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Resumo

FERNANDES, G.L. Extrato da casca de Punica granatum potencializa o efeito anti
carie de um enxaguatério bucal contendo trimetafosfato de sodio e flaor. 2020 80f.
Tese (Doutorado em Ciéncia Odontoldgica, area de Biomateriais) - Faculdade de
Odontologia de Aracgatuba, Universidade Estadual Paulista, Aracatuba 2020.

A cérie dentéria esta entre as principais e mais comuns doencas bucais. E causada por
acidos produzidos pelo biofilme microbiano que levam a desmineralizacdo do esmalte.
A prevencdo e controle dessa doenca crénica consistem na desorganizacdo periédica do
biofilme e na promocdo da remineralizacdo dentaria. Para resolver esse problema,
associamos o extrato de casca de Punica granatum (romd) (PPE) ao trimetafosfato de
sodio (TMP) e fluoreto (F) em formulagGes para uso como enxaguatério bucal, e
avaliamos sua eficacia na reducdo do processo de desmineralizacdo do esmalte dental,
bem como seu potencial anti biofilme contra importantes patdgenos orais presentes na
carie dentaria (Streptococcus mutans ATCC 25175 e Candida albicans ATCC 10231).
Blocos de esmalte bovino (4 mm x 4 mm) selecionados por dureza superficial inicial
(SHi) foram alocados aleatoriamente de acordo com grupos de tratamentos de
formulacdo (n = 12 / grupo): ETF1 (3,0% PPE + 0,2% TMP + 100ppmF), TF1 (0,2%
TMP + 100ppmF), ETF2 (3,0% PPE + 0,3% TMP + 225ppmF), TF2 (0,3% TMP +
225ppmF), F1 (100 ppmF), F2 (225 ppmF) e P (formulagéo sem E / T / F - placebo). Os
blocos foram tratados 2x / dia com cada formulacdo e submetidos a cinco ciclos de pH
(solugdes desmineralizantes / remineralizantes) a 37° C. A seguir, determinaram-se a
dureza superficial final (SHf), a dureza integrada da subsuperficie de perda (AKHN)
padronizada e as concentracdes de fluoreto de esmalte (F) de célcio (Ca) e fésforo (P).
A porcentagem de perda de dureza superficial (% SH) foi calculada (% SH = [(SHf -
SHi) / SHi)] x 100), e as formulagbes que promoveram menores porcentagens de
desmineralizacdo do esmalte (% SH) e suas contrapartes foram selecionadas para os
ensaios anti biofilme, bem como a formulagdo contendo apenas PPE (E). Para isso,
ETF2 e TF2 (% SH = -34,5% e -53,1%, respectivamente), e a formulacdo E foram
usadas para tratar por 1 ou 10 minutos biofilmes duplos de C. albicans e S. mutans
crescidos por 24 horas em discos de hidroxiapatita (HA). A desmineralizacdo da
superficie do esmalte foi menor nas amostras tratadas com a formulacdo ETF2,
resultando em uma diminuicéo de 46% na% SH em comparagdo com a F2. Novamente,
a capacidade de reduzir o corpo da lesdo (AKHN) foi maior (~ 26%) com ETF2 em

relacdo a F2, e F2 proporcionou a maior concentracdo de F, Ca e P na superficie do

Gabriela Lopes Fernandes



esmalte. Entre as formulacGes de enxaguatorio bucal ETF2, TF2 e E, as maiores taxas
de reducdo de células viaveis foram exibidas tratando o biofilme com ETF2 por 10
minutos, independentemente do microrganismo testado. Em conclusdo, a adicdo de PPE
(3%) em enxaguatorios bucais contendo TMP (0,3) e F (225ppm) promoveu uma
diminuicdo consideravel no mineral sem perda de esmalte dental, além de reduzir
consideravelmente o biofilme cariogénico formado por S. mutans e C albicans. Assim,
cria uma perspectiva promissora para o desenvolvimento de um produto comercial
dental sem &lcool com os beneficios de milénios reconhecidos a saide do Punica

granatum.

Palavras-chave: Punica granatum; polifosfatos; desmineralizacdo, esmalte dental,

fluoreto, antimicrobiano.
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FERNANDES, G.L. Punica granatum peel extract enhances the anti caries
effect of mouthwash containing sodium trimetaphosphate and fluoride.
2020 80f. Tese (Doutorado em Ciéncia Odontologica, area de Biomateriais) -
Faculdade de Odontologia de Aracatuba, Universidade Estadual Paulista,
Aracatuba 2019.

Dental caries is among the main and most common oral diseases. It is caused by acids
produced by microbial biofilm that lead to enamel demineralization. The prevention and
control of this chronic disease consist of periodic disorganization of the biofilm and the
promotion of dental remineralization. To address this problem, we associate Punica
granatum (pomegranate) peel extract (PPE) with sodium trimemtaphosphate (TMP),
and fluoride (F) in formulations for being used as mouthwash, and evaluate its efficacy
on reducing dental enamel demineralization process as well as its antibiofilm potential
against important oral pathogens present in dental caries (Streptococcus mutans ATCC
25175 and Candida albicans ATCC 10231). Bovine enamel blocks (4 mm x 4 mm)
selected by initial surface hardness (SHi) were randomly allocated according to groups
of formulation treatments (n= 12/group): ETF1 (3.0%PPE+0.2%TMP+100ppmF), TF1
(0.2%TMP+100ppmF), ETF2 (3.0%PPE+0.3% TMP+225ppmF), TF2
(0.3%TMP+225ppmF), F1 (100 ppmF), F2 (225 ppmF), and P (formulation without
E/T/F - placebo). The blocks were treated 2x/day with each formulation and submitted
to five pH cycles (demineralizing/remineralizing solutions) at 37°C. Next, final surface
hardness (SHf), integrated loss subsurface hardness (AKHN), and enamel fluoride (F)
calcium (Ca) and phosphorus (P) concentrations were determined. The percentage of
surface hardness loss (%SH) was calculated (%SH = [(SHf - SHi)/SHi)] x 100), and the
formulations which promoted lower percentages of enamel demineralization (%SH) and
its counterparts were selected to the antibiofim assays, as well as formulation containing
only PPE (E). For that, ETF2 and TF2 (%SH= -34.5% and -53.1% respectively), and
formulation E were used to treat for 1 or 10 minutes dual biofilms of C. albicans and S.
mutans grown for 24 hours on hydroxyapatite discs (HA). Demineralization of the
enamel surface was lower in samples treated with formulation ETF2, resulting in a 46%
decrease in %SH in comparison with F2. Again, the capacity to reduce the lesion body
(AKHN) was higher (~ 26%) with ETF2 in relation to F2, and F2 provided the highest
concentration of F, Ca and P in enamel surface. Amongst the mouthwash formulations
ETF2, TF2 and E, the highest rates of viable cells reduction were exhibited by treating

biofilm with ETF2 for 10 minutes regardless of the microorganism tested. In



conclusion, the addition of PPE (3%) in mouthwashes containing TMP (0.3) and F
(225ppm) promoted a considerably decrease in the mineral loss of dental enamel
besides considerable reducing cariogenic biofilm formed by S. mutans and C. albicans.
It thus creates a promising prospect for the development of an alcohol free dental

commercial product with the millennial recognized health benefits of Punica granatum.

Keywords: Punica granatum; Polyphosphates; Desmineralization; Dental Enamel,
Antimicrobial



Introdugio Geral

Dentre as principais e mais comuns infec¢Oes orais estdo a carie dentaria, a
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gengivite e a periodontite, e uma caracteristica comum nessas patologias é a presenca de
microrganismos que estdo diretamente relacionados com o desenvolvimento ou
persisténcia dessas infecgdes. O controle ou a remoc¢do desses microrganismos através
da escovacdo dental, utilizacdo de fio dental e enxaguatérios bucais, auxiliam no
controle e prevencao dessas doengas (Batista, Lins et al. 2014)

Muitas revisdes tém abordado a utilizagdo de enxaguatérios bucais como uma
alternativa benéfica para o controle de biofilmes microbianos relacionados a carie
(Bhadbhade, Acharya et al. 2011) devido a facilidade de utilizagco, acesso a
microrganismos ndo alcancadas por processos mecanicos e baixo custo. Além disso, 0s
enxaguatdrios bucais podem ser uma medida tépica para aplicagdo de flior devido ao
contato com os dentes, realizando um efeito protetor (Favretto, Danelon et al. 2013).
Dentre os agentes quimicos utilizados esta a clorexidina que é considerada como padréo
ouro. Contudo, sua prescri¢cdo deve ser limitada a curtos periodos de tempo por poderem
provocar pigmentacdo dos dentes e lingua, alteracGes no paladar, descamacéo epitelial,
sensacOes de queimacéo e sabor amargo (Bhadbhade, Acharya et al. 2011); (Dabholkar,
Shah et al. 2016). Além da clorexidina, os dleos essenciais s&o muito utilizados, porém
o alto teor alcodlico e o sabor desagradavel muitas vezes ndo sdo bem tolerados pelos
pacientes (Bhadbhade, Acharya et al. 2011); (Dabholkar, Shah et al. 2016).

O aumento na resisténcia dos microrganismos aos tratamentos convencionais e
efeitos colaterais causados por esses produtos associados a uma maior abertura da
medicina tradicional a novas alternativas de tratamento, vem fazendo com que a
pesquisa e o desenvolvimento de produtos utilizando compostos naturais cresca
consideravelmente (Bhadbhade, Acharya et al. 2011); (Akca, Akca et al. 2016).

A romd tem sido utilizada no Brasil no tratamento de infec¢des de garganta,

rouquidao, febre, anti-séptico e antiviral em processos inflamatorios da mucosa oral
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(Matos, Garland et al. 2002). A sua casca contém aproximadamente 20% de taninos
ativos, incluindo punicalagina, punicalina e corilagina (Menezes, Cordeiro et al. 2006).
Além disso, seu efeito benéfico em processos inflamatérios como a gengivite pode estar
relacionado com a presenca de flavonoides que possuem uma alta atividade antioxidante
e estimulam enzimas enddgenas com essa mesma funcdo (Bhadbhade, Acharya et al.
2011). Estudos mostram que a roma apresenta atividade antimicrobiana contra uma
variedade de microrganismos presentes no biofilme dental, incluindo o Streptococcus
mutans (Bhadbhade, Acharya et al. 2011). Acredita-se que a acdo da romé relaciona-se
com a reducdo da capacidade de adesdo desses microrganismos na superficie do dente, e
da producdo de enzimas responsaveis pelo metabolismo da sacarose, dificultando assim
o desenvolvimento da cérie (Bhadbhade, Acharya et al. 2011). Além disso, bochechos
com extrato da roma reduziriam os niveis salivares de outras enzimas como, por
exemplo, a aspartato-aminotransferase, que esta relacionada com lesfes celulares e é
encontrada em altos niveis em pacientes com doenca periodontal (Bhadbhade, Acharya
et al. 2011).

Devido a sua facilidade de uso, a literatura sugere que além de agentes
antimicrobianos, os enxaguatorios bucais contenham outros componentes para auxiliar
no controle do desenvolvimento de patologias bucais. Nesse contexto a associacdo de
fldor e fosfatos inorganicos como o trimetafosfato de sédio (TMP) atuaria na reducgéo
do processo de desmineralizacdo presente na carie dentaria. Ja é demonstrado que a
adicdo de TMP a uma solucdo fluoretada otimiza a capacidade do fldor na reducdo da
desmineralizacdo do esmalte (Takeshita, Castro et al. 2009); (Moretto, Magalhaes et al.
2010); (Manarelli, Vieira et al. 2011); (Takeshita, Exterkate et al. 2011); (Favretto,
Danelon et al. 2013), e isso ocorreria provavelmente devido a capacidade de se ligarem

e permanecerem ligados a superficie do esmalte modificando a permeabilidade da
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mesma aos ions calcio, fluor e aos acidos presentes nos desafios cariogénicos
(McGaughey and Stowell 1977); (van Dijk, Borggreven et al. 1980); (Takeshita,
Exterkate et al. 2011). Sendo assim, pensando-se nas propriedades da romé e desse
fosfato juntamente com o fluoreto de sddio, o desenvolvimento de um enxaguatorio
bucal contendo esses compostos poderia contribuir consideravelmente na prevencgéo e

controle da doenca carie.
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Abstract

Dental caries is among the main and most common oral diseases. It is caused by acids
produced by microbial biofilm that lead to enamel demineralization. The prevention and
control of this chronic disease consist of periodic disorganization of the biofilm and the
promotion of dental remineralization. To address this problem, we associate Punica
granatum (pomegranate) peel extract (PPE) with sodium trimemtaphosphate (TMP),
and fluoride (F) in formulations for being used as mouthwash, and evaluate its efficacy
on reducing dental enamel demineralization process as well as its antibiofilm potential
against important oral pathogens present in dental caries (Streptococcus mutans ATCC
25175 and Candida albicans ATCC 10231). Bovine enamel blocks (4 mm x 4 mm)
selected by initial surface hardness (SHi) were randomly allocated according to groups
of formulation treatments (n= 12/group): ETF1 (3.0%PPE+0.2%TMP+100ppmF), TF1
(0.2%TMP+100ppmF), ETF2 (3.0%PPE+0.3% TMP+225ppmF), TF2
(0.3% TMP+225ppmF), F1 (100 ppmF), F2 (225 ppmF), and P (formulation without
E/T/F - placebo). The blocks were treated 2x/day with each formulation and submitted
to five pH cycles (demineralizing/remineralizing solutions) at 37°C. Next, final surface
hardness (SHf), integrated loss subsurface hardness (AKHN), and enamel fluoride (F)
calcium (Ca) and phosphorus (P) concentrations were determined. The percentage of
surface hardness loss (%SH) was calculated (%SH = [(SHf - SHi)/SHi)] x 100), and the
formulations which promoted lower percentages of enamel demineralization (%SH) and
its counterparts were selected to the antibiofim assays, as well as formulation containing
only PPE (E). For that, ETF2 and TF2 (%SH= -34.5% and -53.1% respectively), and
formulation E were used to treat for 1 or 10 minutes dual biofilms of C. albicans and S.
mutans grown for 24 hours on hydroxyapatite discs (HA). Demineralization of the
enamel surface was lower in samples treated with formulation ETF2, resulting in a 46%
decrease in %SH in comparison with F2. Again, the capacity to reduce the lesion body
(AKHN) was higher (~ 26%) with ETF2 in relation to F2, and F2 provided the highest
concentration of F, Ca and P in enamel surface. Amongst the mouthwash formulations
ETF2, TF2 and E, the highest rates of viable cells reduction were exhibited by treating
biofilm with ETF2 for 10 minutes regardless of the microorganism tested. In
conclusion, the addition of PPE (3%) in mouthwashes containing TMP (0.3) and F

(225ppm) promoted a considerably decrease in the mineral loss of dental enamel
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besides considerable reducing cariogenic biofilm formed by S. mutans and C. albicans.
It thus creates a promising prospect for the development of an alcohol free dental

commercial product with the millennial recognized health benefits of Punica granatum.

Keywords: Punica granatum; Polyphosphates; Desmineralization; Dental Enamel,

Antimicrobial
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1 INTRODUCTION

Dental caries is the most common polymicrobial oral disease in the world (Philip
and Walsh 2019) and although knowledge about caries increases, researchers and
dentists still struggle for better alternatives for the prevention and treatment of this
disease (Cheng, Li et al. 2015). The mouth has a polymicrobial flora composed of
bacteria and yeast that play an important role in the fermentation of sugar in acids that
lead to enamel demineralization. The main microorganisms involved in this process are
Streptococcus sp., Staphylococcus sp., Lactobacillus sp. and Candida sp (Takahashi and
Nyvad 2011, Emerenciano, Botazzo Delbem et al. 2018, Hemani and Gheenas 2018 ,
Arifa, Ephraim et al. 2019).

The prime mode of preventing the development and progression of dental caries
are: dental brushing, flossing, and the use of mouthwashes (Megalaa, Thirumurugan et
al. 2018, Pinni, Sakar Avula et al. 2018, Dentistry 2018 ). Mouthwashes have
advantages as easy application, antimicrobial and anti-inflammatory action in less
accessible regions for brush and floss, as well as for being a topical source of fluoride
(Favretto, Danelon et al. 2013, Megalaa, Thirumurugan et al. 2018). Studies showed the
effectiveness of sodium fluoride (NaF) solution at 0.02% (Chedid and Cury 2004,
Delbem, Tiano et al. 2006, Favretto, Danelon et al. 2013), and to further improve its
effectiveness this solution should be acidified (Delbem, Tiano et al. 2006) or
supplemented with phosphates (Favretto, Danelon et al. 2013). It has been proved that
the addition of sodium trimetaphosphate (TMP) can optimize the ability of fluoride (F)
to reduce enamel demineralization, and, this action would be related to the ability of this

phosphate to bind the dental surface, changing its permeability to calcium and fluoride
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ions (Takeshita, Castro et al. 2009, Moretto, Magalhaes et al. 2010, Manarelli, Vieira et
al. 2011, Takeshita, Exterkate et al. 2011, Favretto, Danelon et al. 2013).

Listerine® is a commercial mouthwash option, however studies show that the
presence of alcohol in these solutions can be irritating to the gums and cheeks (El-
Sharkawy, Mostafa et al. 2019, making the use uncomfortable for the patient, in
addition, there are few studies in the literature on the effectiveness of Listerine® without
alcohol(Guandalini Cunha, Duque et al. 2020).

In this sense, nature has enormous plant source with medicinal properties,
including Punica granatum. Considered "a pharmacy unto itself,” this fruit features
important properties such as antimicrobials, anti-inflammatories, astringents, and
antioxidant action, and with no significant toxic effect.(Ahuja, Dodwad et al. 2011,
Kukreja and Dodwad 2012). Punica granatum has been related as being beneficial in
reducing recurrent aphthous stomatitis pain and reducing the time of complete healing
(Ghalayani, Zolfaghary et al. 2013), as a preventive and therapeutic aid to periodontal
disease (Hajimahmoodi, Shams-Ardakani et al. 2011, Prasad and Kunnaiah 2014) and
as presenting antifungal activity against Candida spp. (Endo, Cortez et al. 2010). Plants
might use multiple strategies to deal with microorganisms that they are evolved over
time (Abreu, Coqueiro et al. 2017). For this reason, the secondary their metabolites
represent a large library of compounds that could potentiate the effects of known
antibiotics, and can be important sources for new drugs or compounds suitable for
further modification (Lu et al., 2017). The main chemical compounds present in Punica
garantum are: eicosanoic, linolenic conjugated, linolenic alpha, oleic, palmitic, punicic,
stearic, citric and malic acids, phenolic compounds such as gallic, coumaric acid,

catechin, phloridzin and quercetin, protocatechuic, chlorogenic, cafeic, and ferulic
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acid(Ahmadiankia 2019). According to Al Obaidi et al, 2017, ellagic acid, ellagitannins
(including punicalagin), punicic acid, flavonoids, anthocyanidins, anthocyanins, and
estrogenic flavonols and flavones are the compounds with greater therapeutic activity
(Al-obaidi, Muhsin et al. 2017 ).

Regardless of the antimicrobial and antiinflammatory effects of Punica
granatum have been well known in the literature, its action on the demineralization
dental process when associated with TMP and F need to be investigated. Furthermore,
considering the health risks lead by prolonged use of chemicals in the conventional
mouthwashes, the benefices of the bioactive compounds present in plants in preventing
oral and dental diseases, as well as the remarkable increase in interest of the population
in herbal medicine, the present study determined the anti caries effect of non-alcoholic
mouthwashes produced with pomegranate peel extract, TMP and low concentrations of

fluoride.

2 MATERIAL AND METHODS
2.1 Plant material and extraction procedure

Punica granatum (pomegranate) peel (dehydrated, crushed and sterilized) was
obtained from a single allotment of the Company Santos Flora (Santosflora Com. De
Ervas, Mairipord, SP - Brazil). The product has certificates from regulatory agencies
ANVISA, CETESB, IBAMA and FDA, in addition to pharmacopoeal and
microbiological analyzes. According to the characteristics of pomegranate peel, the
maceration process was used for the extraction process. Ethanol 70% GL (70° GL) was
used in a 1:3 ratio for 24 hours. This mixture was vacuum filtered, separating the crude

extract and draff. In this draff, ethanol 70° GL was added again, and the maceration

39



process was accomplished again. This process was repeated five times until no soluble
solids are present in the extract (“dry matter”), indicating possible drug exhaustion by
the extractor process. These 5 fractions were mixed and concentrated in a vacuum
rotoevaporator until the soft extract was obtained. Subsequently, the soft extract was
diluted in propyleneglycol, and characterized as the solids content (oven drying) where

it was standardized in % solids (30.1%).

2.2 Preparing the mouthwash formulations

The formulations were standardized according to their active principle in: 3%
PPE (E), 0.2 or 0.3% sodium trimetaphosphate (TMP), 100 or 225 ppm of fluoride (F),
besides these, were also used stabilizers, microbiological preservatives, chelators,
sweeteners, humectant and water and all formulations had their pH adjusted to 7.0
(Table 1).

Formulations ETF1(3% PPE + 0.2% TMP + 100 ppm F), TF1 (0.2% TMP + 100
ppm F), ETF2 (3% PPE + 0.3% TMP + 225 ppm F), TF2 (0.3% TMP + 225 ppm F), F1
(100 ppm F), F2 (225 ppm F) and P (placebo) were subjected to a pH cycling test and
the solutions with best performing were tested in mixed biofilm models of C. albicans
and S. mutans. in addition to these formulations, the formulation containing only 3%
pomegranate peel extract (E) and Listerine® (alcohol-free) were also tested on these

microorganisms (Figure 1).

2.3 Total phenolic quantification by colorimetric assay

To establish the total phenolics present in formulations containing Punica

granatum peel extract (PPE), an analytical curve of gallic acid was carried out
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(Waterman and Mole 1994, Fernandes, Berretta et al. 2018). All formulations and a
standard solution of gallic acid were prepared in a 50 mL volumetric flask using water
as a solvent. The formulations remained in an ultrasonic bath for 30 minutes. A 0.5 mL
aliquot was transferred to another 50 mL flask where 2.5 mL of Folin-Denis reagent
(Qhemis-High Purity, Hexis, Sdo Paulo, Brazil) and 5.0 mL of 29% sodium carbonate
(Cineética, S&o Paulo, Brazil) were added. The solutions were protected from light and
the readings were performed after 30 min in a UV-Vis spectrophotometer at 760 nm (de

Oliveira, de Castro et al. 2013).

2.4 Experimental design - pH cycling

Enamel blocks (4 x 4 mm, n = 84) of bovine incisors were stored in 2%
formaldehyde solution (pH 7.0) for 30 days at room temperature. The enamel surfaces
of the blocks were sequentially polished and selected by an initial surface hardness
(SHi) test of the total of blocks and the trust interval and then randomized (320.0 to
380.0 KHN) into 7 groups (n = 12 per group) (Figure 1): formulation containing 3.0%
PPE + 02% TMP + 100ppm F (ETF1), 0.2%TMP+100 ppm F (TF1)
3.0%PPE+0.3%TMP+225 ppm F (ETF2), 0.3%TMP+225 ppm F (TF2), 100 ppm F
(F1), 225 ppm F (F2), and formulation without F/TMP/PPE (P), (Table 1). The enamel
blocks were submitted to a pH cycling for five days and treated with each formulation
twice a day (1 minute), totaling seven days. After this, the blocks were submitted to a
final surface hardness (SHf), percentage of surface hardness loss (%SH), subsurface
hardness integrated loss (AKHN), fluoride (F), calcium (Ca) and phosphorus (P) in the

enamel.
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2.4.1 Determination of fluoride in solutions

The F concentration in the solution was determined using a specific electrode for
the F ion (9609 BN; Orion Research Inc., Beverly, MA, USA) attached to an ion
analyzer (Orion 720 Aplus; Orion Research Inc., Beverly, MA, USA) and calibrated
with standards containing 0.25 to 4.00 ppm F. Firstly, 1.0 mL of each product was
dissolved in deionized water and transferred to a volumetric flask. The volume was then
adjusted to 100 mL using deionized water. For each product, 3 dilutions were made.
Subsequently, 2 samples of 1 mL were buffered with total ionic strength adjustment
buffer (TISAB I1) (Delbem, Sassaki et al. 2003). The pH levels of the solutions were
determined with a pH electrode (2A09E, Analyser, S&o Paulo, Brazil) that was
calibrated with standard pH levels of 7.0 and 4.0 (Danelon, Takeshita et al. 2014)
2.4.2 Experimental solutions

The blocks from each group were subjected to five pH cycles at 37°C during a
procedure that lasted seven days (Vieira, Delbem et al. 2005). The blocks were
immersed in a demineralizing solution (DE: 2.0 mmol/L calcium and phosphate in 75
mmol/L acetate buffer, pH 4.7; 0.04 pg F/mL; 2.2 mL/mm?). After 6 hours, the blocks
were transferred to a remineralizing solution (RE: 1.5 mmol/L calcium, 0.9 mmol/L
phosphate, and 150 mmol/L KCI in 0.1 mol/L cacodylic buffer, pH 7.0; 0.05 mg F/mL,;
1.1 mL/mm?) for 18 hours. Deionized water rinses were performed between each step.
The treatment regimen consisted of 60 seconds soak in 1 mL/block of solutions under
agitation on a rotatory shaker, before the solution changes from DE (demineralizing) to
RE (remineralizing) and from RE to DE (twice a day). Deionized water rinses were
done between every step. In the last two days the blocks were kept in remineralizing

solution.
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2.4.3 Hardness measurements

The hardness of the enamel surface was determined using a microhardness tester
(Shimadzu HMV-2000e) and a Knoop diamond under a 25 g-load for 10 seconds. Five
indentations spaced 100 um apart were made at the center of the initial surface hardness
determination (SHi). After the pH cycling, final surface hardness (SHf) was calculated
by producing five other indentations (100 um from the baseline indentations). The
percentage of surface hardness loss (%SH) was calculated using the following formula:
%SH = [(SHf - SHi)/SHi)] x 100. For the analysis of longitudinal hardness, a section
was made in the center of each block and one of the halves included in acrylic and
polished resin. Micromet 5114 hardness tester microdurometer (Buehler, Lake BIuff,
USA) and Buehler Omni Met software (Buehler, Lake Bluff, USA) were used, loading
5 g for 10 s. A sequence of 14 impressions at distances of 5, 10, 15, 20, 25, 30, 40, 50,
70, 90, 110, 130, 220 and 330 um from the outer surface of the enamel was performed
in the central area of the blocks (Spiguel, Tovo et al. 2009). The integrated hardness
area (KHN x pum) from the lesion to the hard enamel will be calculated using the
trapezoidal rule (Graph Pad Prism, version 3.02) and subtracted from the hard enamel

hardness integrated area to obtain the integrated loss of subsurface hardness (A KHN).

2.4.4 Analysis of F, Ca e P concentration in the enamel
Blocks (n=12/per group, 2 mm X 2 mm) were obtained from the halves of the
original 4 mm x 4 mm specimens not embedded, and fixed with adhesive glue on a

mandrel for straight. Self-adhesive polishing discs (diameter, 13 mm) and 400-grit
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silicon carbide (Buehler) were fixed to the bottom of polystyrene crystal tube (J-10;
Injeplast, Sao Paulo, SP, Brazil). One layer of 50.0 + 0.03 um each enamel block was
removed. The vials, after the addition of 0.5 mL HCI 1.0 mol/L, were kept under
constant stirring for 1 hour (Weatherell, Robinson et al. 1985) modified by (Alves,
Pessan et al. 2007). For F analysis, specific electrode 9409BN (Thermo Scientific,
Beverly, MA, USA) and microelectrode reference (Analyser, S&do Paulo, Brazil) coupled
to an ion analyzer (Orion 720A+, Thermo Scientific, Beverly, MA, USA) was used. The
electrodes were calibrated with standards containing from 0.25 to 4.00 ug F/mL (100
ppm F, Orion 940907), under the same conditions as the samples. The readings were
conducted using 0.25 mL of the biopsy solution, buffered with the same volume of
TISAB Il modified with 1.0 mol/L NaOH (Akabane, Delbem et al. 2018). The results
were expressed in pg/mm?3. Calcium (Ca) analysis was performed using the Arsenazo 111
colorimetric method (Vogel, Chow et al. 1983). The absorbance readings were recorded
at 650 nm by using a plate reader (PowerWave 340, Biotek, Winooski, VT, USA).
Phosphorus (P) was measured according to (Fiske and Subbarow 1925), and the

absorbance readings were recorded at 660 nm. The results were expressed as pg/mm>.

2.5 Antibiofilm activity
2.5.1 Artificial saliva

Artificial saliva used in this experiment was based on the protocol of Lamfon et
al, (2013) and is composed by: 1L of deionized water was as follows: 2g yeast extract
(Sigma-Aldrich), 5g bacteriological peptone (Sigma-Aldrich), 2g glucose (Sigma-

Aldrich), 1g mucin from porcin stomach (Sigma-Aldrich), 0.35g NaCl (Sigma-Aldrich),
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0.2g CaCl, (Sigma-Aldrich) and 0.2g KCI (Sigma-Aldrich). The final pH was adjusted

to 6.8 using NaOH (Sigma-Aldrich) (Lamfon, Porter et al. 2003).

2.5.2 Microorganism strains and growth conditions

Two reference strains of American Type Culture Collection (ATCC) were used
in this study: Candida albicans ATCC 10231 and Streptococcus mutans ATCC 25175.
The strains were grown likewise as described by Arias et al, (2016). Candida albicans
cell quantities were adjusted using a Neubauer chamber and resuspended in saliva at
1x10" cells mI™* and Streptococcus mutans was adjusted by spectroscopy (Optical
densitysso Nm=1.6). at 1x10° cells (Arias, Delbem et al. 2016).
2.5.3 Preparation of hydroxyapatite discs (HA)

The HA discs were made and characterized according to Arias et al, (2016),
0.650 g of HA powder (Sigma-Aldrich) was added to a stainless steel die (SKAY, Séo
José do Rio Preto, Brazil) and taken to a hydraulic press where it was subjected to a
load of 25 t, with this process, discs were 13 mm diameter and 3 mm of thicknes were
obtained (Arias, Delbem et al. 2016). Then, the disks were sterilized using ethylene
oxide (Oximed — Tecnologia em esterelizacdo — So José do Rio Preto, SP — Brazil).
2.5.4 Biofilm formation

According to Pandit et al, (2018), the discs were positioned vertically on
supports made with orthodontic wires in 24-well plates (Pandit, Jung et al. 2018).
Before contacting a mixed biofilm of Candida albicans and Streptococcus mutans, the
discs were conditioned in 2 mL of artificial saliva for 1 hour incubated in 37°C at 5%
CO,. Then, the saliva was removed and 2 ml of mouthwhases ETF2, TF2, E and

Listerine® (positive control) were added and kept in contact with the discs for 1 minute.
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The discs were washed in saline solution, and subsequently 2 ml of the dual-inoculum
(C. albicans and S. mutans) was added to the HA discs which were previously
conditioned with each mouthwash. After, the 24-well plates were incubated (37°C; 5%
COy) for 24 hours and treated for 1 minute and 10 minutes with mouthwashes.

2.5.5 Number of cultivable cells (CFU)

The number of cultivable cells present in the mixed biofilm formed on the HA
discs was quantified by the number of colony forming units (CFU). HA discs were
added into falcon tubes containing 3 mL of saline solution, then tubes were taken to an
ultrasonic bath (Elmasonic p 30 H, Elma Schmidbauer GmbH, Baden-Wdrttemberg,
Germany) for 10 minutes and next, vortexed for 30 seconds and serial decimal dilutions
(saline solution) were plated on CHROMagar Candida (Difco) and BHI agar (BHI,
Difco) supplemented with amphotericin B at 7 ug ml™, respectively, for counting of
colonies of Candida albicans and Streptococus mutans. After 24 and 48 hours of
incubation, the number of viable colonies was quantified and expressed in log™ and
standardized per unit area (Log*® CFU cm™) of HA discs.

2.5.6 Biofilm pH assessment

The biofilms treated with the mouthwhash ETF2; TF2; E and Listerine®, were
transferred to new sterile falcon tubes and centrifuged for 5 minutes at 8000 rpm
(Combi — 514, Hanil Scientific Inc., Aayukro — Rep da Korea), then the supernatant was
filtered with 0.22 um membrane filter (Corning Inc., Corning, USA) and subsequently

the biofilm pH was measured (pH electrode - 2A09E, Analyser, S&o Paulo, Brazil).

2.6 Statistical analysis
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All assays were performed in triplicate on at least three independent days. The
SigmaPlot 12.0 program (Systat Software Inc., San Jose, USA) was employed for the
statistical analysis with a confidence level of 95%. The tests were subjected to the
normality test (Shapiro-Wilk) and after the appropriate parametric tests for each group

were conducted.

3 RESULTS
3.1 Total phenolics in mouthwash formulations

In 1915 Otto Folinn and W. Denis (Folin and Denis 1915) were the first to
describe a colorimetric method for the determination of phenols and its derivatives in a
liquid. It determines free and conjugated phenols, and it is based on the formation of
colored complex with metals by the reduction of the phosphotungstic-phosphomolybdic
acid reagent in a slightly alkaline medium. The wavelength absorbance of that colored
complex formed is measured and related to the concentration of the phenolic mixtures
in a plant extract. Table 2 illustrates the mean of total phenols expressed as gallic acid
(mg/mg), found in each formulation containing 3% PPE (ETF1, ETF2 and E
formulations), using the Folin-Denis colorimetric test. The total phenolics content
(mg/g) in each formulation containing PPE was very similar (an average of 11.54
mg/g), and corresponded to 10% of the pomegranate glycolic extract produced by the

extraction method described in section 2.1.

3.2 PPE enhances the TMP and F potential in reducing the demineralization of the

enamel surface
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The pH cycling model involves the exposure of substrates (enamel or dentin) to
combinations of demineralization and remineralization experiments, which are designed
for the dynamics of loss and gain of minerals involved in the dental caries process. Due
to these fundamental advantages, pH cycling models collaborate to improve the
understanding of the caries process and the possible mechanisms by which fluoride,
phosphate and PPE exert on the anti-caries effect.

The average pH of all mouthwash solutions was adjusted to 7.0. The mean SH
of all blocks was 364.6 (SD 9.8) KHN (p = 0.533). No significant differences were
observed among the groups after random allocation (p = 0.474). The use of solution F2
(225F) resulted in a 13% decrease in %SH in comparison with solution F1 (100F)
(Table 3). The demineralization of the enamel surface was lower in samples treated with
solutions ETF2, resulting in a 46% decrease in %SH in comparison with solution F2 (p
< 0.001). In addition, the capacity to reduce the lesion body (AKHN) was higher (~
26%) with the solution ETF2 (p > 0.001) when compared to solution F2 (p < 0.001)
followed by F2 = solution ETF1= solution TF2 > solution ETF1 > solution F1 >
solution P (p < 0.001) (Table 3).

Similar and high amounts of F were observed for solution F2, ETF2 and TF2 (p
> 0.001). With solution F2, enamel Ca concentration was increased by ~ 30% when
compared to solution F1 (p < 0.001). No significant difference was observed among the
solution F1, ETF1, ETF2 and TF2 regarding enamel Ca concentrations except for the
Placebo (P), which showed a lower concentration (p < 0.001). Phosphorus
concentrations in enamel were higher for the solution F2 when compared with the

solution F1 = solution ETF1 = solution TF1 = solution ETF2 = solution TF2 (p >
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0.001), and solution P the lowest concentration when compared to the other solutions (p

<0.001) (Table 3).

3.3- Mouthwash formulations inhibited biofilm cells proliferation and interfered in
the biofilms pH

Pomegranate peel extract associated with TMP and F in mouthwash formulation
reduces viable cells of Candida albicans and Streptococcus mutans biofilm.

In vitro biofilm assays were conducted using reference strains of important oral
pathogens involved with dental caries to verify if PPE could act in association with
TMP and F inhibiting C. albicans and S. mutans proliferation cells in biofilms grown
for 24 hours on HA discs by exposition of mouthwash formulations. To further
determine whether increasing exposure time of the biofilm to mouthwash formulations
improved their effectiveness, we treated 24h-biofilm for 1 and 10 minutes. Also, in
order to elucidate the effect of mouthwashes in the biofilms environmental, the pH of
24-hours biofilms treated for 1 and for 10 minutes was measured.

As presented in Figure 2 and 3, all mouthwashes significantly reduced the
biofilm cells for both C. albicans and S. mutans respectively. Similarly as the positive
control (Listerine®), formulations ETF2, TF2 and E produced an expressive significant
reduction of C. albicans biofilm cells in comparison with the negative control group (p
< .001). Although there was no significant difference between 1 and 10 minutes of
treatment with ETF2, TF2 and E, the percentages of C. albicans biofilm reduction were
considerably increased with 10 minutes exposure (Table 4). The results also
demonstrated that the S. mutans biofilm cells exposed for 10 minutes with formulations

ETF2 and TF2 were significantly more susceptible than for 1 minute exposure (p<
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.001), while for formulation E and positive control, time of exposition had no
significant influence on the reduction of S. mutans cells (p> .05). Among the
mouthwash formulations ETF2, TF2 and E, the highest rates of viable cells reduction
were exhibited by formulation ETF2 at 10 minutes of treatment regardless of the
microorganism tested (Table 4).

As shown in Table 5, the highest pH were found in biofilms which received no
treatment (negative control) and those treated with Listerine® (positive control),

followed by biofilms treated with E, ETF2 and TF2 mouthwash formulations.

4 DISCUSSION

Know asthe most common microbial dental tissue disease, the dental caries, is
caused by the lack of dynamic balance between the processes of remineralization and
demineralization of the enamel surface. Rich in ions, like calcium and phosphate, saliva
has an important role in this process determining that the pH value where
demineralization occurs in 5.5, below this reference value, the acids produced by oral
biofilms can act in the enamel structure which can lead to an excessive loss of mineral
and consequent cavitation (Jyotika, Anil et al. 2019)

The main finding of this study is that association of PPE (3%) with TMP (0.3%)
and F (225 ppm) (ETF2) resulted in a 46% decrease in% SH compared to the
formulation containing only 225 ppm F (F2) and a 35% reduction in% SH when
comparing the TF2 and ETF2, namely, the presence of pomegranate peel extract in
association with TMP and F encourages a reduction of mineral loss on the enamel

surface.
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The action of TMP and fluoride in the anti-caries process is already well
established (Favretto, Danelon et al. 2013, Takeshita, Danelon et al. 2015, Danelon,
Pessan et al. 2017, Manarelli, Delbem et al. 2017, Akabane, Delbem et al. 2018,
Emerenciano, Botazzo Delbem et al. 2018). Studies show that TMP can be adsorbed on
the enamel surface, reducing demineralization since this process can hinder acid
diffusion and alter the affinity between enamel and saliva proteins (Nordbo and Rolla
1972, Takeshita, Castro et al. 2009, Danelon, Takeshita et al. 2014, Cavazana, Hosida et
al. 2019)

However the action of the pomegranate isolated and in association with these
active ingredients had not yet been investigated. Although the literature doesn’t show
studies evaluating the anti-caries pomegranate action, this effect is proven by several
other extracts such as: cacao bean, liquorice, brazilian green propolis, tea leaves,
nutmeg, and etc, and these studies show that this activity is associated with polyphenols
present in extracts. (Onishi, Umemura et al. 2008, Zhang, Xue et al. 2009). The
literature clearly shows how pomegranate is rich in polyphenols (as punicalin,
punicalagin, gallic and ellagic acid amongst other)(Ismail, Sestili et al. 2012), and also
calcium, magnesium, phosphorus, potassium and sodium, mostly found in the peel of
this fruit (Esawya, Ragaba et al. 2019). Zhang et al, (2009) evaluated the action of Galla
chinensis extract on the bovine enamel matrix subjected to acidic challenges, and found
that the monomeric and polymeric polyphenols interacted with this organic enamel
matrix (through covalent, ionic, hydrogen bonding or hydrophobic processes) (Pierpoint
1969, Loomis 1974, Han, Jaurequi et al. 2003, Zhang, Xue et al. 2009) leading to a
metamorphism of this matrix that precipitated and decreased loss of ions in the enamel

structure. Another possible action is the binding of the compounds present in the extract
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to the crystals surface of enamel thus preventing its demineralization, in addition to
facilitating the deposition of more ions on the surface (through ion carrier) (Tian, Li et
al. 2009, Kim and Jin 2018). There are also studies showing that gallic acid (present in
pomegranate) can function as a calcium ion transporter, favoring the remineralization
process (Cheng, Li et al. 2008).

Although the beneficial effects of Punica granatum in process of
demineralization and remineralization of tooth enamel have still not been evaluated in
literature, there are plenty studies that prove its anti-inflammatory, antioxidant and
antimicrobial activity (Alkathiri, EI-Khadragy et al. 2017, Vucic, Grabez et al. 2019,
Baradaran Rahimi, Ghadiri et al. 2020) that are compatible with our results.

The antimicrobial effect of the mixed biofilm formulations of C. albicans and S.
mutans formed for 24 hours and treated for 1 and 10 minutes showed that, although
there is no statistical difference between formulations ETF2 TF2 and E, they all
significantly reduced the number of viable cells. And formulation ETF2 was superior to
the others, except for S. mutans with 1 minute of treatment. The mechanism of action of
the compounds present in the formulations and the specific characteristics of the
microorganisms tested (bacteria and fungus), may have directly influenced these results.

S. mutans is a facultative anaerobic gram-positive bacteria present in dental
biofilm and is one of the numerous etiological factors of dental caries (Farkash,
Feldman et al. 2019). The virulence factors of these bacteria are related to acidogenic
(production of lactic acid mainly), aciduric properties, in addition, these bacteria use
sucrose from the diet to synthesize large amounts of extracellular polysaccharides (EPS)

mostly glucans synthesized by glucosyltransferases (Brighenti, Luppens et al. 2008,
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Gulube and Patel 2016, Cavazana, Hosida et al. 2019, Farkash, Feldman et al. 2019,
Philip, Leishman et al. 2019).

C. albicans, on the other hand, is an opportunistic pathogenic fungus (Kim and
Sudbery 2011, Farkash, Feldman et al. 2019) and its virulence is related to the transition
from its yeast form to hyphae (Finkel and Mitchell 2011). This fungus is known to be a
colonizer of caries lesions (Philip, Leishman et al. 2019) and also has the ability to
produce acids and EPS (Farkash, Feldman et al. 2019).

The symbiotic relationship between S. mutans and C. albicans enables the
formation of an improved biofilm in vitro and in vivo.(Farkash, Feldman et al. 2019,
Philip, Leishman et al. 2019).

The phenolic compounds present in the extracts are responsible for the
antimicrobial activity (Brighenti, Luppens et al. 2008). In general, the antimicrobial
activity of Punica granatum peel extracts might be due to the presence substantial
quantities of phytocompounds like flavonoides (such as Quercetin, Rutin, Naringenin,
Luteolin, Pelargonidin, Prodelphinidin, Kaempferol, and Flavan) (Shafighi, Amjad et al.
2012), and tannins hydrolyzable (including methyl gallate, peduncalagin, punicalin, ,
punicalagin, gallic and ellagic acid). This phytocompounds, can act on the cell wall and
cell membrane of microorganisms since they can precipitate proteins, in addition to
inhibiting enzymes such as glycosyltransferase, making hard the adhesion of
microorganisms. (Ismail, Sestili et al. 2012, Aravindraj, M. Preethi et al. 2017).

Scalbert in 1991 showed that tannins have antimicrobial activity against fungi
and bacteria (Scalbert 1991), Koo et al. (2006) observed that cranberry juice inhibited
the activity of the enzyme glycosyltransferase in biofilms of S. mutans (Koo, Nino de

Guzman et al. 2006). Brighenti et al. (2007) observed through proteomic studies that the
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P. cattlelanum extract inhibited proteins responsible for RNA synthesis, and in S.
mutans was observed the reduction of seven important proteins in carbohydrate
metabolism and lactic acid production, this mechanism is directly linked to the
development of dental caries (Brighenti, Luppens et al. 2008). Farkash et al. (2019)
observed that the combination of polyphenols from Tibetan medicine and green tea has
the ability to inhibit the growth of S. mutans and C. albicans by reducing the number of
cells and the production of EPS (Farkash, Feldman et al. 2019).

Vasconcelos et al. (2006) who tested a gel formulated with Punica granatum in
Candida albicans and Streptococcus mutans (isolated and combined) and observed a
significant action against Candida albicans, but not as higher as the commercial
antifungal Miconazole.(Vasconcelos, Sampaio et al. 2006). Endo et al. (2010) also
demonstrated a strong activity of Punica granatum crude extract against C. albicans,
showing through transmission electron microscopy morphological changes on the cells
such as irregular budding patterns and pseudohyphae, thickening of the cell wall,
changes in the space between the cell wall and the plasma membrane, as well as a
reduction in the cytoplasmic content (Endo, Cortez et al. 2010). Gulube and Patel
(2016) showed that P. granatum extract can affect the production of acid and EPS in a
biofilm of S. mutans and these results did not harm the balance of the oral microbiota
(Gulube and Patel 2016) .

In addition, the association of TMP and F with the extract may have contributed
to the antimicrobial action. Cavazzana et al, (2019) showed that TMP and F reduced the
number of viable S. mutans cells, and TMP (0.25% without F) decreased the total
biomass and extracellular matrix components of a C. albicans and S.mutans biofilm

(Cavazana, Hosida et al. 2019).
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Another interesting data found in our study is that the pH of biofilms after
treatment for 1 and 10 minutes were acidic, mainly for biofilms treated with
formulations ETF2 and TF2, and even with these values we can observe reductions
between 1 and 2 logs for the biofilms of C. albicans and S. mutans when treated with
the developed formulations. These pH values were also found by other authors when the
biofilms were treated with extracts and F. Pandit et al. (2018) where a biofilm of S.
mutans formed for 22 hours and treated for one minute with 100 and 300 ppm of F
(Pandit, Jung et al. 2018). Brighenti et al. (2008) evaluated the evaluated the pH below
5.0 for a biofilm of S. mutans 30 minutes after the start of measurements (Brighenti,
Luppens et al. 2008).

In addition, to the scarcity of studies proving the effectiveness of Listerine®
without alcohol, Guandalini et al. (2020) showed that Listerine® without alcohol was
diluted four times to avoid being considered toxic in HaCaT epithelial cells (Guandalini
Cunha, Duque et al. 2020). Park et al. (2014) also showed that Listerine® without
alcohol reduced the cell viability of stem cells of the buccal adipose. Unlike Listerine®
(Park, Lee et al. 2014), the extract of P. granatum used for the development of the
formulations did not show a cytotoxic effect on L929 fibroblast cells (unpublished
data).

In conclusion, the addition of PPE (3%) in mouthwashes containing TMP (0.3)
and F (225ppm) promoted a considerably decrease in the mineral loss of dental enamel
besides substancitial reducing cariogenic biofilm formed by S. mutans and C. albicans.
It thus creates a promising prospect for the development of an alcohol free dental

commercial product with the millennial recognized health benefits of Punica granatum.
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FIGURES E TABLES

Constituent

Mouthwash Formulation

ETF1 TF2 ETF2 TF2 E F1 F2 P

Pomegranate Peel Extract (PPE) 10,40 - 10,40 - 10,40 - - -
Stabilizers 0,50 0,50 0,50 0,50 0,50 0,50 0,50 0,50
Microbiological Conserver 0,10 0,10 0,10 0,10 0,10 0,10 0,10 0,10
Chelating 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01
Sodium Fluoride (F) 0,02 0,02 0,05 0,05 - 0,02 0,05 -
Sodium Trimetaphosphate (TMP) 0,20 0,20 0,30 0,30 - - - -
Sweetener | 7,50 7,50 7,50 7,50 7,50 7,50 7,50 7,50
Humectant 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00
Purified water g.s. 100 100 100 100 100 100 100 100

TABLE 1 Groups of mouthwash formulations designed according its constituents (g)

Samples

Total phenols expressed as gallic acid (meanzSD)

Pomegranate Glycolic Extract

114,98 * 3,55

TABLE 2 Concentration of phenolic compounds (mg/g) in samples.
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Formulation ETF1
Formulation TF1
Formulation ETF2
Formulation TF2
Formulation E

Formulation P

11,48 + 0,22
0,54 +£0,07
11,59 £ 0,55
0,53 +0,07
11,56 £ 0,01
0,49 £ 0,06

TABLE 3 Mean (SD) of variables analyzed according to mouthwash formulations

treatments.

Formulation e e - 3 Gl 3 a 3
(KHN) (KHN x um)  (ug/mm?)  (ug/mm®) (Hg/mm°)

b -87.4° 6734.9° 0.5° 156.6° 155.3?

(3.2) (1217.9) (0.2) (33.1) (33.6)

F1 -73.4° 5046,4° 0.6° 207.5° 211.1°

(4.5) (778.5) (0.4) (63.7) (75.4)

- -64.1° 3810.1° 1.2° 269.4° 281.1°

(5.0) (842.2) (0.4) (51.2) (94.0)

ETEL -51.7¢ 3710.7° 0.7° 218.1° 224.5°

(7.1) (973.0) (0.3) (65.6) (72.6)

TF1 -60.5° 4510.2¢ 0.7° 212.3° 227.0°

(8.1) (621.9) (0.2) (85.3) (99.1)

ETE2 -34.5' 2814.2° 1.0° 253.2° 192.4°

(4.4) (975.3) (0.3) (71.9) (73.0)

TE2 -53.1¢ 3878.1° 0.9° 188.2° 221.7°

(5.0) (853.8) (0.9) (28.4) (79.1)

Different superscript letters indicate significant differences among the treatments for each

variable separately. (One—way ANOVA, followed by Student-Newman-Keuls test; p<0.001).

TABLE 4: Percentage of reduction of C. albicans and S. mutans dual-biofilms formed

for 24 hours and exposed to different treatments for 1 or 10 minutes.

%o Biofilm reduction

Biofilm-24h

Candida albicans

Streptococcus mutans

Groups/Treatment (min) 1

10

1
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ETF2 26 36 12 36

TF2 17 32 11 28
E 20 32 25 28
Positive control 42 - 53 56

Negative control - - - -

TABLE 5: pH values of C. albicans and S. mutans dual-biofilms formed for 24 hours and

exposed to different treatments for 1 or 10 minutes.

pH
Biofilm-24h
Candida albicans and Streptococcus mutans
Groups/T_reatment 1 10
(min)
ETF2 5.15 5.20
TF2 5.10 5.09
E 5.28 5.28
Positive control 5.67 5.51
Negative control 5.45 551
Experimental Design ]

pH cycling:
ZoSH: A KHN;

analysis of F,
CaelP
ETF1

Formulations:
Determination of

F and Ph
ETF1

Biofilm: CFU and

pH assessment
ETF2

TF1
ETF2
TF2
F1
F2
E
P

TF2
E
Listerine®

TF1
ETF2
TF2
F1

F2
p

ETF1: 3.0%PPE+0.2%TMP+100ppmF; TF1: 0.2%TMP+100ppmF; ETF2: /
A NTPPELN 2T TAAPLODENINnAAE: TED. O RTZTAADAOIDEN~AE: Ee 2 N7 DPPE: E1- 100~ AAE: ED-
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FIGURE 1 Workflow of experimental design according to the analysis carried out in the

present study.

FIGUREZ2: C. albicans biofilm treated for 1 or 10 minutes

Effect of treatment with solutions for 1 and 10 minutes on C. albicans biofilm cells. The data represented
the mean = SD from five groups. * p<.05 versus negative control; # ETF2 (1 min), TF2 (1min) e E (1 min)
versus C+ (1 min).

FIGURE 3: S. mutans biofilm treated for 1 or 10 minutes
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Effect of treatment with solutions for one and 10 minutes on S. mutans biofilm cells. The data represented
the mean + SD from five groups. * p<.05 versus negative control; # ETF2, TF2 and E versus positive
control; --- ETF2 (1 min) versus ETF2 (10 min), and TF2 (1 min) versus TF2 (10 min).
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1. Obtencéo do extrato da casca de roma

A parceria com a Apis Flora (Indl. Coml. Ltda, Ribeirdo Preto, SP), sob a
supervisdo da farmacéutica e pesquisadora responsavel pela empresa Dra Andresa
Aparecida Berretta e Silva, permitiu o desenvolvimento das formulacbes para
enxaguatorio tendo como base extrato da casca de romd. Foi realizada a compra via
empresa Apis Flora da casca desidratada da rom4, ja triturada, e esterilizada da empresa
Santosflora Comércio de Ervas, que é distribuidora, importadora e exportadora de ervas
e apresenta certificado da Food and Drug Administration (FDA).

Inicialmente o processo de obtencao do extrato da casca da roma proposto seria
de maceracdo e percolacdo em etanol. Contudo, como o pé da casca da roma
apresentou-se extremamente fino, ele impediu a filtracdo pelo percolador, o que
inviabilizou seu uso para o processo de extracdo. Assim, seguiu-se com a extracao
utilizando-se somente a maceracdo com etanol 70° GL na proporcao de 1:3, por 24
horas. Essa mistura foi entdo filtrada a vacuo, separando-se o extrato bruto e a borra. Na
borra, adicionou-se novamente etanol 70° GL, e 0 processo de maceragdo foi novamente
realizado. Esse processo foi repetido por 5 vezes até que ndo se observasse mais a
presencga de solidos soluveis no extrato (“dry matter”), indicando possivel esgotamento
da droga pelo processo extrator. Essas 5 fragOes foram misturadas e concentradas em

um rotoevaporador a vacuo até obtencao do extrato mole (Fig. 1).

Figura 1. Extrato mole
(bruto) da casca da roma
apds a rotoevaporagao.
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Em seguida, o extrato mole foi pesado e diluido em agua deionizada a fim de se
obter concentracOes de 1%, 3%, 6% e 12% e se verificar a capacidade de dilui¢do do
extrato mole nessas concentragdes (Fig. 2a). Em seguida, todas as concentra¢es foram
centrifugadas por 30 minutos a 8000 rmp (Fig. 2b) e, em todas elas, observou-se a

formacao de precipitado de extrato (Fig. 2c).

Figura 2. a) extrato mole pesado e
apos diluicdo em &gua deionizada; b)
solugdes nas diferentes concentraces
para serem centrifugadas; c) extrato
apos centrifugagdo.

Em vista desses resultados, decidiu-se substituir a agua por uma solucdo
contendo o copolimero em bloco Poloxamer 407, composto que fica soltvel na forma
de unimeros mas que se modifica para micelas, sendo capaz de tornar sollvel
compostos que sao insolveis na agua (Dumortier et al. 2006). Paralelamente, também
se utilizou o co-solvente propilenoglicol buscando-se também evitar a precipitacdo do
extrato. Nesse caso, o extrato mole foi ressuspendido a quente (aproximadamente 75° C)
em propilenoglicol de forma a se obter um extrato bruto a 35% m/m de solidos. O
extrato resultante foi entdo centrifugado por 30 minutos a 3000 rpm e o sobrenadante
foi separado. Caracterizou-se 0 extrato quanto ao teor de sélidos (secagem em estufa) e
padronizou-se 0 mesmo em % de solidos (35%).

2. Teste microbioldgico para selecdo da concentragdo do extrato nas formulagGes
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para enxaguatorio

Tempo de morte celular

Com os extratos a 1%, 3%, 6% e 12% diluidos em propilenoglicol, realizou-se o
ensaio de tempo de morte celular dos microrganismos alvo (C. albicans ATCC 10231) e
S. mutans ATCC 35668) buscando-se a concentracdo mais efetiva para a preparacdo da
formulacdo para enxaguatorio. Contudo, na concentracdo de 12% ndo foi possivel
realizar a diluicdo do extrato, independente do solvente selecionado. Os tempos de
contato dos extratos com os microrganismos foram de: 0,5, 1, 2, 3, 4, 5 e 10 min. Os
ensaios foram realizados em triplicata em trés ocasides diferentes e estdo descritos na
tabela a seguir (Tabela 1).

Tabela 1. Médias e desvios-padrdo das células de Candida albicans e Streptococcus mutans nos
diferentes tempos de avaliagdo (T0-T10) apds serem submetidas aos extratos da casca de roma diluidos
em propilenoglicol nas diferentes concentracdes (1, 3 e 6%).

Candida albicans

Tempo (min)

EXTRATO 1% T0 70,5 T1 T2 T3 T4 T5 T10

Média de cada 6,26 4,94 6,18 5,53 5,29 5,50 5,12 5,39

triplicata 6,49 5,26 5,01 5,38 5,35 5,55 4,71 5,72

(logyCFU/em?) 6,44 5,29 7,09 5,56 5,29 5,32 5,29 5,68

Média 6,40 5,17 6,10 5,49 5,31 5,46 5,04 5,60

DV 0,09 0,15 0,72 0,07 0,03 0,09 0,22 0,14
EXTRATO 3%

Média de cada 5,72 5,44 5,50 5,63 4,82 5,42 5,14 5,72

triplicata 5,77 5,20 5,22 5,68 5,63 5,74 5,44 5,83

(logy,CFU/em?) 5,84 5,34 5,28 5,71 5,67 5,67 3,46 5,80

Média 5,77 5,33 5,33 5,68 5,37 5,61 4,68 5,78

DV 0,04 0,08 0,11 0,03 0,37 0,13 0,81 0,04
EXTRATO 6%

Média de cada 5,97 5,66 5,59 5,84 5,01 5,77 5,72 5,86

triplicata 5,72 5,60 5,69 5,71 5,28 5,92 5,12 6,28

(log;oCFU/cm?) 5,90 5,56 5,09 5,79 5,56 5,80 5,42 5,63

Média 5,87 5,33 5,46 5,78 5,28 5,83 5,42 5,92

DV 0,09 0,04 0,24 0,05 0,19 0,06 0,20 0,24

Streptococcus mutans
Tempo (min)

EXTRATO 1% T0 T0,5 T1 T2 T3 T4 T5 T10

Média de cada 8,49 8,00 8,65 8,56 8,34 8,48 8,50 8,58

triplicata 8,65 8,48 8,07 8,37 8,68 8,48 8,65 8,61

(log;oCFU/cm?) 8,54 8,59 8,60 8,58 8,54 8,31 8,44 8,59

Média 8,56 8,35 8,44 8,50 8,52 8,42 8,53 8,59

DV 0,06 0,24 0,25 0,09 0,12 0,07 0,08 0,01
EXTRATO 3%

Média de cada 8,57 8,65 8,39 8,69 4,09 7,98 8,26 7,97

67



Anexos

triplicata 8,67 8,42 8,39 7,28 4,18 8,03 7,94 8,00

(log;oCFU/cm?) 8,38 8,52 8,52 8,83 8,18 8,04 8,26 7,77

Média 8,54 8,53 8,43 8,27 5,49 8,02 8,15 7,91

DV 0,11 0,08 0,05 0,66 1,80 0,02 0,14 0,10
EXTRATO 6%

Média de cada 8,53 8,41 8,18 7,55 7,94 7,83 7,90 7,44

triplicata 8,16 8,09 8,24 7,71 8,18 7,85 7,88 7,46

(log;oCFU/cm?) 8,53 8,43 8,18 7,80 7,95 7,84 8,01 7,53

Média 8,41 8,31 8,20 7,69 8,03 7,84 7,93 7,48

DV 0,16 0,15 0,03 0,09 0,11 0,01 0,05 0,03

Com base em dados prévios obtidos em ensaios antimicrobianos realizados com
extrato da casca de roma no laboratério de microbiologia da Apis Flora e por ndo ter
ocorrido diferenca entre as concentracdes de 1, 3 e 6% considerando-se o tempo de
aplicacdo de um exaguatdrio de 1 minuto, selecionou-se a concentracdo de 3% para o
desenvolvimento da formulacdo inicial para enxaguatério. Ja as concentracbes de TMP
e fluoreto foram baseadas no trabalho de Favretto et al. 2013, ou seja, 0,2% de TMP

com 100 ppm de F e 0,3% de TMP com 225 ppm de F.

Microdiluicdo em caldo: minima concentracao inibitéria (MIC)

Seguindo-se a sugestdo dada pelo parecerista da FAPESP, realizou-se também
ensaios da microdiluicdo em caldo para se obter as minimas concentragdes inibitdrias do
extrato da casca de romd contra células plancténicas de Candida albicans e
Streptococcus mutans, seguindo-se as normas estabelecidas pela Clinical and
Laboratory Standards Institute (CLSI, Documentos M27-A2 e MQ7-A9). Assim, para
esse ensaio um novo extrato com uma concentragdo de 25% (250 mg/ml) diluido em
propilenoglicol e 4&gua foi preparado. O extrato foi efetivo contra ambos
microrganismos, com valores de MIC de 0,97 e 1,95 mg/ml respectivamente para C.

albicans e S. mutans.
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Figura 3. Ensaio microdiluicdo em
caldo e atividade fungicida/bactericida
do extrato da casca de romd: para C.
albicans (a) e para S. mutans (b).

3. Desenvolvimento da formulacdo liquida composta por extrato da casca da roma,
TMPeF

A partir dos resultados prévios dos testes microbioldgicos com os extratos da
casca da romd, a concentragdo de 3% de extrato foi selecionada para o preparo das
formulacdes de enxaguatdrio bucal. Foram desenvolvidas 6 formulagGes liquidas e
testou-se o halo de inibicdo para C. albicans ATCC 10231 de cada uma delas, como

mostra a Tabela 2 e Figura 4.

Tabela 2. Composicdo das formulagbes liquidas e medidas dos halos de inibigdo para C.
albicans.

Halo de inibicdo (mm) para C.

Formulagéo Composicéo e
A Com polaxamer e propilenoglicol 17
B Sem poloxamer 17
C Sem fluor 16
D Sem TMP 16
E SemFe TMP 17
E Substituindo poloxamer por goma 19

Xantana e goma arabica
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Figura 4. a: Halo de inibicdo para
C. albicans das formulagdes A-B-
C-D. b: Halo de inibicéo contra C.
albicans das formulagdes E-F.

Com esse ensaio, observou-se que os compostos adicionados ao extrato para o
preparo das formulagdes ndo prejudicaram a atividade antimicrobiana do extrato da
casca da romd. No entanto, ao passar pelo processo de centrifugacdo para avaliar a
estabilidade dessas formulacdes, foi possivel observar uma pequena sedimentacdo de
solidos. Isso provavelmente se deve as caracteristicas do pé da casca de roma ser muito
fino e possivelmente passar através do filtro selecionado para o processo de extragdo.

Assim, um novo extrato foi preparado a partir da extracdo com etanol a 70% v /
v por maceracao e filtracdo. Em resumo, foi adicionado 1 kg de casca de romd em pé a
um Erlenmeyer contendo 2,5 L de uma solucdo de etanol (70% v / v) por
aproximadamente 12 horas para sedimentacdo do pd. A seguir, a solucdo foi filtrada
com um filtro 0,22 e o extrato obtido foi concentrado em um evaporador rotativo sob
pressdao reduzida e temperatura controlada de 40-60°C (extrato bruto). Apds a
evaporacdo do solvente, o extrato bruto foi resolubilizado em propilenoglicol. Em
sequida as 6 formulacdes (A a F, Tabela 2) foram novamente preparadas (Tabela 3).
Todas passaram pelo processo de centrifugacdo durante 30 minutos e observou-se que
ndo houve a deposicdo de soélidos, demonstrando, assim, uma estabilidade da

formulacéo.

70



Anexos

Tabela 3. Composicdo das novas formulagdes feitas com extrato da casca de roma a 3% (m/m).

Matéria- Quantidade (g)
prima/funcéo A’ B’ C D’ E’ P
Extrato glicolico da
casca de roma 10,40 10,40 - - 10,40 -
Estabilizante 0,50 0,50 0,50 0,50 0,50 0,50
Conservante
microbiolégico 0,10 0,10 0,10 0,10 0,10 0,10
Quelante 0,01 0,01 0,01 0,01 0,01 0,01
Fluoreto de sodio 0,02 0,05 0,05 0,02 - -
TMP 0,20 0,30 0,30 0,20 - -
Edulcorante | 7,50 7,50 7,50 7,50 7,50 7,50
Edulcorante Il 10,00 10,00 10,00 10,00 10,00 10,00
Agua purificada g.s.p 100 100 100 100 100 100

Teste de Folin-Denis para determinar as concentracdes de totais fenélicos nas formulacdes

A tabela 4 ilustra os ensaios em triplicata para cada formulagdo desenvolvida
com extrato da casca de roma a 3% e a quantificacdo de fendis totais por meio do teste
colorimétrico de Folin-Denis. Como esperado, foi possivel detectar quantidades de

fendis apenas nas formulagc6es contendo romé (extrato glicdlico, Formulagdo A, B e E).

Tabela 04. Concentracdo de compostos fendlicos no extrato glicélico de roma e nos enxaguatdrios obtidos

(n=3).
Amostras avaliadas Fendis totais expressos em acido galico (mg/mg)
(média+SD)
Extrato  Glicolico de Romai 114,98 + 3,55
(30%p/v)
Formulagdo A 11,48 £0,22
Formulacdo B 11,59 £ 0,55
Formulagdo C 0,54 + 0,07
Formulacdo D 0,53 + 0,07
Formulacéo E 11,56 £0,01
Formulagdo F 0,49 £ 0,06
4. Microdilui¢cdo em caldo: minima concentracéo inibitoria (MIC) das formulagtes
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Foram realizados novos ensaios de microdiluicdo em caldo para determinacéo
das MICs para C. albicans e S. mutans de todas as formulagdes. N&o houve
concentracdo bacteriostatica/bactericida ou fungistatica/fungicida para as formulagoes
C, D e F, uma vez que essas amostras ndo apresentam o ativo do extrato da casca de
roma. Ja para as formulagdes A’, B’ e E’ e para o extrato houve atividade

antimicrobiana como é demonstrado na Tabela 5.

Tabela 5. Valores de MIC (MBC/MFC) para C. albicans e S. mutans.

MBC/MFC baseados nas concentragdes de solidos da casca de roma (mg/mL) presentes nas formulacées

S. mutans C. albicans
Formulagdo A’ - Pogo 3: 4 mg/mL
Formulagio B’ - Pogo 3: 4 mg/mL
Formulagdo E’ - Poco 3: 4 mg/mL
Extrato Poco 6: 5,12 mg/mL Poco 6: 5,12 mg/mL

Figura 5. Plagueamento dos MICs das formulagdes para C.albicans: a) Formulagdo A’; b) Formulagdo B’; ¢) Extrato; d) Formulagéo E’.
Plagueamento dos MICs das formulag@es para S.mutans: e) Formulagéo A’; f) Formualagdo B’; g) Extrato; h) Formualagao E’.

Além disso, foi realizado um teste piloto de ciclagem do enxaguatorio em seis

blocos de dentes bovinos. Os blocos foram imersos em uma solucdo desmineralizadora
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por 18 horas e em uma solugdo remineralizadora por 8 horas. Apés 18 h e, solugdo
desmineralizadora, os blocos foram removidos, lavados com &gua deionizada e imersos
na formulagdo para enxaguatorio por 1 minuto. Foram, entdo, novamente lavados e
imersos em solugdo remineralizadora. Passados as 8 horas em solugéo remineralizadora,
os blocos foram submetidos novamente ao tratamento com a formulagéo por 1 minuto.
Esse protocolo foi realizado por 5 dias, e a partir do quinto dia o bloco ficou imerso por
dois dias na solucdo remineralizadora, ndo havendo contato com o enxaguatorio nesse
periodo.

Na microscopia eletrénica de varredura (Figura 6) foi possivel observar a
deposicdo do TMP sobre a superficie do esmalte apos ocorrer o desafio cariogénico, o

que nos assegurou a dar continuidade com a presente formulagéo

2 e .

C Det WD ——— 2um AccV SpotMagn Det WD F——— 1m

000x SE 11.1 UFSCar - DEMa - LCE - FEG 15.0kV 3.0 20000x SE 11.1 UFSCar- DEMa- LCE - FEG
- T Ty S % ~ o

Figura 6. Superficie do esmalte do dente bovino ap6s o tratamento com a formulagdo A’ realizado durante
a ciclagem de pH. As setas indicam a presenga de TMP depositado sobre a superficie do esmalte.
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Passo a passo para o desenvolvimento das formulacoes:

Obtencdo do extrato por maceracdo com etanol
e concentracdo em um rotoevaporador a vécuo
até obtencdo do extrato mole

Extrato diluidos em dgua em concentracdes de
1% 3% 6% 12% e centrifugadas por 30 minutos a
8000 rpm — observou precipitado

Poloxamer 407 Propilenoglicol - 75° C

Centrifiinado 20 miniitas R00N

Caracterizacdo:
Teor de sdlidos

Tempo de morte celular 1% 3%
6% (0,5,1,2,3,4,5e 10 min):
S. Mutans e C.albicans

Concentracdo definida - 3%
Foram testadas a influéncia dos compostos no
efeito microbiolégic (halos de inibicdo - C.
albicans) :

A: sem poloxamer
B: sem flUor
C: Sem TMP
D:Sem F e TMP
E: Substituindo poloxamer por goma xantana e
goma ardbica

Desenvolvimento das

formulagdes, caracterizagcdo de
o,

e g4 e 1 P~ Y x it~ 1
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Author Guidelines

NIH Public Access Mandate

For those interested in the Wiley Blackwell policy on the NIH Public Access Mandate,
please visit our policy statement

For additional tools visit Author Resources - an enhanced suite of online tools for
Wiley Online Library journal authors, featuring Article Tracking, E-mail Publication
Alerts and Customized Research Tools.

e Permission Request Form

Data Protection

By submitting a manuscript to or reviewing for this publication, your name, email
address, and affiliation, and other contact details the publication might require, will be
used for the regular operations of the publication, including, when necessary, sharing
with the publisher (Wiley) and partners for production and publication. The publication
and the publisher recognize the importance of protecting the personal information
collected from users in the operation of these services, and have practices in place to
ensure that steps are taken to maintain the security, integrity, and privacy of the personal
data collected and processed. You can learn more at
https://authorservices.wiley.com/statements/data-protection-policy.htmi

Author Guidelines

Phytotherapy Research is a monthly, international journal for the publication of original
research papers, short communications, reviews and letters on medicinal plant research.
Key areas of interest are pharmacology, toxicology, and the clinical applications of
herbs and natural products in medicine, from case histories to full clinical trials,
including studies of herb-drug interactions and other aspects of the safety of herbal
medicines. Papers concerned with the effects of common food ingredients and
standardised plant extracts, including commercial products, are particularly welcome, as
are mechanistic studies on isolated natural products.

Short communications dealing with the pharmacology and screening of crude or
uncharacterised extracts will be considered for publication only if they are clearly of
interest to our international readership and are not deemed more suitable for a regional
audience.
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Phytotherapy Research does not publish agricultural, phytochemical, structure
elucidation, quality control or botanical identification papers unless directly pertinent to
the pharmacological effects or overall safety of plant based medicines currently in use.

Manuscript Submission. Phytotherapy Research operates an online submission and
peer review system that allows authors to submit articles online and track their progress
via a web interface. Please read the remainder of these instructions to authors and then
click http://mc.manuscriptcentral.com/ptr to navigate to the Phytotherapy Research
online submission site.

Article Preparation Support

Wiley Editing Services offers expert help with English Language Editing, as well as
translation, manuscript formatting, figure illustration, figure formatting, and graphical
abstract design — so you can submit your manuscript with confidence.
Also, check out our resources for Preparing Your Article for general guidance about
writing and preparing your manuscript.

All papers must be submitted via the online system.

Authors are welcome to submit the names and contact details of up to three suggested
reviewers, using the online system. Submission of a manuscript will be held to imply
that it contains original unpublished work and is not being submitted for publication
elsewhere at the same time.

File types. Preferred formats for the text and tables of your manuscript are *.doc,
*.docx and *.rtf. Figures must be provided in *.tiff or *.eps format.

Upon acceptance, authors must supply by e-mail to the Production Editor: permission
grants, quoting the manuscript code. If the manuscript contains extracts, including
illustrations, from other copyright works (including material from on-line or intranet
sources) it is the author's responsibility to obtain written permission from the owners of
the publishing rights to reproduce such extracts using the Wiley Permission Request
Form.

Manuscript Style. The language of the journal is English. Please ensure that your
manuscript has been checked by an English language expert if there is concern for
grammatical or other errors. All submissions including book reviews must have a title,
be double-line spaced with type no smaller than 12 point, and have a margin of 3cm all
round. Tables must be on separate pages after the reference list, and not be incorporated
into the main text. Figures should be uploaded as separate Image files.

e The title page must list the full title, short title of up to 60 characters and names
and affiliations of all authors. Give the full address, including email, telephone
and fax, of the author who is to check the proofs.

e Include the name(s) of any sponsor(s) of the research contained in the paper,
along with grant number(s).

e Supply an abstract of up to 200 words for all articles. An abstract is a concise
summary of the whole paper, not just the conclusions, and is understandable
without reference to the rest of the paper. It should contain no citation to other
published work.

o Include up to six keywords that describe your paper for indexing purposes.

« Authors may suggest up to 3 potential reviewers
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A concise introduction is required of the background to the subject, its

significance and its relationship to earlier works, with references.

e Materials and methods should be presented with clarity and detail. State the
original and important findings in the results. lllustrate these with figures or
tables where necessary but keep these to a minimum.

e Results and discussion may be combined as one section. Discuss the principal
conclusions drawn from the results and their important implications.

o Convention on biodiversity. Authors must indicate that they have obtained
authority to access plant samples (other than freely available commercial crops
or herbal products) used for research and that this has been authorised by the
appropriate agent of the government of the source country as required under the
framework of the United Nations Convention on Biodiversity.

« Botanical aspects. Plant materials used must be adequately described using the
Latin binomial for the plant, author of the name, plant family, source (e.g.
country and region of collection, name of the collector and collection number)
means of unambiguous identification (e.g. name and affiliation of expert
botanist or the results of comparison with a published monograph and/or
authenticated reference specimen). The reference number and place of
deposition of a voucher specimen of the plant material must be given. For papers
relating to crude plant extracts, the method of extraction and the yield of dried
extract as a percentage weight of the starting fresh or dried plant material must
also be stated. These should be submitted as short communications (see below).

o Experimental procedures. Bioassay data for plant extracts or isolated
compounds must be accompanied by data for positive and negative controls. All
animal experiments should be conducted in accordance with the UK Animals
(Scientific Procedures) Act 1986 and associated guidelines, the EEC Directive
of 1986 (86/609/EEC) or the NIH guide for the care and use of laboratory
animals (NIH Publication No. 80-23; revised 1978). The Editors will reject
papers if there is any doubt about the suitability of the animal procedures used.

e Use Chemical Abstracts nomenclature for chemical names and structures. Use
proper or proprietary names with caution. Common acronyms for biomedical
names are acceptable but define all others when first mentioned. Define
abbreviations when first mentioned and do not use in the title or abstract. Define
non-standard units.

o Keep acknowledgements brief and place them at the end of the paper.

Proofs. Authors will receive an e-mail notification with a link and instructions for
accessing HTML page proofs online. Page proofs should be carefully proofread for any
copyediting or typesetting errors. Online guidelines are provided within the system. No
special software is required, all common browsers are supported. Authors should also
make sure that any renumbered tables, figures, or references match text citations and
that figure legends correspond with text citations and actual figures. Proofs must be
returned within 48 hours of receipt of the email. Return of proofs via e-mail is possible
in the event that the online system cannot be used or accessed.

Original Papers. These should not exceed five printed pages including a maximum of
four figures and/or four tables and 30 references, (where one page comprises 800 words
or the equivalent in illustrative and tabular material).
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Short Communications. These must be complete, self-contained papers, and not
preliminary reports. These should not exceed two printed pages including a maximum
of two figures and/or two tables and 10 references. To exceed the limit may delay
acceptance or publication of the paper.

Reviews and Keynote Lecture Transcripts. These will usually be written at the
invitation of the Editors. Unsolicited reviews and manuscripts based on Conference
Keynote Lectures will be welcome but authors wishing to submit these are requested to
consult the Editor beforehand, ideally prior to commencement of writing. Reviews
should include a Table of Contents and will normally be limited to 10,000 words
including references and should be submitted via the online system.

Correspondence. Items submitted for the correspondence columns, which need have
no fixed format are intended for constructive comments on published work or for
putting forward new ideas and are published at the discretion of the Editors.

Pre-Submission English Language Editing Authors for whom English is a second
language may choose to have their manuscript professionally edited before submission
to improve the English. A list of independent suppliers of editing services can be found
at http://www.blackwellpublishing.com/bauthor/english language.asp. Japanese
authors can also find a list of local English improvement services at
http://www.wiley.co.jp/journals.editcontribute.html. All services are paid for and
arranged by the author, and use of one of these services does not guarantee acceptance
or preference for publication.

Reference style. The APA system of citing sources should be used in all submissions.
Citations should inicates the author's last name and the date, in parenthesis, within the
text of the paper.

Journals: Wright C.W., & Phillipson J.D. (1990). Natural products and the
development of selective antiprotozoal drugs. Phytotheraphy Research, 4(2), 127-139.

Books: Wagner H., & Bladt S. (1996). Plant Drug Analysis: A Thin Layer
Chromatography Atlas (2nd edn). Springer-Verlag: Berlin Heidelberg.

Chapters in Books: Kips R.H. (1985). Environmental aspects. In Pesticide
Application: Principles and Practice, Haskel PT (ed). Oxford University Press: Oxford;
1-34.

Ilustrations. Upload each figure as a separate file in either .tiff or .eps format, with the
lead author's name, the figure number and the top of the figure indicated. Compound
figures e.g. 1a, b, ¢ should be uploaded as one figure. Tints are not acceptable. Lettering
must be of a reasonable size that would still be clearly legible upon reduction, and
consistent within each figure and set of figures. Please supply artwork at the intended
size for printing, sized to the text width of 84mm/single column, 176mm/double
column.Where a key to symbols is required, please include this in the artwork itself, not
in the figure legend. All illustrations must be supplied at the correct resolution:

o Black and white and colour photos - 300 dpi
o Graphs, drawings, etc. - 800 dpi preferred; 600 dpi minimum
« Combinations of photos and drawings (black and white and colour) - 500 dpi
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The cost of printing colour illustrations in the journal will be charged to the author. If
colour illustrations are supplied electronically in either TIFF or EPS format, they may
be used in the PDF of the article at no cost to the author, even if this illustration was
printed in black and white in the journal. The PDF will appear on the Wiley Online
Library site.

Color Figure Charges

When your article is published in Early View in Wiley Online Library, you will be
emailed a link to RightsLink for Author Services allowing you to select optional color
printing and pay the associated fee.

Publication Charges

Publication in the journal is free. However, there is a cost for publishing colour figures
in print. Colour figures may be published online free of charge. If the author supplies
colour figures at Early View publication, they will be invited to complete an online
colour charge agreement in RightsLink for Author Services. The author will have the
option of paying immediately with a credit or debit card, or they can request an invoice.
If the author chooses not to purchase colour printing, the figures will be converted to
black and white for the print issue of the journal. Please contact the Production Editor if
you have any queries regarding this.

OnlineOpen. OnlineOpen is available to authors of articles who wish to make their
article open access. With OnlineOpen the author, their funding agency, or institution
pays a fee to ensure that the article is made available to non-subscribers upon
publication via Wiley Online Library, as well as deposited in PubMed Central and PMC
mirror sites. In addition to publication online via Wiley Online Library, authors of
OnlineOpen articles are permitted to post the final, published PDF of their article on a
website, institutional repository, or other free public server, immediately on publication.

Copyright Transfer Agreement. If your paper is accepted, the author identified as the
formal corresponding author for the paper will receive an email prompting them to login
into Author Services; where via the Wiley Author Licensing Service (WALS) they will
be able to complete the license agreement on behalf of all authors on the paper.

For authors signing the copyright transfer agreement. If the OnlineOpen option is
not selected the corresponding author will be presented with the copyright transfer
agreement (CTA) to sign. The terms and conditions of the CTA can be previewed in the
samples associated with the Copyright FAQs below:

CTA Terms and Conditions

For authors choosing OnlineOpen. If the OnlineOpen option is selected the
corresponding author will have a choice of the following Creative Commons License
Open Access Agreements (OAA):

Creative Commons Attribution License OAA
Creative Commons Attribution Non-Commercial License OAA
Creative Commons Attribution Non-Commercial -NoDerivs License OAA

To preview the terms and conditions of these open access agreements please visit the
Copyright FAQs hosted on  Wiley  Author _ Services and  visit
http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--
License.html.
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If you select the OnlineOpen option and your research is funded by The Wellcome Trust
and members of the Research Councils UK (RCUK) you will be given the opportunity
to publish your article under a CC-BY license supporting you in complying with
Wellcome Trust and Research Councils UK requirements. For more information on this
policy and the Journal’s compliant self-archiving policy please visit:
http://www.wiley.com/go/funderstatement.

Further Information. Proofs will be sent to the author for checking. This stage is to be
used only to correct errors that may have been introduced during the production process.
Prompt return of the corrected proofs, preferably within two days of receipt, will
minimise the risk of the paper being held over to a later issue. Free access to the final
PDF offprint of your article will be available via Author Services only (unless otherwise
stated). Please therefore sign up for Author Services if you would like to access your
article PDF offprint and enjoy the many other benefits the service offers. Reprints of
your article and copies of the journal may be ordered. There is no page charge to
authors.

Authors Resources: Manuscript now accepted for publication?
If so, check out our suite of tools and services for authors and sign up for:

e Atrticle Tracking
o E-mail Publication Alerts
e Personalization Tool

PEER Project

This journal is participating in the PEER Project, an EU-funded initiative to examine
the impact on scholarly journals of depositing accepted manuscripts in web-based
repositories. If the corresponding author is based in an EU country, we will deposit the
accepted manuscript into a central project repository (DRIVER). The article's
availability will be subject to a post-publication embargo. This project has no effect on
your rights or obligations under the terms of the copyright agreement pertaining to this
journal.

Conflict of Interest. All authors must declare financial/commercial conflicts of interest.
Even if there is none, this should be stated in a separate paragraph following on from
the Acknowledgements section. This is a mandatory requirement for all articles.

Guidelines for Cover Submissions. This journal accepts artwork submissions for
Cover Images. This is an optional service you can use to help increase article exposure
and showcase your research. For more information, including artwork
guidelines, pricing, and submission details, please visit the Journal Cover Image page.

Article Promotion Support

Wiley Editing Services offers professional video, design, and writing services to create
shareable video abstracts, infographics, conference posters, lay summaries, and research
news stories for your research — so you can help your research get the attention it
deserves.

80


http://www.wiley.com/go/funderstatement
http://olabout.wiley.com/WileyCDA/Section/id-404516.html/
http://www.peerproject.eu/about/
https://authorservices.wiley.com/author-resources/Journal-Authors/Promotion/journal-cover-image.html?utm_source=woljournal&utm_medium=display&utm_term=ag_text&utm_content=covers&utm_campaign=template_comms
https://wileyeditingservices.com/en/article-promotion/?utm_source=wol&utm_medium=backlink&utm_term=ag&utm_content=promo&utm_campaign=prodops

