
during the submission and peer-review process. The submitting author must ensure
that all eligible co-authors have been included in the author list (read the criteria to
qualify for authorship) and that they have all read and approved the submitted
version of the manuscript. To submit your manuscript, register and log in to
the submission website. Once you have registered, click here to go to the
submission form for JFB. All co-authors can see the manuscript details in the
submission system, if they register and log in using the e-mail address provided during
manuscript submission.

Accepted File Formats

Authors are encouraged to use the Microsoft Word template or LaTeX template to
prepare their manuscript. Using the template file will substantially shorten the time to
complete copy-editing and publication of accepted manuscripts. The total amount of
data for all files must not exceed 120 MB. If this is a problem, please contact the
Editorial Office jfb@mdpi.com. Accepted file formats are:



https://www.mdpi.com/journal/jfb/instructions#suppmaterials
https://www.mdpi.com/editorial_process#standards
https://susy.mdpi.com/
https://www.mdpi.com/journal/jfb/instructions#authorship
https://www.mdpi.com/journal/jfb/instructions#authorship
https://susy.mdpi.com/
https://www.mdpi.com/user/manuscripts/upload/?journal=jfb
https://www.mdpi.com/user/manuscripts/upload/?journal=jfb
https://www.mdpi.com/user/manuscripts/upload/?journal=jfb
https://www.mdpi.com/user/manuscripts/upload/?journal=jfb
https://www.mdpi.com/files/word-templates/jfb-template.dot
https://www.mdpi.com/authors/latex
mailto:jfb@mdpi.com
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e Microsoft Word: Manuscripts prepared in Microsoft Word must be converted
into a single file before submission. When preparing manuscripts in Microsoft
Word, we encourage you to use the JFB Microsoft Word template file. Please
insert your graphics (schemes, figures, etc.) in the main text after the paragraph
of its first citation.

e LaTeX: Manuscripts prepared in LaTeX must be collated into one ZIP folder
(including all source files and images, so that the Editorial Office can recompile
the submitted PDF). When preparing manuscripts in LaTeX, we encourage you
to use the JFBLaTeX template files. You can now also use the online
application writeLaTeX to submit articles directly to JFB. The MDPI LaTeX
template file should be selected from the writeLaTeX template gallery.

e Supplementary files: May be any format, but it is recommended that you use
common, non-proprietary formats where possible (see below for further
details).

Disclaimer: Usage of these templates is exclusively intended for submission to
the journal for peer-review, and strictly limited to this purpose and it cannot be
used for posting online on preprint servers or other websites.

Free Format Submission

JFB now accepts free format submission:

e We do not have strict formatting requirements, but all manuscripts must contain
the required sections: Author Information, Abstract, Keywords, Introduction,
Materials & Methods, Results, Conclusions, Figures and Tables with Captions,
Funding Information, Author Contributions, Conflict of Interest and other Ethics
Statements. Check the Journal Instructions for Authors for more details.

e Your references may be in any style, provided that you use the consistent
formatting throughout. It is essential to include author(s) name(s), journal or
book title, article or chapter title (where required), year of publication, volume
and issue (where appropriate) and pagination. DOl numbers (Digital Object
Identifier) are not mandatory but highly encouraged. The bibliography software
package EndNote, Zotero, Mendeley, Reference Manager are recommended.

e When your manuscript reaches the revision stage, you will be requested to
format the manuscript according to the journal guidelines.

Cover Letter

A cover letter must be included with each manuscript submission. It should be concise
and explain why the content of the paper is significant, placing the findings in the
context of existing work. It should explain why the manuscript fits the scope of the
journal.

Any prior submissions of the manuscript to MDPI journals must be acknowledged. If
this is the case, it is strongly recommended that the previous manuscript ID is provided
in the submission system, which will ease your current submission process. The
names of proposed and excluded reviewers should be provided in the submission
system, not in the cover letter.


https://www.mdpi.com/files/word-templates/jfb-template.dot
https://www.mdpi.com/files/word-templates/jfb-template.dot
https://www.mdpi.com/files/word-templates/jfb-template.dot
https://www.mdpi.com/authors/latex
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http://www.writelatex.com/
https://www.writelatex.com/templates/mdpi-article-template/fvjngfxymnbr
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https://www.mdpi.com/journal/jfb/instructions
https://www.zotero.org/
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All cover letters are required to include the statements:

e We confirm that neither the manuscript nor any parts of its content are currently
under consideration or published in another journal.

e All authors have approved the manuscript and agree with its submission to
(journal name).

Author ldentification

Authors are encouraged to add a biography (maximum 150 words) to the submission
and upload it to SciProfiles. This should be a single paragraph and should contain
the following points:

1. Authors’ full names followed by current positions;

2. Education background including institution information and year of graduation
(type and level of degree received);

3. Work experience;
4. Current and previous research interests;
5. Memberships of professional societies and awards received.

If a manuscript is accepted for publication, we will add an icon linking to your
online ORCID profile in the final version of the published paper.

Author Affiliation

All authors should list their current affiliation and the affiliation where most research
was carried out for the preparation of their manuscript. We recommend adding as
primary the affiliation where most of the research was conducted or supported, but
please check with your institution for any contractual agreement requirements.

It is very important that author names and affiliations are correct. Incorrect information
can mean a lack of proper attribution or incorrect citation and can even lead to
problems with promotion or funding. After the publication of an article, updates or
corrections to the author’s address or affiliation may not be permitted.

Independent Researcher

If one or all the authors are not currently affiliated with a university, institution or
company, or have not been during the development of the manuscript, they should list
themselves as an “Independent Researcher”.

Manuscript Preparation

General Considerations

e Research manuscripts should comprise:

o Front matter: Title, Author list, Affiliations, Abstract, Keywords.


https://sciprofiles.com/
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o Research manuscript sections: Introduction, Materials and Methods,
Results, Discussion, Conclusions (optional).

o Back matter: Supplementary Materials, Acknowledgments, Author
Contributions, Conflicts of Interest, References.

Review manuscripts should comprise the front matter, literature review
sections and the back matter. The template file can also be used to prepare
the front and back matter of your review manuscript. It is not necessary to follow
the remaining structure. Structured reviews and meta-analyses should use the
same structure as research articles and ensure they conform to
the PRISMA guidelines.

Graphical Abstract:

A graphical abstract (GA) is an image that appears alongside the text abstract
in the Table of Contents. In addition to summarizing the content, it should
represent the topic of the article in an attention-grabbing way. Moreover, it
should not be exactly the same as the Figure in the paper or just a simple
superposition of several subfigures. Note that the GA must be original and
unpublished artwork. Any postage stamps, currency from any country, or
trademarked items should not be included in it.

The GA should be a high-quality illustration or diagram in any of the following
formats: PNG, JPEG, or TIFF. Written text in a GA should be clear and easy to
read, using one of the following fonts: Times, Arial, Courier, Helvetica, Ubuntu
or Calibri.

The minimum required size for the GA is 560 x 1100 pixels (height x width).
The size should be of high quality in order to reproduce well.

Acronyms/Abbreviations/Initialisms should be defined the first time they
appear in each of three sections: the abstract; the main text; the first figure or
table. When defined for the first time, the acronym/abbreviation/initialism should
be added in parentheses after the written-out form.

S| Units (International System of Units) should be used. Imperial, US
customary and other units should be converted to Sl units whenever possible.

Accession numbers of RNA, DNA and protein sequences used in the
manuscript should be provided in the Materials and Methods section. Also see
the section on Deposition of Sequences and Expression Data.

Equations: If you are using Word, please use either the Microsoft Equation
Editor or the MathType add-on. Equations should be editable by the editorial
office and not appear in a picture format.

Research Data and supplementary materials: Note that publication of your
manuscript implies that you must make all materials, data, and protocols
associated with the publication available to readers. Disclose at the submission
stage any restrictions on the availability of materials or information. Read the
information about Supplementary Materials and Data Deposit for additional
guidelines.

Preregistration: Where authors have preregistered studies or analysis plans,
links to the preregistration must be provided in the manuscript.
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Guidelines and standards: MDPI follows standards and guidelines for certain
types of research. See https://www.mdpi.com/editorial process for further
information.

Front Matter

These sections should appear in all manuscript types

Title: The title of your manuscript should be concise, specific and relevant. It
should identify if the study reports (human or animal) trial data, or is a
systematic review, meta-analysis or replication study. When gene or protein
names are included, the abbreviated name rather than full name should be
used. Please do not include abbreviated or short forms of the title, such as a
running title or head. These will be removed by our Editorial Office.

Author List and Affiliations: Authors' full first and last names must be
provided. The initials of any middle names can be added. The
PubMed/MEDLINE standard format is used for affiliations: complete address
information including city, zip code, state/province, and country. At least one
author should be designated as the corresponding author. The email addresses
of all authors will be displayed on published papers, and hidden by Captcha on
the website as standard. It is the responsibility of the corresponding author to
ensure that consent for the display of email addresses is obtained from all
authors. If an author (other than the corresponding author) does not wish to
have their email addresses displayed in this way, the corresponding author
must indicate as such during proofreading. After acceptance, updates to author
names or affiliations may not be permitted. Equal Contributions: authors who
have contributed equally should be marked with a superscript symbol (). The
symbol must be included below the affiliations, and the following statement
added: “These authors contributed equally to this work”. The equal roles of
authors should also be adequately disclosed in the author contributions
statement. Please read the criteria to qualify for authorship.

Abstract: The abstract should be a total of about 200 words maximum. The
abstract should be a single paragraph and should follow the style of structured
abstracts, but without headings: 1) Background: Place the question addressed
in a broad context and highlight the purpose of the study; 2) Methods: Describe
briefy the main methods or treatments applied. Include any relevant
preregistration numbers, and species and strains of any animals used; 3)
Results: Summarize the article's main findings; and 4) Conclusion: Indicate the
main conclusions or interpretations. The abstract should be an objective
representation of the article: it must not contain results which are not presented
and substantiated in the main text and should not exaggerate the main
conclusions.

Keywords: Three to ten pertinent keywords need to be added after the
abstract. We recommend that the keywords are specific to the article, yet
reasonably common within the subject discipline.

Research Manuscript Sections
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Introduction: The introduction should briefly place the study in a broad context
and highlight why it is important. It should define the purpose of the work and
its significance, including specific hypotheses being tested. The current state of
the research field should be reviewed carefully and key publications cited.
Please highlight controversial and diverging hypotheses when necessary.
Finally, briefly mention the main aim of the work and highlight the main
conclusions. Keep the introduction comprehensible to scientists working
outside the topic of the paper.

Materials and Methods: They should be described with sufficient detail to
allow others to replicate and build on published results. New methods and
protocols should be described in detail while well-established methods can be
briefly described and appropriately cited. Give the name and version of any
software used and make clear whether computer code used is available.
Include any pre-registration codes.

Results: Provide a concise and precise description of the experimental results,
their interpretation as well as the experimental conclusions that can be drawn.

Discussion: Authors should discuss the results and how they can be
interpreted in perspective of previous studies and of the working hypotheses.
The findings and their implications should be discussed in the broadest context
possible and limitations of the work highlighted. Future research directions may
also be mentioned. This section may be combined with Results.

Conclusions: This section is not mandatory but can be added to the
manuscript if the discussion is unusually long or complex.

Patents: This section is not mandatory but may be added if there are patents
resulting from the work reported in this manuscript.

Back Matter

Supplementary Materials: Describe any supplementary material published
online alongside the manuscript (figure, tables, video, spreadsheets, etc.).
Please indicate the name and title of each element as follows Figure S1: title,
Table S1: title, etc.

Author Contributions: Each author is expected to have made substantial
contributions to the conception or design of the work; or the acquisition,
analysis, or interpretation of data; or the creation of new software used in the
work; or have drafted the work or substantively revised it; AND has approved
the submitted version (and version substantially edited by journal staff that
involves the author’s contribution to the study); AND agrees to be personally
accountable for the author’s own contributions and for ensuring that questions
related to the accuracy or integrity of any part of the work, even ones in which
the author was not personally involved, are appropriately investigated,
resolved, and documented in the literature.
For research articles with several authors, a short paragraph specifying their
individual contributions must be provided. The following statements should be
used "Conceptualization, X.X. and Y.Y.; Methodology, X.X.; Software, X.X,;
Validation, X.X., Y.Y. and Z.Z.; Formal Analysis, X.X.; Investigation, X.X.;
Resources, X.X.; Data Curation, X.X.; Writing — Original Draft Preparation, X.X;
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Writing — Review & Editing, X.X.; Visualization, X.X.; Supervision, X.X.; Project
Administration, X.X.; Funding Acquisition, Y.Y.”, please turn to the CRediT
taxonomy for the term explanation. For more background on CRediT,
see here. "Authorship must include and be limited to those who have
contributed substantially to the work. Please read the section concerning
the criteria to qualify for authorship carefully".

Funding: All sources of funding of the study should be disclosed. Clearly
indicate grants that you have received in support of your research work and if
you received funds to cover publication costs. Note that some funders will not
refund article processing charges (APC) if the funder and grant number are not
clearly and correctly identified in the paper. Funding information can be entered
separately into the submission system by the authors during submission of their
manuscript. Such funding information, if available, will be deposited to FundRef
if the manuscript is finally published.
Please add: “This research received no external funding” or “This research was
funded by [name of funder] grant number [xxx]” and “The APC was funded by
[XXX]” in this section. Check carefully that the details given are accurate and
use the standard spelling of funding agency names at
https://search.crossref.org/funding, any errors may affect your future funding.

Data Availability Statement: In this section, please provide details regarding
where data supporting reported results can be found, including links to publicly
archived datasets analyzed or generated during the study. Please refer to
suggested Data Availability Statements in section “MDPI Research Data
Policies”. You might choose to exclude this statement if the study did not report
any data.

Acknowledgments: In this section you can acknowledge any support given
which is not covered by the author contribution or funding sections. This may
include administrative and technical support, or donations in kind (e.g.,
materials used for experiments).

Conflicts of Interest: Authors must identify and declare any personal
circumstances or interest that may be perceived as influencing the
representation or interpretation of reported research results. If there is no
conflict of interest, please state "The authors declare no conflict of interest."
Any role of the funding sponsors in the choice of research project; design of the
study; in the collection, analyses or interpretation of data; in the writing of the
manuscript; or in the decision to publish the results must be declared in this
section. JFB does not publish studies funded partially or fully by the tobacco
industry. Any projects funded by industry must pay special attention to the full
declaration of funder involvement. If there is no role, please state “The sponsors
had no role in the design, execution, interpretation, or writing of the study”. For
more details please see Conflict of Interest.

References: References must be numbered in order of appearance in the text
(including table captions and figure legends) and listed individually at the end
of the manuscript. We recommend preparing the references with a bibliography
software package, such as EndNote, ReferenceManager or Zotero to avoid
typing mistakes and duplicated references. We encourage citations to data,
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computer code and other citable research material. If available online, you may
use reference style 9. below.

o Citations and References in Supplementary files are permitted provided that
they also appear in the main text and in the reference list.

In the text, reference numbers should be placed in square brackets [ ], and placed
before the punctuation; for example [1], [1-3] or [1,3]. For embedded citations in the
text with pagination, use both parentheses and brackets to indicate the reference
number and page numbers; for example [5] (p. 10). or [6] (pp- 101-105).

The reference list should include the full title, as recommended by the ACS style guide.
Style files for Endnote and Zotero are available.

References should be described as follows, depending on the type of work:

n Journal Articles:
1. Author 1, A.B.; Author 2, C.D. Title of the article. Abbreviated Journal
Name Year, Volume, page range.

O Books and Book Chapters:
2. Author 1, A.; Author 2, B. Book Title, 3rd ed.; Publisher: Publisher Location, Country,
Year; pp. 154-196.

3. Author 1, A.; Author 2, B. Title of the chapter. In Book Title, 2nd ed.; Editor 1, A,,
Editor 2, B., Eds.; Publisher: Publisher Location, Country, Year; Volume 3, pp. 154—
196.

0 Unpublished materials intended for publication:
4. Author 1, A.B.; Author 2, C. Title of Unpublished Work (optional). Correspondence
Affiliation, City, State, Country. year, status(manuscript in preparation;to be
submitted).

5. Author 1, A.B.; Author 2, C. Title of Unpublished Work. Abbreviated Journal
Name year, phrase indicating stage of publication(submitted; accepted, in press).

0 Unpublished materials not intended for publication:
6. Author 1, A.B. (Affiliation, City, State, Country); Author 2, C. (Affiliation, City, State,
Country). Phase describing the material, year. (phase: Personal communication;
Private communication; Unpublished work; etc.)

O Conference Proceedings:
7. Author 1, A.B.; Author 2, C.D.; Author 3, E.F. Title of Presentation. In Title of the
Collected Work (if available), Proceedings of the Name of the Conference, Location of
Conference, Country, Date of Conference; Editor 1, Editor 2, Eds. (if available);
Publisher: City, Country, Year (if available); Abstract Number (optional), Pagination
(optional).

O Thesis:
8. Author 1, A.B. Title of Thesis. Level of Thesis, Degree-Granting University, Location
of University, Date of Completion.

O Websites:
9. Title of Site. Available online: URL (accessed on Day Month Year).
Unlike published works, websites may change over time or disappear, so we
encourage you create an archive of the cited website using a service such
as WebCite. Archived websites should be cited using the link provided as follows:
10. Title of Site. URL (archived on Day Month Year).
See the Reference List and Citations Guide for more detailed information.
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Preparing Figures, Schemes and Tables

File for Figures and Schemes must be provided during submission in a single
zip archive and at a sufficiently high resolution (minimum 1000 pixels
width/height, or a resolution of 300 dpi or higher). Common formats are
accepted, however, TIFF, JPEG, EPS and PDF are preferred.

JFB can publish multimedia files in articles or as supplementary materials.
Please contact the editorial office for further information.

All Figures, Schemes and Tables should be inserted into the main text close to
their first citation and must be numbered following their number of appearance
(Figure 1, Scheme |, Figure 2, Scheme Il, Table 1, efc.).

All Figures, Schemes and Tables should have a short explanatory title and
caption.

All table columns should have an explanatory heading. To facilitate the copy-
editing of larger tables, smaller fonts may be used, but no less than 8 pt. in size.
Authors should use the Table option of Microsoft Word to create tables.

Authors are encouraged to prepare figures and schemes in color (RGB at 8-bit
per channel). There is no additional cost for publishing full color graphics.

Original Images for Blots and Gels Requirements

For the main text, please ensure that:

All experimental samples and controls used for one comparative analysis are
run on the same blot/gel.

Image processing methods, such as adjusting the brightness or contrast, do not
alter or distort the information in the figure and are applied to every pixel. High-
contrast blots/gels are discouraged.

Cropped blots/gels present in the main text retain all important information and
bands.

You have checked figures for duplications and ensured the figure legends are
clear and accurate. Please include all relevant information in the figure legends
and clearly indicate any re-arrangement of lanes.

In order to ensure the integrity and scientific validity of blots (including, but not limited
to, Western blots) and the reporting of gel data, original, uncropped and unadjusted
images should be uploaded as Supporting Information files at the time of initial
submission.

A single PDF file or a zip folder including all the original images reported in the main
figure and supplemental figures should be prepared. Authors should annotate each
original image, corresponding to the figure in the main article or supplementary
materials, and label each lane or loading order. All experimental samples and controls
used for one comparative analysis should be run on the same blot/gel image. For
quantitative analyses, please provide the blots/gels for each independent biological
replicate used in the analysis.
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Supplementary Materials, Data Deposit and Software Source Code

MDPI Research Data Policies

MDPI is committed to supporting open scientific exchange and enabling our authors
to achieve best practices in sharing and archiving research data. We encourage all
authors of articles published in MDPI journals to share their research data. Individual
journal guidelines can be found at the journal ‘Instructions for Authors’ page. Data
sharing policies concern the minimal dataset that supports the central findings of a
published study. Generated data should be publicly available and cited in accordance
with journal guidelines.

MDPI data policies are informed by TOP Guidelines and FAIR Principles.

Where ethical, legal or privacy issues are present, data should not be shared. The
authors should make any limitations clear in the Data Availability Statement upon
submission. Authors should ensure that data shared are in accordance with consent
provided by participants on the use of confidential data.

Data Availability Statements provide details regarding where data supporting reported
results can be found, including links to publicly archived datasets analyzed or
generated during the study.

Below are suggested Data Availability Statements:

e Data available in a publicly accessible repository
The data presented in this study are openly available in [repository name e.g.,
FigShare] at [doi], reference number [reference number].

e Data available in a publicly accessible repository that does not issue DOls
Publicly available datasets were analyzed in this study. This data can be found
here: [link/accession number]

e Data available on request due to restrictions eg privacy or ethical
The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to [insert reason
here]

e 3rd Party Data
Restrictions apply to the availability of these data. Data was obtained from [third
party] and are available [from the authors/at URL] with the permission of [third
party].

e Data sharing not applicable
No new data were created or analyzed in this study. Data sharing is not
applicable to this article.

e Data is contained within the article or supplementary material
The data presented in this study are available in [insert article or supplementary
material here]

Data citation:

e [dataset] Authors. Year. Dataset title; Data repository or archive; Version (if
any); Persistent identifier (e.g., DOI).
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Computer Code and Software

For work where novel computer code was developed, authors should release the code
either by depositing in a recognized, public repository such as GitHub or uploading as
supplementary information to the publication. The name, version, corporation and
location information for all software used should be clearly indicated. Please include
all the parameters used to run software/programs analyses.

Supplementary Material

Additional data and files can be uploaded as "Supplementary Files" during the
manuscript submission process. The supplementary files will also be available to the
referees as part of the peer-review process. Any file format is acceptable; however,
we recommend that common, non-proprietary formats are used where possible. For
more information on supplementary materials, please refer
to https://www.mdpi.com/authors/layout# bookmark83.

References in Supplementary Files

Citations and References in Supplementary files are permitted provided that they also
appear in the reference list of the main text.

Unpublished Data

Restrictions on data availability should be noted during submission and in the
manuscript. "Data not shown" should be avoided: authors are encouraged to publish
all observations related to the submitted manuscript as Supplementary Material.
"Unpublished data" intended for publication in a manuscript that is either planned, "in
preparation" or "submitted" but not yet accepted, should be cited in the text and a
reference should be added in the References section. "Personal Communication”
should also be cited in the text and reference added in the References section. (see
also the MDPI reference list and citations style guide).

Remote Hosting and Large Data Sets

Data may be deposited with specialized service providers or institutional/subject
repositories, preferably those that use the DataCite mechanism. Large data sets and
files greater than 60 MB must be deposited in this way. For a list of other repositories
specialized in scientific and experimental data, please
consult databib.org or re3data.orqg. The data repository name, link to the data set
(URL) and accession number, doi or handle number of the data set must be provided
in the paper. The journal Data also accepts submissions of data set papers.

Deposition of Sequences and Expression Data

New sequence information must be deposited to the appropriate database prior to
submission of the manuscript. Accession numbers provided by the database should
be included in the submitted manuscript. Manuscripts will not be published until the
accession number is provided.

e New nucleic acid sequences must be deposited into an acceptable repository
such as GenBank, EMBL, or DDBJ. Sequences should be submitted to only
one database.



https://github.com/
https://www.mdpi.com/authors/layout#_bookmark83
http://databib.org/
https://www.re3data.org/
https://www.mdpi.com/journal/data
https://www.ncbi.nlm.nih.gov/genbank/
https://www.ebi.ac.uk/submission/
https://www.ddbj.nig.ac.jp/ddbj/index-e.html

123

e New high throughput sequencing (HTS) datasets (RNA-seq, ChIP-Seq,
degradome analysis, ...) must be deposited either in the GEO database or in
the NCBI's Sequence Read Archive (SRA).

e New microarray datamust be deposited either in the GEO or
the ArrayExpress databases.The "Minimal Information About a Microarray
Experiment" (MIAME) guidelines published by the Microarray Gene Expression
Data Society must be followed.

e New protein sequences obtained by protein sequencing must be submitted to
UniProt (submission tool SPIN). Annotated protein structure and its reference
sequence must be submitted to RCSB of Protein Data Bank.

All sequence names and the accession numbers provided by the databases must be
provided in the Materials and Methods section of the article.

Deposition of Proteomics Data

Methods used to generate the proteomics data should be described in detail and we
encourage authors to adhere to the "Minimum Information About a Proteomics
Experiment". All generated mass spectrometry raw data must be deposited in the
appropriate public database such as ProteomeXchange, PRIDE or jPOST. At the
time of submission, please include all relevant information in the materials and
methods section, such as repository where the data was submitted and link, data set
identifier, username and password needed to access the data.

Research and Publication Ethics
Research Ethics
Research Involving Human Subjects

When reporting on research that involves human subjects, human material, human
tissues, or human data, authors must declare that the investigations were carried out
following the rules of the Declaration of Helsinki of 1975 (https://www.wma.net/what-
we-do/medical-ethics/declaration-of-helsinki/), revised in 2013. According to point
23 of this declaration, an approval from the local institutional review board (IRB) or
other appropriate ethics committee must be obtained before undertaking the research
to confirm the study meets national and international guidelines. As a minimum, a
statement including the project identification code, date of approval, and name of the
ethics committee or institutional review board must be stated in Section ‘Institutional
Review Board Statement’ of the article.

Example of an ethical statement: "All subjects gave their informed consent for inclusion
before they participated in the study. The study was conducted in accordance with the
Declaration of Helsinki, and the protocol was approved by the Ethics Committee of
XXX (Project identification code)."

For non-interventional studies (e.g. surveys, questionnaires, social media research),
all participants must be fully informed if the anonymity is assured, why the research is
being conducted, how their data will be used and if there are any risks associated. As
with all research involving humans, ethical approval from an appropriate ethics
committee must be obtained prior to conducting the study. If ethical approval is not
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required, authors must either provide an exemption from the ethics committee or are
encouraged to cite the local or national legislation that indicates ethics approval is not
required for this type of study. Where a study has been granted exemption, the name
of the ethics committee which provided this should be stated in Section ‘Institutional
Review Board Statement’ with a full explanation regarding why ethical approval was
not required.

A written informed consent for publication must be obtained from participating patients.
Data relating to individual participants must be described in detail, but private
information identifying participants need not be included unless the identifiable
materials are of relevance to the research (for example, photographs of participants’
faces that show a particular symptom). Patients’ initials or other personal identifiers
must not appear in any images. For manuscripts that include any case details,
personal information, and/or images of patients, authors must obtain signed informed
consent for publication from patients (or their relatives/guardians) before submitting to
an MDPI journal. Patient details must be anonymized as far as possible, e.g., do not
mention specific age, ethnicity, or occupation where they are not relevant to the
conclusions. A template permission form is available to download. A blank version
of the form used to obtain permission (without the patient names or signature) must
be uploaded with your submission. Editors reserve the right to reject any submission
that does not meet these requirements.

You may refer to our sample form and provide an appropriate form after consulting
with your affiliated institution. For the purposes of publishing in MDPI journals, a
consent, permission, or release form should include unlimited permission for
publication in all formats (including print, electronic, and online), in sublicensed and
reprinted versions (including translations and derived works), and in other works and
products under open access license. To respect patients’ and any other individual’s
privacy, please do not send signed forms. The journal reserves the right to ask authors
to provide signed forms if necessary.

If the study reports research involving vulnerable groups, an additional check may be
performed. The submitted manuscript will be scrutinized by the editorial office and
upon request, documentary evidence (blank consent forms and any related discussion
documents from the ethics board) must be supplied. Additionally, when studies
describe groups by race, ethnicity, gender, disability, disease, etc., explanation
regarding why such categorization was needed must be clearly stated in the article.

Ethical Guidelines for the Use of Animals in Research

The editors will require that the benefits potentially derived from any research causing
harm to animals are significant in relation to any cost endured by animals, and that
procedures followed are unlikely to cause offense to the majority of readers. Authors
should particularly ensure that their research complies with the commonly-accepted
'3Rs [1]"

e Replacement of animals by alternatives wherever possible,
e Reduction in number of animals used, and

e Refinement of experimental conditions and procedures to minimize the harm to
animals.
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125

Authors must include details on housing, husbandry and pain management in their
manuscript.

For further guidance authors should refer to the Code of Practice for the Housing and
Care of Animals Used in Scientific Procedures [2], American Association for
Laboratory Animal Science [3] or European Animal Research Association [4].

If national legislation requires it, studies involving vertebrates or higher invertebrates
must only be carried out after obtaining approval from the appropriate ethics
committee. As a minimum, the project identification code, date of approval and name
of the ethics committee or institutional review board should be stated in Section
‘Institutional Review Board Statement’. Research procedures must be carried out in
accordance with national and institutional regulations. Statements on animal welfare
should confirm that the study complied with all relevant legislation. Clinical studies
involving animals and interventions outside of routine care require ethics committee
oversight as per the American Veterinary Medical Association. If the study involved
client-owned animals, informed client consent must be obtained and certified in the
manuscript report of the research. Owners must be fully informed if there are any risks
associated with the procedures and that the research will be published. If available, a
high standard of veterinary care must be provided. Authors are responsible for
correctness of the statements provided in the manuscript.

If ethical approval is not required by national laws, authors must provide an exemption
from the ethics committee, if one is available. Where a study has been granted
exemption, the name of the ethics committee that provided this should be stated in
Section ‘Institutional Review Board Statement’ with a full explanation on why the
ethical approval was not required.

If no animal ethics committee is available to review applications, authors should be
aware that the ethics of their research will be evaluated by reviewers and editors.
Authors should provide a statement justifying the work from an ethical perspective,
using the same utilitarian framework that is used by ethics committees. Authors may
be asked to provide this even if they have received ethical approval.

MDPI endorses the ARRIVE guidelines (arriveguidelines.org/) for reporting
experiments using live animals. Authors and reviewers must use the ARRIVE
guidelines as a checklist, which can be found
at https://arriveguidelines.org/sites/arrive/files/documents/ARRIVE%20Complia
nce%20Questionnaire.pdf. Editors reserve the right to ask for the checklist and to
reject submissions that do not adhere to these guidelines, to reject submissions based
on ethical or animal welfare concerns or if the procedure described does not appear
to be justified by the value of the work presented.

1. NSW Department of Primary Industries and Animal Research Review Panel.
Three Rs. Available online: https://www.animalethics.org.au/three-rs

2. Home Office. Animals (Scientific Procedures) Act 1986. Code of Practice for
the Housing and Care of Animals Bred, Supplied or Used for Scientific
Purposes. Available
online: https://assets.publishing.service.qov.uk/qgovernment/uploads/sys
tem/uploads/attachment datal/file/388535/CoPanimalsWeb.pdf

3. American Association for Laboratory Animal Science. The Scientific Basis for
Regulation of Animal Care and Use. Available
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online: https://lwww.aalas.org/about-aalas/position-papers/scientific-
basis-for-requlation-of-animal-care-and-use

4. European Animal Research Association. EU regulations on animal research.
Available online: https://www.eara.eu/animal-research-law

Research Involving Cell Lines

Methods sections for submissions reporting on research with cell lines should state
the origin of any cell lines. For established cell lines the provenance should be stated
and references must also be given to either a published paper or to a commercial
source. If previously unpublished de novo cell lines were used, including those gifted
from another laboratory, details of institutional review board or ethics committee
approval must be given, and confirmation of written informed consent must be
provided if the line is of human origin.

An example of Ethical Statements:

The HCT116 cell line was obtained from XXXX. The MLH1* cell line was provided by
XXXXX, Ltd. The DLD-1 cell line was obtained from Dr. XXXX. The DR-GFP and SA-
GFP reporter plasmids were obtained from Dr. XXX and the Rad51K133A expression
vector was obtained from Dr. XXXX.

Research Involving Plants

Experimental research on plants (either cultivated or wild) including collection of plant
material, must comply with institutional, national, or international guidelines. We
recommend that authors comply with the Convention on Biological Diversity and
the Convention on the Trade in Endangered Species of Wild Fauna and Flora.

For each submitted manuscript supporting genetic information and origin must be
provided. For research manuscripts involving rare and non-model plants (other than,
e.g., Arabidopsis thaliana, Nicotiana benthamiana, Oryza sativa, or many other typical
model plants), voucher specimens must be deposited in an accessible herbarium or
museum. Vouchers may be requested for review by future investigators to verify the
identity of the material used in the study (especially if taxonomic rearrangements occur
in the future). They should include details of the populations sampled on the site of
collection (GPS coordinates), date of collection, and document the part(s) used in the
study where appropriate. For rare, threatened or endangered species this can be
waived but it is necessary for the author to describe this in the cover letter.

Editors reserve the rights to reject any submission that does not meet these
requirements.

An example of Ethical Statements:

Torenia fournieri plants were used in this study. White-flowered Crown White (CrW)
and violet-flowered Crown Violet (CrV) cultivars selected from ‘Crown Mix’ (XXX
Company, City, Country) were kindly provided by Dr. XXX (XXX Institute, City,
Country).

Arabidopis mutant lines (SALKxxxx, SAILxxxXx,...) were kindly provided by Dr. XXX,
institute, city, country).
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Clinical Trials Registration

Registration

MDPI follows the International Committee of Medical Journal Editors
(ICMJE) guidelines which require and recommend registration of clinical trials in a
public trials registry at or before the time of first patient enrollment as a condition of
consideration for publication.

Purely observational studies do not require registration. A clinical trial not only refers
to studies that take place in a hospital or involve pharmaceuticals, but also refer to all
studies which involve participant randomization and group classification in the context
of the intervention under assessment.

Authors are strongly encouraged to pre-register clinical trials with an international
clinical trials register and cite a reference to the registration in the Methods section.
Suitable databases include clinicaltrials.gov, the EU Clinical Trials Register and
those listed by the World Health Organisation International Clinical Trials Registry
Platform.

Approval to conduct a study from an independent local, regional, or national review
body is not equivalent to prospective clinical trial registration. MDPI reserves the right
to decline any paper without trial registration for further peer-review. However, if the
study protocol has been published before the enrolment, the registration can be
waived with correct citation of the published protocol.

CONSORT Statement

MDPI requires a completed CONSORT 2010 checklist and flow diagram as a
condition of submission when reporting the results of a randomized trial. Templates
for these can be found here or on the CONSORT website (http://www.consort-
statement.org) which also describes several CONSORT checklist extensions for
different designs and types of data beyond two group parallel trials. At minimum, your
article should report the content addressed by each item of the checklist.

Dual Use Research of Concern

MDPI follows the practical framework defined in Guidance for Editors: Research,
Audit and Service Evaluations and introduced by the Committee on Publication
Ethics (COPE). Research that could pose a significant threat, with broad potential
consequences to public health or national security, should be clearly indicated in the
manuscript, and potential dual-use research of concern should be explained in the
cover letter upon submission. Potential areas of concern include but are not limited to
biosecurity, nuclear and chemical threats, and research with a military purpose or
application, etc. For these manuscripts to be considered for peer review, the benefits
to the general public or public health must outweigh the risks. The authors have a
responsibility to comply with relevant national and international laws.

Sex and Gender in Research

We encourage our authors to follow the ‘Sex and Gender Equity in Research —
SAGER — quidelines’ and to include sex and gender considerations where relevant.
Authors should use the terms sex (biological attribute) and gender (shaped by social
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and cultural circumstances) carefully in order to avoid confusing both terms. Article
tittes and/or abstracts should indicate clearly what sex(es) the study applies to.
Authors should also describe in the background, whether sex and/or gender
differences may be expected; report how sex and/or gender were accounted for in the
design of the study; provide disaggregated data by sex and/or gender, where
appropriate; and discuss respective results. If a sex and/or gender analysis was not
conducted, the rationale should be given in the Discussion. We suggest that our
authors consult the full quidelines before submission.

Borders and Territories

Potential disputes over borders and territories may have particular relevance for
authors in describing their research or in an author or editor correspondence address,
and should be respected. Content decisions are an editorial matter and where there
is a potential or perceived dispute or complaint, the editorial team will attempt to find
a resolution that satisfies parties involved.

MDPI stays neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Publication Ethics Statement

JFB is a member of the Committee on Publication Ethics (COPE). We fully adhere to
its Code of Conduct and to its Best Practice Guidelines.

The editors of this journal enforce a rigorous peer-review process together with strict
ethical policies and standards to ensure to add high quality scientific works to the field
of scholarly publication. Unfortunately, cases of plagiarism, data falsification, image
manipulation, inappropriate authorship credit, and the like, do arise. The editors
of JFB take such publishing ethics issues very seriously and are trained to proceed in
such cases with a zero tolerance policy.

Authors wishing to publish their papers in JFB must abide to the following:

e Any facts that might be perceived as a possible conflict of interest of the
author(s) must be disclosed in the paper prior to submission.

e Authors should accurately present their research findings and include an
objective discussion of the significance of their findings.

e Data and methods used in the research need to be presented in sufficient detail
in the paper, so that other researchers can replicate the work.

e Raw data should preferably be publicly deposited by the authors before
submission of their manuscript. Authors need to at least have the raw data
readily available for presentation to the referees and the editors of the journal,
if requested. Authors need to ensure appropriate measures are taken so that
raw data is retained in full for a reasonable time after publication.

e Simultaneous submission of manuscripts to more than one journal is not
tolerated.

e The journal accepts exact translations of previously published work. All
submissions of translations must conform with our policies on translations.
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e If errors and inaccuracies are found by the authors after publication of their
paper, they need to be promptly communicated to the editors of this journal so
that appropriate actions can be taken. Please refer to our policy regarding
Updating Published Papers.

e Your manuscript should not contain any information that has already been
published. If you include already published figures or images, please obtain the
necessary permission from the copyright holder to publish under the CC-BY
license. For further information, see the Rights and Permissions page.

e Plagiarism, data fabrication and image manipulation are not tolerated.

o Plagiarism is not acceptable in JFB submissions.

Plagiarism includes copying text, ideas, images, or data from another
source, even from your own publications, without giving any credit to the
original source.

Reuse of text that is copied from another source must be between
quotes and the original source must be cited. If a study's design or the
manuscript's structure or language has been inspired by previous works,
these works must be explicitly cited.

All MDPI submissions are checked for plagiarism using the industry
standard software iThenticate. If plagiarism is detected during the peer
review process, the manuscript may be rejected. If plagiarism is detected
after publication, an investigation will take place and action taken in
accordance with our policies.

o Image files must not be manipulated or adjusted in any way that
could lead to misinterpretation of the information provided by the original
image.

Irregular manipulation includes: 1) introduction, enhancement, moving,
or removing features from the original image; 2) grouping of images that
should obviously be presented separately (e.g., from different parts of
the same gel, or from different gels); or 3) modifying the contrast,
brightness or color balance to obscure, eliminate or enhance some
information.

If irregular image manipulation is identified and confirmed during the
peer review process, we may reject the manuscript. If irregular image
manipulation is identified and confirmed after publication, we may
correct or retract the paper.

Our in-house editors will investigate any allegations of publication misconduct
and may contact the authors' institutions or funders if necessary. If evidence of
misconduct is found, appropriate action will be taken to correct or retract the
publication. Authors are expected to comply with the best ethical publication
practices when publishing with MDPI.

Citation Policy
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Authors should ensure that where material is taken from other sources (including their
own published writing) the source is clearly cited and that where appropriate
permission is obtained.

Authors should not engage in excessive self-citation of their own work.

Authors should not copy references from other publications if they have not read the
cited work.

Authors should not preferentially cite their own or their friends’, peers’, or institution’s
publications.

Authors should not cite advertisements or advertorial material.

In accordance with COPE guidelines, we expect that “original wording taken directly
from publications by other researchers should appear in quotation marks with the
appropriate citations.” This condition also applies to an author’s own work. COPE have
produced a discussion document on citation manipulation with recommendations for
best practice.

Reviewer Suggestions

During the submission process, please suggest three potential reviewers with the
appropriate expertise to review the manuscript. The editors will not necessarily
approach these referees. Please provide detailed contact information (address,
homepage, phone, e-mail address). The proposed referees should neither be current
collaborators of the co-authors nor have published with any of the co-authors of the
manuscript within the last three years. Proposed reviewers should be from different
institutions to the authors. You may identify appropriate Editorial Board members of
the journal as potential reviewers. You may suggest reviewers from among the authors
that you frequently cite in your paper.

Extensive English Editing

It is the authors’ responsibility to submit their work in correct English. The APC includes
only minor English editing, conducted by native English speakers. The APC does not
include extensive English editing. If extensive editing is required, your paper could be
returned to you at the English editing stage of the publication process. This could delay
the publication of your work. You may have your work reviewed by an experienced
English-speaking colleague or use a paid language-editing service before submitting
your paper for publication. We offer rapid English editing, completed in 1 business day,
here: Author Services.

Preprints and Conference Papers

JFB accepts submissions that have previously been made available as preprints
provided that they have not undergone peer review. A preprint is a draft version of a
paper made available online before submission to a journal.

MDPI operates Preprints, a preprint server to which submitted papers can be
uploaded directly after completing journal submission. Note that Preprints operates
independently of the journal and posting a preprint does not affect the peer review
process. Check the Preprints instructions for authors for further information.
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Expanded and high-quality conference papers can be considered as articles if they
fulfill the following requirements: (1) the paper should be expanded to the size of a
research article; (2) the conference paper should be cited and noted on the first page
of the paper; (3) if the authors do not hold the copyright of the published conference
paper, authors should seek the appropriate permission from the copyright holder; (4)
authors are asked to disclose that it is conference paper in their cover letter and
include a statement on what has been changed compared to the original conference
paper. JFB does not publish pilot studies or studies with inadequate statistical power.

Unpublished conference papers that do not meet the above conditions are
recommended to be submitted to the Proceedings Series journals.

Authorship

MDPI follows the International Committee of Medical Journal Editors (ICMJE)
guidelines which state that, in order to qualify for authorship of a manuscript, the
following criteria should be observed:

e Substantial contributions to the conception or design of the work; or the
acquisition, analysis, or interpretation of data for the work; AND

e Drafting the work or reviewing it critically for important intellectual content; AND
e Final approval of the version to be published; AND

e Agreement to be accountable for all aspects of the work in ensuring that
questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Those who contributed to the work but do not qualify for authorship should be listed in
the acknowledgments. More detailed guidance on authorship is given by
the International Council of Medical Journal Editors (ICMJE).

Any change to the author list should be approved by all authors including any who
have been removed from the list. The corresponding author should act as a point of
contact between the editor and the other authors and should keep co-authors informed
and involve them in major decisions about the publication. We reserve the right to
request confirmation that all authors meet the authorship conditions.

For more details about authorship please check MDPI ethics website.

Reviewers Recommendation

Authors can recommend potential reviewers. Journal editors will check to make sure
there are no conflicts of interest before contacting those reviewers, and will not
consider those with competing interests. Reviewers are asked to declare any conflicts
of interest. Authors can also enter the names of potential peer reviewers they wish to
exclude from consideration in the peer review of their manuscript, during the initial
submission progress. The editorial team will respect these requests so long as this
does not interfere with the objective and thorough assessment of the submission.

Editorial Independence

Lack of Interference with Editorial Decisions
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Editorial independence is of utmost importance and MDPI does not interfere with
editorial decisions. All articles published by MDPI are peer reviewed and assessed by
our independent editorial boards, and MDPI staff are not involved in decisions to
accept manuscripts. When making an editorial decision, we expect the academic
editor to make their decision based only upon:

e The suitability of selected reviewers;
e Adequacy of reviewer comments and author response;
e Overall scientific quality of the paper.

In all of our journals, in every aspect of operation, MDPI policies are informed by the
mission to make science and research findings open and accessible as widely and
rapidly as possible.

Editors and Editorial Staff as Authors

Editorial staff or editors shall not be involved in processing their own academic work.
Submissions authored by editorial staff/editors will be assigned to at least two
independent outside reviewers. Decisions will be made by other Editorial Board
Members who do not have a conflict of interest with the author. Journal staff are not
involved in the processing of their own work submitted to any MDPI journals.

Conflicts of Interest

According to The International Committee of Medical Journal Editors, “Authors should
avoid entering into agreements with study sponsors, both for-profit and non-profit, that
interfere with authors’ access to all of the study’s data or that interfere with their ability
to analyze and interpret the data and to prepare and publish manuscripts
independently when and where they choose.”

All authors must disclose all relationships or interests that could inappropriately
influence or bias their work. Examples of potential conflicts of interest include but are
not limited to financial interests (such as membership, employment, consultancies,
stocks/shares ownership, honoraria, grants or other funding, paid expert testimonies
and patent-licensing arrangements) and non-financial interests (such as personal or
professional relationships, affiliations, personal beliefs).

Authors can disclose potential conflicts of interest via the online submission system
during the submission process. Declarations regarding conflicts of interest can also be
collected via the MDPI disclosure form. The corresponding author must include a
summary statement in the manuscript in a separate section “Conflicts of Interest”
placed just before the reference list. The statement should reflect all the collected
potential conflicts of interest disclosures in the form.

See below for examples of disclosures:

Conflicts of Interest: Author A has received research grants from Company A. Author
B has received a speaker honorarium from Company X and owns stocks in Company
Y. Author C has been involved as a consultant and expert withess in Company Z.
Author D is the inventor of patent X.

If no conflicts exist, the authors should state:
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133

Conflicts of Interest: The authors declare no conflicts of interest.
Editorial Procedures and Peer-Review

Pre-check

Immediately after submission, the journal’s Managing Editor will perform the technical
pre-check to assess:

e Overall suitability of the manuscript to the journal/section/Special Issue;
e Manuscript adherence to high-quality research and ethical standards;
e Standards of rigor to qualify for further review.

The academic editor (i.e., the Editor-in-Chief in the case of regular submissions, the
Guest Editor in the case of Special Issue submissions, or an Editorial Board member
in the case of a conflict of interest and of regular submissions if the Editor-in-Chief
allows) will be notified of the submission and invited to perform an editorial pre-check.
During the editorial pre-check phase, the academic editor will assess the suitability of
the submission with respect to the scope of the journal, as well as the overall scientific
soundness of the manuscript, including the relevance of the references and the
correctness of the applied methodology. Academic editors can decide to reject the
manuscript, request revisions before peer-review, or continue with the peer-review
process and recommend suitable reviewers.

Peer-Review

Once a manuscript passes the initial checks, it will be assigned to at least two
independent experts for peer-review. A single-blind review is applied, where authors'
identities are known to reviewers. Peer review comments are confidential and will only
be disclosed with the express agreement of the reviewer.

In the case of regular submissions, in-house assistant editors will invite experts,
including recommendations by an academic editor. These experts may also
include Editorial Board Members and Guest Editors of the journal. Potential reviewers
suggested by the authors may also be considered. Reviewers should not have
published with any of the co-authors during the past three years and should not
currently work or collaborate with any of the institutions of the co-authors of the
submitted manuscript. For more details about potential conflicts of interest, please
check here, https://lwww.mdpi.com/reviewers# bookmark9.

Optional Open Peer-Review

The journal operates optional open peer-review: Authors are given the option for all
review reports and editorial decisions to be published alongside their manuscript. In
addition, reviewers can sign their review, i.e., identify themselves in the published
review reports. Authors can alter their choice for open review at any time before
publication, but once the paper has been published changes will only be made at the
discretion of the Publisher and Editor-in-Chief. \WWe encourage authors to take
advantage of this opportunity as proof of the rigorous process employed in publishing
their research. To guarantee impartial refereeing, the names of referees will be
revealed only if the referees agree to do so, and after a paper has been accepted for
publication.
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Editorial Decision and Revision

All the articles, reviews and communications published in MDPI journals go through
the peer-review process and receive at least two reviews. The in-house editor will
communicate the decision of the academic editor, which will be one of the following:

e Accept after Minor Reuvisions:
The paper is in principle accepted after revision based on the reviewer’s
comments. Authors are given five days for minor revisions.

e Reconsider after Major Revisions:
The acceptance of the manuscript would depend on the revisions. The author
needs to provide a point by point response or provide a rebuttal if some of the
reviewer's comments cannot be revised. A maximum of two rounds of major
revision per manuscript is normally provided. Authors will be asked to resubmit
the revised paper within a suitable time frame, and the revised version will be
returned to the reviewer for further comments. If the required revision time is
estimated to be longer than 2 months, we will recommend that authors withdraw
their manuscript before resubmitting so as to avoid unnecessary time pressure
and to ensure that all manuscripts are sufficiently revised.

e Reject and Encourage Resubmission:
If additional experiments are needed to support the conclusions, the manuscript
will be rejected and the authors will be encouraged to re-submit the paper once
further experiments have been conducted.

e Reject:
The article has serious flaws, and/or makes no original significant contribution.
No offer of resubmission to the journal is provided.

All reviewer comments should be responded to in a point-by-point fashion. Where the
authors disagree with a reviewer, they must provide a clear response.

Author Appeals

Authors may appeal a rejection by sending an e-mail to the Editorial Office of the
journal. The appeal must provide a detailed justification, including point-by-point
responses to the reviewers' and/or Editor's comments using an appeal form. Appeals
can only be submitted following a “reject and decline resubmission” decision and
should be submitted within three months from the decision date. Failure to meet these
criteria will result in the appeal not being considered further. The Managing Editor will
forward the manuscript and related information (including the identities of the referees)
to a designated Editorial Board Member. The Academic Editor being consulted will be
asked to provide an advisory recommendation on the manuscript and may recommend
acceptance, further peer-review, or uphold the original rejection decision. This
decision will then be validated by the Editor-in-Chief. A reject decision at this stage is
final and cannot be reversed.

Production and Publication

Once accepted, the manuscript will undergo professional copy-editing, English editing,
proofreading by the authors, final corrections, pagination, and, publication on
the www.mdpi.com website.

Promoting Equity, Diversity and Inclusiveness within MDPI Journals
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Our Managing Editors encourage the Editors-in-Chief and Associate Editors to appoint
diverse expert Editorial Boards. This is also reflective in our multi-national and
inclusive workplace. We are proud to create equal opportunities without regard to
gender, ethnicity, sexual orientation, age, religion, or socio-economic status. There is
no place for discrimination in our workplace and editors of MDPI journals are to uphold
these principles in high regard.

Resource Identification Initiative
To improve the reproducibility of scientific research, the Resource ldentification

Initiative aims to provide unique persistent identifiers for key biological resources,
including antibodies, cell lines, model organisms and tools.

We encourage authors to include unique identifiers - RRIDs- provided by
the Resource Identification Portal in the dedicated section of the manuscript.

To help authors quickly find the correct identifiers for their materials, there is a
single website where all resource types can be found and a ‘cite this’ button next to
each resource, that contains a proper citation text that should be included in the
methods section of the manuscript.
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