UNIVERSIDADE FEDERAL DA BAHIA

INSTITUTO MULTIDISCIPLINAR EM SAUDE
PROGRAMA DE POS-GRADUACAO EM BIOCIENCIAS

BRENDA OLIVEIRA LIMA

AVALIACAO DA ATIVIDADE ANTIMICROBIANA DO
EXTRATO ETANOLICO, FRACOES E SUBFRACOES DA
FOLHA DE Schinopsis brasiliensis ENGLER SOBRE

Streptococcus mutans UA159

Vitoria da Conquista, BA
2020



BRENDA OLIVEIRA LIMA

AVALIACAO DA ATIVIDADE ANTIMICROBIANA DO
EXTRATO ETANOLICO, FRACOES E SUBFRACOES DA
FOLHA DE Schinopsis brasiliensis ENGLER SOBRE

Streptococcus mutans UA159

Dissertagdo apresentada ao Programa de Pds-Graduacdo em
Biociéncias, Universidade Federal da Bahia, como requisito

para obtencdo do titulo de Mestre em Biociéncias.

Orientadora: Prof 2 Dr? Regiane Yatsuda
Universidade Federal da Bahia — UFBA

Coorientadora: Prof 2. Dr2 Mariluze Peixoto Cruz
Universidade Federal da Bahia — UFBA

Vitoria da Conquista, BA
2020



Biblioteca Universitaria Campus Anisio Teixeira — UFBA

L732

Lima, Brenda Oliveira.

Avaliacao da atividade antimicrobiana do extrato etandlico, fragdes e subfracdes da
folha de Schinopsis brasiliensis Engler sobre Streptococcus mutans UA159. / Brenda
Oliveira Lima. - 2020
80 f.il.

Orientadora: Prof.2 Dr.2 Regiane Yatsuda
Coorientadora: Prof.2 Dr.2 Mariluze Peixoto Cruz

Dissertacdo (Mestrado) — Universidade Federal da Bahia, Instituto Multidisciplinar em

Saude, Programa de P6s-Graduagao em Biociéncias, 2020.

1. Schinopsis brasiliensis Engler. 2. Streptococcus mutans. 3. Cérie Dentéria. I.
Universidade Federal da Bahia. Instituto Multidisciplinar em Saude. Il. Yatsuda, Regiane
IIl. Cruz, Mariluze Peixoto IV. Titulo.

CDU: 615

Elaborado por Marcos Aurélio Ribeiro da Silva CRB5/1858




BRENDA OLIVEIRA LIMA

AVALIACAO DA ATIVIDADE ANTIMICROBIANA DO
I’XTRATO ETANOLICO, FRACOES E SUBFRACOES DA
FOLHA DE Schinopsis brasiliensis ENGLER SOBRE
Streptococcus mutans UA159

Ssta dissertagdo foi julgada adequada a obtengdo do grau de Mestre em Biociéncias e
aprovada em sua forma final pelo Programa de Pés-graduagio em Biociéncias,

Universidade Federal da Bahia. Vitoria da Conquista — BA,

St

Prof . Dr'.Z(egiane Yatsuda (Orientadora)

Universidade Federal da Bahia

el W W g

Prof. Dr. Lucas Miranda Marques (Examinador)

Universidade Federal da Bahia

g Conds (o iio

Prof. Dr. Guilherme Barreto Campos (Examir/ador)

Universidade Federal da Bahia



AGRADECIMENTOS
A Deus, por estar sempre me iluminando, abencoando e guiando 0s meus passos.

Ao0s meus pais, José Carlos e Luciene, e a meu irmao, Bruno, por todo amor, incentivo e

apoio incondicional.

Ao meu noivo, Filipe, pelo carinho, incentivo, compreenséo e cumplicidade. Obrigada

por estar sempre ao meu lado!

A minha orientadora, Regiane Yatsuda, a quem sou grata pelas oportunidades, orientac&o,
confianga e por acompanhar toda a minha trajetéria na UFBA. Obrigada por todo

conhecimento compartilhado e paciéncia.

A minha co-orientadora, Mariluze Cruz, pelos ensinamentos, incentivo e estando sempre

a disposicédo para ajudar em diversos momentos.

Aos docentes da UFBA pelo conhecimento partilhado, e a banca avaliadora (Lucas e

Guilherme) por disponibilizarem seu tempo.

A Rafael Almeida, Manuela, Jeisa e Nayara, por toda a amizade, aprendizado

compartilhado e palavras de incentivo e otimismo.

Ao grupo Mutans, Louise, lago, Paulo, Isabella, Luccas, Caio, Vanessa e Vitor, pelo

comprometimento, empenho, amizade e por terem me ajudado neste trabalho.

Aos amigos da pds-graduacdo, Lorena, Talita, Ana, Thiago e Rafael Dorea pelos

ensinamentos e momentos compartilhados.

A Universidade Federal da Bahia, Instituto Multidisciplinar em Saude, campus Anisio
Teixeira, Vitoria da Conquista.

O presente trabalho foi realizado com apoio da Coordenacdo de Aperfeicoamento de

Pessoa de Nivel Superior- Brasil (CAPES) — Codigo de Financiamento 001.



RESUMO

LIMA, BRENDA OLIVEIRA. Avaliacdo da atividade antimicrobiana do extrato
etandlico, fracdes e subfracdes da folha de Schinopsis brasiliensis Engler sobre
Streptococcus mutans UA159. 2020. Dissertacdo (Mestrado) — Instituto Multidisciplinar
de Saude, Universidade Federal da Bahia, Vitoria da Conquista, 2020.

A cérie é uma doenca oral multifatorial e infecciosa que afeta a maioria da
populacdo mundial ao longo da vida. Streptococcus mutans € um dos principais agentes
etioldgicos para a formacdo do biofilme dental devido a sua capacidade de adesdo,
acidogenicidade e aciduricidade, que sdo os principais fatores associados a
cariogenicidade. As plantas medicinais podem ser uma alternativa para obtencdo de
agentes antimicrobianos que possibilitem o controle de biofilmes microbianos. Neste
contexto, a Schinopsis brasiliensis Engler conhecida popularmente como Brauna, tem
sido bem apreciada localmente na medicina popular, devido a existéncia de compostos
quimicos que possuem atividade bioldgica, principalmente antimicrobiana. Dessa forma,
0 objetivo desse estudo foi avaliar a atividade antimicrobiana do extrato etandlico, fracoes
hexano (H), diclorometano (D), acetato de etila (A), butanol e subfracdes (H, D e A) das
folhas de S. brasiliensis contra S. mutans UA159. Para isso, foram realizados os testes de
concentracdo inibitéria minima (MIC), concentracdo bactericida minima (MBC) e
concentracdo inibitdria minima de adesdo (CIMA). A atividade do extrato etanélico (2
g/mL) foi avaliada em relacdo a inibigcdo da formac&o de biofilme, seus efeitos sobre a
glicolise e a permeabilidade da membrana a prétons, e analise da formacdo dos
polissacarideos. Os menores valores de CIM (31,25 ug/mL) foram obtidos com o extrato
etandlico, diclorometano, subfracbes H3 e D4. A fracdo butanol e a D4.11 ndo
apresentaram CIM na concentracdo maxima testada. Em relacdo a CBM, foi demonstrada
atividade bactericida no extrato etanolico, hexano, diclorometano, acetato de etila,
subfragbes H2, D2, D3, D4, D4.8, Al e A2. Butanol, subfragdes H1, H3, H4, D4.11,
D4.12, D4.13 A3 e A4 ndo demonstraram CBM na méxima concentragéo testada de 1000
ug/mL. Nas analises da formacdo dos biofilmes, o tratamento com o extrato etandlico
reduziu a biomassa, glucanos insoliveis e solivel em alcali em compara¢do com o
biofilme do controle (p < 0,05). O extrato etanolico afetou a producdo de &cido do
biofilme (p < 0,05), e também alterou a tolerancia acida das células de S. mutans UA159

em biofilmes. Os principais compostos bioativos encontrados na fragcdo diclorometano



foram timol, galato de etila, acido galico e galato de metila. Este € o primeiro relato de
atividade antimicrobiana do extrato etanodlico de S. brasiliensis contra o biofilme de
Streptococcus mutans. Assim, o extrato etandlico, fracbes e subfracBes das folhas de S.
brasiliensis demonstraram potencial terapéutico para o uso na prevencdo da formacao da
carie dental, pois apresentou atividade antimicrobiana e inibiu importantes fatores de
viruléncia de S. mutans UA159. Mais estudos serdo realizados no futuro para elucidar os
compostos antimicrobianos nas outras fragdes do extrato etandlico e para elucidar os

mecanismos de acdo desses compostos contra S. mutans.

Palavras-chave: Carie, Streptococcus mutans; plantas medicinais; Schinopsis

brasiliensis Engler; antimicrobiano; biofilme, acidogénico; acidurico.



ABSTRACT

LIMA, BRENDA OLIVEIRA. Antimicrobial activity of the ethanolic extract,
fractions and subfractions from the leaves of Schinopsis brasiliensis Engler against
Streptococcus mutans UA159 2020. Master’s Dissertation — Multidisciplinary Institute
of Health, Universidade Federal da Bahia, Vitoria da Conquista, 2020.

Caries is a multifactorial and infectious oral disease that affects the majority of
the world's population. Streptococcus mutans is one of the main etiologic agents for the
formation of dental biofilm due to its adhesion, acidogenicity and acidity, which are the
main factors associated with caryogenesis. Medicinal plants can be an alternative to
antimicrobial agents that allow the control of microbial biofilms. In this context, an
Schinopsis brasiliensis Engler, popularly known Brauna in Brazil, has been much
appreciated locally in popular medicine, due to the presence of chemical compounds that
have biological activity, mainly antimicrobial. Thus, the objective of this study was to
evaluate the antimicrobial activity of the ethanolic extract, fractions hexane (H),
dichloromethane (D), ethyl acetate (A), butanol and subfractions (H, D and A) of the
leaves of S. brasiliensis against S. mutans UA159. For this, the tests of minimum
inhibitory concentration (MIC), minimum bactericidal concentration (MBC) and
minimum inhibitory concentration of adhesion (MICA) were performed. The activity of
the ethanolic extract was evaluated in relation to inhibition of biofilm formation, its
effects on glycolysis and membrane permeability to protons, and analysis of
polysaccharide formation. The lowest MIC values were obtained with the ethanolic
extract, dichloromethane, H3 and D4 subfractions at 31.25 pg/mL. Butanol and D4.11
did not showed MIC at the maximum concentration tested. In relation to MBC,
bactericidal activity was demonstrated in the ethanolic extract, hexane, dichloromethane,
ethyl acetate, H2, D2, D3, D4, D4.8 Al and A2. Butanol, H1, H3, H4, D4.11, D4.12,
D4.13 A3 and A4 did not show MBC at the maximum concentration tested at 1000
pug/mL. The extracts tested with sub-MIC concentrations did not inhibit adherence of S.
mutans UA159. In biofilm analyzes, treatment with the ethanol extract of S. brasiliensis
(2 g/mL) in the tested concentration was able to reduce biomass, insoluble and alkaline
soluble glucans compared to the control biofilm (p < 0.05). The ethanolic extract affected

the acid production of the biofilm (p <0.05), and also altered the acid tolerance of S.



mutans UA159 cells in biofilms. The main bioactive compounds found in the
dichloromethane fraction were thymol, ethyl gallate, gallic acid and methyl gallate. This
is the first report of antimicrobial activity of ethanolic extract from S. brasiliensis against
Streptococcus mutans biofilm. Thus, the ethanolic extract, fractions and subfractions of
the leaves of S. brasiliensis demonstrated therapeutic potential for use in preventing the
formation of dental caries, as it presented antimicrobial activity and inhibited important
virulence factors of S. mutans UA159. More studies will be conducted in the future to
elucidate the antimicrobial compounds in the other fractions of the ethanolic extract, and

to elucidate the mechanisms of action of these compounds against S. mutans.

Keywords: Caries; Streptococcus mutans; medicinal plants; Antimicrobial; Schinopsis

brasiliensis Engler; biofilm, aciduric, acidogenic.
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1 INTRODUCAO

A cérie é uma doenca oral infecciosa persistente que afeta a maioria da populagéo
mundial ao longo da vida, sendo a causa mais comum de dor na cavidade oral e perda
dentaria (KASSEBAUM et al., 2017; PITTS; ZERO, 2012; LOSSO et al., 2009). Os
custos diretos com tratamento das doencas bucais em todo o mundo, representa cerca de
4,6% dos gastos globais, sendo considerada um desafio de salde publica e em muitos
paises é concedida pouca prioridade pelas organizagdes (LISTL et al., 2015).

O desenvolvimento da carie depende da interacdo de alguns fatores que vao modificar
a homeostase gerando um desequilibrio no ambiente bucal, como o hospedeiro, alteracdes
no sistema imune, pH, fluxo salivar, fatores genéticos, ineficiéncia na higienizacao bucal
e 0s habitos alimentares com elevado consumo de carboidratos fermentaveis, gerando um
ambiente propicio para infeccdo bacteriana (SELWITZ; ISMAIL; PITTS, 2007,
BARBIERI et al., 2014). Streptococcus mutans € considerado o principal agente
etioldgico responsavel para o inicio e progressdo da carie em humanos (HAMADA;
SLADE, 1980). Sendo uma bactéria cariogénica, tem a capacidade de produzir &cidos
organicos, através da fermentacao de agUcares da dieta, que resulta na reducéo do pH no
biofilme, levando a dissolucéo do esmalte dental (CHEN et al., 2019). Além da producao
de acidos, conseguem sobreviver em baixo pH, e sintetizar glucanos extracelulares
soluveis e insollveis a partir da sacarose pela acdo da enzima glicosiltransferases (GTFS),
que séo fatores importantes na patogénese desta infeccdo bucal (SELWITZ et al., 2007;
BARBIERI et al., 2014).

Atualmente, agentes antimicrobianos como a clorexidina sdo amplamente usados na
prevencéo e tratamento da carie, porém com uso prolongado pode causar efeitos colaterais
indesejados como manchas nos dentes, irritagdo gastrointestinal, queimaduras no tecido
mole, perdas gustativas e gosto desagradavel na boca (PAGORARO et al., 2015;
FRANCISCO, 2010). Portanto, terapias alternativas para obtencdo de agentes
antimicrobianos, tém sido investigados a partir de compostos e extratos vegetais para
o controle do biofilme dental com maior atividade terapéutica, biocompatibilidade, baixa
toxicidade e custo mais acessiveis a populacdo (FRANCISCO, 2010; PALOMBO, 2011,
CASTILHO; MURATA; PARDI, 2006).
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Os conhecimentos advindos dos povos primitivos e pelos indigenas pode ser
considerado uma fonte de saber para o uso das plantas com fins terapéuticos ao longo dos
anos, 0 que trouxe diversas contribuicbes para pesquisas com plantas medicinais
(VIEGAS; BOLZANI; BARREIRO, 2006). Além disso, o territorio brasileiro abrange a
maior diversidade biolégica do mundo, e tem se mostrado fonte promissora para a
descoberta de medicamentos de origem vegetal, sendo importante alternativa em
consequéncia do aumento da resisténcia bacteriana, atribuido ao uso indevido de
antibidticos que sdo comumente usados para tratar infeccbes (VALLI; RUSSO;
BOLZANI, 2018; MICHAEL; DOMINEY-HOWES; LABBATE, 2014).

Neste contexto, Schinopsis brasiliensis Engl. pertence a familia Anacardiaceae,
conhecida popularmente como bradna, e € nativa do Nordeste do Brasil (CARVALHO,
2009; CHAVES et al., 2011). Suas folhas, casca e frutos sdo usados para gripe, tosse,
febre, fraturas e como antimicrobiano (ALBUQUERQUE, 2006; ALMEIDA et al.,
2005). Além disso, estudos com S. brasiliensis revelaram a presenca de compostos
quimicos que possuem atividade bioldgica, principalmente antimicrobianas, tais como:
taninos, fendis, flavonoides e alcaloides (CARDOSO et al., 2005; CHAVES et al., 2011).

Portanto, devido aos crescentes estudos com plantas medicinais ao longo dos anos e
a necessidade do descobrimento de novos agentes antimicrobianos para combater o
desenvolvimento da carie, esta pesquisa teve como objetivo avaliar a atividade
antimicrobiana do extrato etanolico, fracdes e subfracbes das folhas de S. brasiliensis
contra S. mutans UA159.
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2 REVISAO DA LITERATURA
2.1 Microbiota oral e Streptococcus mutans

Diversos microrganismos estdo presentes na cavidade oral humana, como as
bactérias, fungos, virus, archaea e os protozoarios (WADE, 2013; ZHANG et al., 2018).
Foram identificadas mais de 700 espécies microbianas, sendo a segunda maior e mais
diversa microbiota, depois do trato gastrointestinal (VERMA; GARG; DUBEY, 2018).
Na boca, cerca de 96% das bactérias orais foram classificadas em seis principais filos
como, Firmicutes, Bacteroidetes, Proteobacteria, Actinobacteria, Spirochaetes e
Fusobacteria. Entre os Firmicutes, Streptococcus é o género mais abundante com cerca
de 19,2% (VERMA; GARG; DUBEY, 2018).

A cavidade bucal é um ambiente dindmico, quente, imido, rico em nutrientes e
composto por microambientes distintos como os dentes, sulco gengival, gengiva, lingua,
bochechas, palato duro e mole, fornecendo um local propicio para formacao de biofilme
dental (DEWHIRST et al., 2010). A saliva, desempenha um papel importante para
manter a homeostase oral, através do seu papel como tampao salivar, que dilui e neutraliza
0s acidos (PEDERSEN; BELSTR@M, 2019). No entanto, diversos fatores podem
perturbar o equilibrio, como taxa do fluxo salivar, habitos alimentares e a falta de higiene
bucal (ZAURA et al., 2014; KILIAN, 2018). Essa disbiose leva a alteragdes no pH, por
produzir &cidos organicos a partir da fermentagdo de carboidratos, favorecendo as
espécies aciduricas e acidogénicas no biofilme em relacdo as bactérias comensais
(ABRANCHES et al., 2018).

O biofilme dental é polimicrobiano, constituido por muitos microrganismos que
produzem 4&cido, principalmente espécies do grupo Mutans, como Streptococcus
mutans e Streptococcus sobrinus, devido o interesse clinico sdo as mais estudadas. No
entanto, outras espécies microbianas também foram isoladas de lesdes cariosas como,
Lactobacillus e Bifidobacterias (MARSH, 2006; GROSS et al., 2012).

Streptococcus mutans pertencente ao filo Firmicutes, sdo cocos gram-positivos e
anaerobios facultativos, assim sendo um dos principais agentes etioldgicos na formagédo
do biofilme dental em seres humanos, devido seus fatores de viruléncia (HAMADA;
SLADE, 1980; LEITES; PINTO; SOUSA, 2006; MARCH, 2003). Geralmente, os trés

principais fatores associados ao potencial cariogénico incluem, a adesdo, acidogenicidade


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Kilian%2C+Mogens
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marsh%20PD%5BAuthor%5D&cauthor=true&cauthor_uid=16934115
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gross%20EL%5BAuthor%5D&cauthor=true&cauthor_uid=23091642
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(capacidade de produzir acido) e aciduricidade (capacidade de sobreviver em meio acido)
(LEMOS; BURNE, 2008).

A capacidade de S. mutans em aderir firmemente a superficie do dente, por agdo
de trés tipos de glicosiltransferases (GTFs) como GTB, GTFC e GTFD que metabolizam
sacarose em glucanos (BOWEN; KOO, 2011; BANAS; VICKEMAN, 2003). A enzima
GTFB é codificada pelo gene gtfB, rica em ligagdes a-1,3 glicosidicas e catalisa a sintese
de glucanos insoltveis em &gua; GTFC codificado pelo gene gtfC, sintetiza glucanos
sollveis e insoluveis em agua, com ligagdes a-1,3 e 1,6 glicosidicas. Em contrapartida,
GTFD sintetiza glucanos solGveis em agua, com liga¢des a-1,6- glicosidicas, codificado
pelo gene gtfD, sendo importantes na patogénese da carie (BOWEN; KOO, 2011; LIU et
al., 2017; MATSUMOTO-NAKANO, 2018).

Além de sintetizar polissacarideos extracelulares (PEC), GTFs também sintetizam
polissacarideos intracelulares (PIC) a partir da sacarose (LEME et al., 2006). Os PEC,
promovem o acumulo bacteriano na superficie do dente e sdo produzidos quando hd um
excesso de acucares da dieta que contribui permitindo a difusdo de acido na interface
dentdria (LEME et al., 2006). Os PIC, servem como uma reserva energética de
carboidratos que podem ser metabolizados para produzir acidos durante periodos de
limitacdo de nutrientes e caso a fase de desmineralizacdo se prolongue (LEME et al.,
2006; KAWADA-MATSUO; OOGAI; KOMATSUZAWA, 2016).

A fermentacdo de carboidratos realizado por S. mutans, leva a producdo de &cidos
organicos como &cido latico, e os baixos valores de pH no biofilme contribuem para a
desmineralizacdo do esmalte dental (MATSUI; CVITKOVITCH, 2011). Além disso, o
microrganismo consegue sobreviver em baixo pH (aciduricidade), por desenvolver
mecanismos para aliviar a influéncia da acidificacdo (LEMOS; BURNE, 2008). Esta
capacidade é atribuida a atividade da F1-Fo. ATPase, por extrusdo de protons,
permitindo a manutencdo de um pH citoplasmatico mais alcalino em comparagdo com o
ambiente extracelular, mantendo a homeostase celular e a producao de energia para o seu
metabolismo em condic¢des extremas de pH baixo (LEMOS; BURNE, 2008; STURR,;
MARQUIS, 1992; SHENG; MARQUIS, 2006; SEKIYA et al., 2019).

Durante a formacdo do biofilme dental, ocorre a liberagdo de proteinas
antimicrobianas, denominadas de bacteriocinas (mutacinas) que séo sintetizadas por S.

mutans, embora ndo sejam necessarias para 0 crescimento, interferem na invasédo e



18

proliferacdo de outras bactérias no biofilme, conferindo uma vantagem ecoldgica,
favorecendo o seu potencial cariogénico (SOTO; PADILLA; LOBOS, 2017; KAMIYA;
HOFLING; GONCALVES, 2008; MATSUMOTO-NAKANO, 2018).

2.2 Carie

A Cérie é uma doenca cronica, sendo mais comum na infancia e em pessoas
suscetiveis ao longo da vida, cuja etiologia é complexa e multifatorial (SELWITZ;
ISMAIL; PITTS, 2007). Séo considerados uma variedade de fatores etiol6gicos para o
estabelecimento desta infec¢do bucal, como fluxo e composicao salivar, fatores genéticos,
componentes imunologicos, habitos alimentares com dieta rica em carboidratos
fermentaveis, especialmente a sacarose, bem como a estrutura social, comportamentais e
alta contagem de bactérias cariogénicas (LIMA, 2007; BARBIERI et al., 2014).

A cérie em dentes deciduos, afeta globalmente cerca de 621 milhdes de criangas, com
uma maior prevaléncia em grupos socialmente desfavorecidos e minoritarios com
vulnerabilidade social (KASSEBAUM et al., 2015; KAWASHITA, KITAMURA;
SAITO, 2011). Foi demonstrado que a ingestao de acucares aumenta com a idade, a partir
de 1 ano, sendo mais elevado entre as criancas e adolescentes em idade escolar (BREDA;
JEWELL; KELLER, 2019; NEWENS; WALTON, 2016). As lesbes cariosas se nao
tratadas, afeta a qualidade de vida desses individuos ocasionando desconforto e dor ao
comer, o que pode levar a desnutricdo e disturbios do sono, abscessos dentarios e até a
perda da estrutura dentaria (SEOW, 2018). Além disso, o contato precoce com a doenca
na infancia, pode influenciar diretamente a salde bucal na vida adulta, devido a
colonizacdo das bactérias cariogénicas na cavidade oral e danos irreversiveis ao tecido
dentario e até mesmo perda dentéaria (GROSS et., 2012).

De acordo com a Organiza¢do Mundial da Satude (OMS) evidéncias demonstram
que o consumo de agucares livres superior a 10% da ingestao total de energia aumenta as
taxas de carie. Assim, em 2015 uma nova diretriz recomenda que criancas e adultos
reduzam a ingestéo diaria para menos de 10% ou até mesmo abaixo de 5 % da dieta para
reduzir o risco de cérie. Esses agUcares livres sd0 monossacarideos e dissacarideos que

sdo adicionados a alimentos e bebidas pelo fabricante, cozinheiro ou consumidor, e 0s


https://www.ncbi.nlm.nih.gov/pubmed/?term=Newens%20KJ%5BAuthor%5D&cauthor=true&cauthor_uid=26453428
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walton%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26453428
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que sd@o naturalmente presentes no mel, xaropes, sucos e concentrados de frutas (OMS,
2015).

Os processos fisicos e quimicos de desmineralizagdo e remineralizagdo ocorrem
frequentemente na maioria das pessoas ao longo do dia (STRUZYCKA, 2014). A
remineralizacdo é um processo natural do dente com mecanismo de reparo, por causa da
difusdo de minerais presentes na saliva na superficie dentaria desmineralizada
(PEDERSEN; BELSTR@M, 2019; NEEL et al., 2016; STRUZYCKA, 2014). Devido a
formacédo de &cidos orgéanicos, como produto da fermentacdo dos acgucares advindo da
dieta por bactérias cariogénicas, o pH diminui no biofilme, levando a desmineralizacédo
da hidroxiapatita (Caio (POa4)s (OH)2) (GUTIERREZ-SALAZAR; REYES-GASGA,
2003). Quanto maior o periodo em que o alimento contendo carboidrato ficar retido na
boca, por mais tempo havera substrato para a formacao de &cido (PITTS; ZERO, 2012).

Se o desequilibrio “des-re” prolongar, e a perda de mineral for suficiente nos
estagios iniciais, a lesdo é clinicamente visivel na superficie do dente como manchas
brancas, muitas vezes nesse caso pode ser reversivel ou interrompida com o uso do fltor
(LIMA, 2007; FONTANA, GONZALEZ-CABEZAS, 2018). Se a fase de
desmineralizagdo prolongar, uma lesdo irreversivel da cérie, podera progredir e atingir a
polpa dentéria e serd necessario um tratamento de canal radicular ou até mesmo a extracéo
dentaria (PITTS; ZERO, 2012). A perda dentaria, pode afetar a qualidade de vida em
muitas situacdes na fonética, estética, autoestima e impactos psicossocial para esses
individuos (CHEN; YU; ZHU, 2012).

O tratamento dentério é oneroso e a prevencdo ainda continua sendo a base dos
cuidados da saude bucal é de fundamental importancia, ja que a carie pode ser reversivel
(HENSHAW; GARCIA; WEINTRAUB, 2018; NGABAZA; MOENO; PATEL, 2018).
Diversos fatores podem auxiliar para promocéo de satde bucal, como mudancas no estilo
de vida, reducéo do consumo de alimentos cariogénicos, a pratica de higienizacao bucal
adequada com o uso de fio dental, enxaguantes bucais e aplicacdo de vernizes de fluoreto
aos dentes (JAUHARI et al., 2015; FONTANA, GONZALEZ-CABEZAS, 2018;
WONG; SUBAR; YOUNG, 2017).
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2.3 Plantas medicinais

A utilizagdo de plantas medicinais no Brasil no tratamento de patologia é oriunda de
uma mistura de influéncias da cultura indigena brasileira, africana e europeia na
colonizagdo (CARTAXO; SOUZA; ALBUQUERQUE, 2010). Partes das plantas como
folha, casca, raiz, semente, fruto e flores sdo usadas de diferentes formas na medicina
popular, desde a preparacdes dos chas, infusdes, banhos e tinturas para fins terapéuticos
(MUSSI-DIAS et al., 2012; PAREKH; KARATHIA; CHANDA, 2006; CASTILHO et
al., 2006). Contudo, muitas vezes essas plantas sdo consumidas com pouca ou nenhuma
comprovacao de suas propriedades farmacologicas (JUNIOR; PINTO; MACIEL, 2005).

Além disso, frequentemente a populacdo tem a percep¢do que o uso de produtos
naturais ¢ inteiramente seguro no tratamento de doencas por ser “natural”, no entanto, se
ndo utilizadas de forma correta, podem desencadear rea¢Ges adversas pelos proprios
constituintes, ocasionando graves acidentes por intoxicacdo (BALBINO; DIAS, 2010;
CAMPOS et al., 2016; JUNIOR, 2008). Desta forma, a investigacdo cientifica referente
a correta identificacdo botanica, forma de cultivo, eficacia das plantas medicinais, sdo de
suma importancia, pois a toxicidade da maioria ainda é parcialmente desconhecida
(BALBINO; DIAS, 2010; CAMPOS et al., 2016).

O Brasil € o pais com a maior diversidade biol6gica do planeta, possui mais de 45.000
espécies de plantas conhecidas, cerca de 20% do namero total do mundo (RIBEIRO et
al., 2018; BOLZANI et al., 2012). Porém, parte desta biodiversidade ainda ndo foi
investigada quanto o seu perfil quimico e biolégico (HICKL et al., 2018). Além disso, a
comercializacdo de produtos inovadores a partir dos compostos bioativos provenientes da
biodiversidade brasileira séo escassos (CALIXTO, 2019).

A descoberta de farmacos a partir de produtos naturais encontra-se estabelecido ha
séculos, aproximadamente cerca de 25% dos produtos farmacéuticos convencionais
foram originados a partir das plantas (CALIXTO, 2019). A perspectiva em investigar
novas substancias com potencial terapéutico é uma tendéncia, por serem mais eficazes,
com menor potencial toxico e por apresentarem efeitos terapéuticos parecidos com 0s
farmacos sintéticos, o que atrai a industria farmacéutica na possibilidade em desenvolver
novas substancias quimicas a partir de fontes naturais (VALLI; RUSSO; BOLSONI,
2018; VALLI; BOLZANI, 2019).
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As plantas sdo ricas em uma variedade de compostos quimicos. Muitos sdo
metabolitos secundarios e sdo classificados de acordo as estruturas quimicas como,
alcaloides, cumarinas, flavonoides, fendis, acidos fendlicos, quinonas, saponinas, taninos
e terpenoides, e muitos desses metabdlitos demonstraram ter efeitos bioldgicos,
fornecendo a base cientifica para o uso na medicina tradicional (HICKL et al., 2018;
PALOMBO, 2011). Diversos fatores podem interferir na quantidade do composto
quimico vegetal, como a localizacdo geogréfica, periodos do ano e dia da coleta, clima,
temperatura, umidade, tipos de solos, nutrientes, radiacdo UV e a forma de uso in natura
ou desidratada (GOBBO-NETO; LOPES, 2007).

Os metabdlitos secundarios das plantas, podem ser extraidos usando diferentes
solventes, como agua, etanol, metanol, acetona entre outros (JEON et al., 2011). O extrato
bruto é obtido com complexidade de compostos e com isso, uma etapa subsequente € o
fracionamento pois, permite a separacdo inicial de diversos compostos e uma posterior
identificacdo da fracdo mais biologicamente ativa. Para isto, podem ser utilizados
métodos baseados na polaridade como por exemplo, cromatografia em coluna seca (silica
gel) ou liquida (Sephadex LH-20) (JEON et al., 2011). Para identificacdo e quantificacdo
dos compostos bioativos, diversas técnicas tém sido empregadas como cromatografia
liquida de alta eficiéncia (HPLC), cromatografia gasosa acoplada a espectrometria de
massas (CG-MS), ressonancia magnética nuclear (RMN), entre outras (BERLINCK et
al.,2017; ZOLLNER; SCHWARZ, 2013; JEON et al., 2011).

A busca por compostos isolados puros que sdo responsaveis pelos efeitos biolégicos
dos extratos para serem utilizados como um recurso farmacoldgico, leva a investigacao
cientifica e a necessidade de uma integracdo das areas como biologia, farmacologia,
metabolémica, metagenémica dentre outras, pois permite estudos mais efetivos e
abrangentes, para esclarecer os aspectos quimicos e biolégicos (JUNIOR; BOLZANI;
BARREIRO, 2006; BERLINCK et al.,2017).

O uso indiscriminado de antibidticos favoreceu o advento da resisténcia e a
diminuicdo da suscetibilidade dos microrganismos, gerando esse grave problema global
de salde publica e com isso resultou em uma crescente busca ao potencial farmacologico
das espécies vegetais brasileiras. Assim, 0s pesquisadores vém realizando estudos para
buscar a validacéo cientifica ao conhecimento empirico passado de geracdo em geracado
(ASLAM et al., 2018; KARYGIANNI et al., 2016).


https://www.sciencedirect.com/science/article/pii/S0102695X15000976#bib0125
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Na odontologia, a procura por novos agentes terapéuticos tem sido estudada,
utilizando plantas medicinais como profilaxia ou tratamento para doengas bucais, como
a carie (JEON et al.,2011). Métodos tradicionais para prevencdo da carie podem ser
refratario a medidas preventivas comuns por remog¢do mecanica, Como a escovagao, uma
vez que o biofilme dental se torna mais rigido. Além disso, muitas vezes as pessoas ndo
possuem conhecimento, habilidades e motivagdo o que limita o seu uso (GROSS e al.,
2012).

Além disso, algumas formulagc6es antimicrobianas sdo amplamente utilizadas, com o
objetivo de inibir a formacdo biofilme dental, como a clorexidina, porém com 0 uso
prolongado podem causar diversos efeitos colaterais, como irritacdo gastrointestinal,
manchas nos dentes, perda gustativas, queimaduras no tecido mole e gosto desagradavel
na boca (PAGORARO et al.,, 2015). Deste modo, € essencial desenvolver agentes
terapéuticos com atividade antimicrobiana com efeitos colaterais reduzidos (CARTAXO-
FURTADO et al., 2015).

2.3 Schinopsis brasiliensis Engl.

Schinopsis brasiliensis é uma planta pertence a familia Anacardiaceae, nativa do
Nordeste do Brasil, sendo utilizada na medicina popular local (CARVALHO, 2009;
CHAVES et al., 2011). Os nomes populares da S. brasiliensis diferem nas diversas
localidades, na Bahia ela € mais comumente conhecida com bralna, baratna e quebracho
(CARVALHO, 2009; CHAVES et al., 2011).

Partes das plantas como as folhas, casca, caule, resina e frutos sdo usados como
anti-inflamatérios em geral, para gripe, febre, tosse, diarreia, fraturas, e como
antimicrobiano (ALBUQUERQUE, 2006; ALMEIDA et al., 2005; ALBUQUERQUE et
al., 2007). Além disso, demonstrou atividade antioxidante a partir da casca de S.
brasiliensis, além de acdo de filtro solar e uma possivel nova formulacéo fotoprotetora
(LIMA-SARAIVA et al.,, 2017). A populagéo de Palmeiras, Distrito de Contendas do
Sincord, utiliza a casca de S. brasiliensis na forma de cha (decoccéo) para tratar dor de
cabeca (DUARTE, 2008).

Em relacdo a sua descricdo boténica, de acordo com Carvalho (2009), a S.
brasiliensis é arborea e espinhenta, de comportamento deciduo. A Braina ¢ uma das

maiores arvores do bioma Caatinga. O caule é reto e bem conformado. A copa é quase
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globosa e ndo muito densa. Os ramos sdo providos de espinhos fortes com comprimento
nas pontas. Sua casca possui espessura de até 30 mm. As folhas sdo compostas pinadas,
verde-escuro na face superior e palidos na face inferior. Quando maceradas, apresentam
fraco odor de resina. As flores sdo pequenas, brancas, glabras e suavemente perfumadas.
O fruto € uma drupa alada e a semente dessa espécie é de forma obovdide e esta envolta
por um tegumento lenhoso (caroco) dificil de ser rompido (Figura 1).

Deste modo, a S. brasiliensis € uma espécie muito interessante para estudos cientificos
devido a rica presenca de compostos quimicos. Além disso, S. brasiliensis demonstra ter
atividade bioldgica, principalmente antimicrobianas, devido a presenca de compostos
como: triterpenos, taninos pirogalicos, fenois, flavonoides e alcaloides (CARDOSO et
al., 2005; CHAVES et al., 2011). Pesquisas tem sido conduzidas com objetivo de buscar
atividades antimicrobianas de S. brasiliensis contra Pseudomonas aeruginosa,
Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae, Candida albicans,
Salmonella typhimurium, Streptococcus oralis, Streptococcus mutans, Streptococcus
parasanguinis e Enterococcus faecalis (CHAVES et al., 2011; SARAIVA et al., 2011;
SILVA et al., 2012).

FIGURA 1: Fotos de S. brasiliensis Engler. A. Habitat. B. Tronco. C Folhas e Flores.

Fonte: Lorenzi, 1992.
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3 OBJETIVO GERAL

Avaliar a atividade antimicrobiana do extrato etanolico, fracBes (hexano,
diclorometano, acetato de etila e butanol) e subfracdes (hexano, diclorometano e acetato

de etila) das folhas de Schinopsis brasiliensis Engler sobre Streptococcus mutans UA159.

3.1 OBJETIVOS ESPECIFICOS

¢ Analisar os compostos fitoquimicos do extrato das folhas de S. brasiliensis através
de caracterizacdo dos metabdlitos;

e Identificar as substancias presentes no extrato das folhas de S. brasiliensis por
meio cromatografico;

e Auvaliar a Concentracdo Inibitéria Minima (CIM), Concentracdo Bactericida
Minima (CBM) e Concentracdo Inibitéria Minima de Aderéncia (CIMA) do
extrato etandlico, fracGes e subfracbes do extrato das folhas de S. brasiliensis
sobre S. mutans UA159;

e Avaliar a acdo do extrato etandlico das folhas de S. brasiliensis na formacao do
biofilme de S. mutans UA159;

e Avaliar a acdo do extrato etandlico das folhas de S. brasiliensis sobre a via
glicolitica de S. mutans UA159 em modelo de biofilme;

e Avaliar a acdo do extrato etandlico das folhas de S. brasiliensis sobre a
aciduricidade de S. mutans UA159 em modelo de biofilme;

e Avaliar a acdo do extrato etandlico das folhas de S. brasiliensis sobre a producéo

de polissacarideos de S. mutans UA159 em modelo de biofilme.
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4 METODOLOGIA

4.1 Coleta do material vegetal

A espécie vegetal foi coletada na Floresta Nacional Contendas do Sincora
(FLONA), sendo uma area de reserva ambiental com cobertura florestal de espécies
predominantemente nativas com bioma caatinga, e tem como objetivo basico o uso
maltiplo sustentavel dos recursos florestais e a pesquisa cientifica, com énfase em
métodos para exploracdo sustentavel de florestas nativas. Essa area de preservagdo
ambiental foi estudada quanto a composicdo da cobertura vegetal de 11034,34 hectares e
seus limites que, indo para o leste, faz divisa através do riacho da Goiabeira, que também
divide o municipio de Contendas do Sincoré e de Tanhagu. A parte do oeste € dividida
pela Ferrovia Centro Atlantica (FCA) e os limites do oeste estdo proximos a serra da
Cabeca Inchada (MATTEI, et al., 2006).

Para a coleta da planta, foram concedidos pelo Instituto Brasileiro do Meio
Ambiente e dos Recursos Naturais Renovaveis (IBAMA), o Registro para coleta de
material botanico, fungico e microbioldgico (N 12292-1) e a Autorizacdo para atividade
com finalidade cientifica (N 13258-1). A espécie foi anteriormente coletada e
fotografada, e devidamente localizada e catalogada, tendo sido depositado a exsicata no
Herbario da Universidade Estadual do Sudoeste da Bahia, campus de Vitoria da
Conquista, sob coordenacdo do Prof. Avaldo de Oliveira S. Filho. As exsicatas foram
preparadas seguindo as orientacOes de Mori et al., (1989) e a identificagdo taxonémica
foi feita por comparacéo no herbério e através de literatura (MORI, 1989). O registro das
exsicatas depositadas sdo 0s nimeros de vouchers 4931, 4952 e 4953. A atividade foi
cadastrada no Sistema Nacional de Gestdo do Patriménio Genético e do Conhecimento
Tradicional Associado (SisGen) cadastro N° A7125E9.

4.2 Preparo do extrato etandlico

O extrato etanolico foi preparado a partir das folhas secas de S. brasiliensis
(1,465kq), trituradas e foram levadas para a maceracdo exaustiva com etanol 99° GL, com
agitacdo esporadica. Apds a filtragdo, os extratos foram concentrados em evaporador
rotativo até a eliminacdo do etanol, fornecendo o extrato etanolico (200g). Parte deste
extrato foi separado para a avaliacdo da atividade biologica.



26

4.3 Preparo das fracGes

Parte do extrato etandlico (154,01g) foi dissolvido numa mistura de etanol / H.O
(1:1) e extraiu-se sucessivamente por particdo sequencial (extracdo liquido-liquido)
obedecendo a ordem de polarizagdo crescente com hexano - HEX (3 x 100 mL),
diclorometano - CH2Cl> (3 x 100 mL), acetato de etila - EtOAc (3 x 100 mL) e butanol —
BuOH (3 x 100 mL). Em seguida, concentraram-se em evaporador rotativo e secaram a

temperatura ambiente. As fragdes foram submetidas aos ensaios antimicrobianos.

4.4 Preparo das subfragoes

Para obtencdo das subfrac@es, foram utilizadas aquelas fracdes que apresentaram
atividade antimicrobiana, hexano, diclorometano e acetato de etila. A fragdo de butanol
ndo foi subfracionada, visto que n&o apresentou atividade antimicrobiana nas
concentracgdes testadas.

As fracBes de hexano e acetato de etila foram subfracionadas por coluna filtrante,
utilizando como fase estacionéria gel de silica 60 com diametro de particula entre 0,063-
0,200 nm. As fragdes de hexano foram eluidas com HEX:metanol (MeOH) e acetato de
etila com EtOAc: MeOH em gradiente crescente de polaridade finalizando com MeOH.
Apdbs remocdo do solvente a vacuo com funil de Buchner, foi realizado analise através de
cromatografia em camada delgada (CCD) comparativa, foram reunidas 4 subfracdes de
hexano (H1, H2, H3 e H4) e acetato de etila (A1, A2, A3 e A4).

A fracdo de diclorometano foi subfracionada por cromatografia de coluna seca
(silica gel 60, 70-230 mesh, Merck), como eluente misturas de CH2Cl,: EtOAc: MeOH
(7:2:1). Posteriormente, a coluna foi cortada em quatro partes, levando em consideracao
as cores e extraida com EtOAc: MeOH em gradiente crescente de polaridade finalizando
com MeOH em um funil de Buchner. As subfracfes obtidas apos analise comparativa
através de CCD, foram agrupadas fornecendo 4 subfragdes (D1, D2, D3 e D4) e foram
testadas quanto a atividade antimicrobiana (Figura 2).

A subfracdo D4 (4,8g) foi escolhida para ser fracionada por Cromatografia em
coluna (CC), devido a sua boa atividade antimicrobiana e rendimento. Para o CC, a coluna
de vidro de 5,5cm de diametro foi preenchida até a altura de 24 cm como fase estacionaria
silica gel 60, e como eluente misturas de Cloroférmio (CHCIs): EtOAc iniciando com a

proporcdo 7:3 com gradiente crescente de polaridade finalizando com MeOH. Apds
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analise comparativa através de CCD, foram reunidas 13 subfracbes: D4.1, D4.2, D4.3,
D4.4, D4.5, D4.6, D4.7, D4.8, D4.9, D4.10, D4.11, D4.12 e DA4.13. Destas subfracoes,
foram testadas apenas a D4.8, D4.11, D4.12 e D4.13, pois as outras subfragdes tiveram

baixo rendimento para realizacéo do teste bioldgico (Figura 2).
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Figura 2. Fluxograma do fracionamento bioguiado dos extratos das folhas de S. brasiliensis.

Fracdes de hexano (H), diclorometano (D), acetato de etila (A), butanol e subfra¢des (H, D e A).
(*) CIM; (**) CBM; R: rendimento; (#) ndo foi observado atividade antimicrobiana nas

concentracdes testadas.
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4.5 Estudo fitoquimico preliminar do extrato com reacfes de caracterizacdo dos

metabdlitos

As andlises fitoquimicas possibilitam a revelacdo qualitativa das diferentes classes
de metabolitos especiais presentes na espécie vegetal em estudo, como flavonoides,
esteroides e alcaloides (COSTA, 2000; REGO, 2012). Para a realizacdo desses testes foi
utilizado método de CCD com reveladores especificos para identificacdo e foram
analisadas frente ao extrato etandlico, fracdo de diclorometano, subfragdes D1, D2, D3,
D4, D4.8, D4.12 e D4.13 de S. brasiliensis, esses extratos foram selecionados devido a

boa atividade antimicrobiana e rendimento (Anexo A).

Para a analise de flavonoides utilizou-se a fase movel CH,Cl»: EtOAc: MeOH
(7:2:1). Na placa de silica, borrifou-se o reagente cloreto de aluminio em etanol a 1%
(m/v). A visualizagio das manchas efetuou-se & luz Ultravioleta (BIOTEC®), a 365 nm.
Os flavonoides apareciam como manchas verdes fluorescentes enquanto os acidos

fendlicos surgiam como manchas azuis fluorescentes (Anexo A).

Para a anélise de esteroides utilizou-se como fase movel CH,Cl>: EtOAc: MeOH
(7:2:1). O reagente de Liebermann-Burchard foi borrifado na placa e esta foi levada a
aquecimento a 110 °C durante 5 minutos. O aparecimento de manchas roxas no visivel

indicou a presenca de esteroides (Anexo A).

Para a deteccdo de alcaloides utilizou-se como fase mével CH,Cl,: EtOAc: MeOH
(7:2:1). O reagente de Wagner foi borrifado na placa e o aparecimento de manchas

castanho-avermelhadas, no visivel, indicou a presenca de alcaloides (Anexo A).

4.6 Analise por cromatografia gasosa acoplada a espectrometria de massa (CG-EM)

As subfracdes D1, D2, D3, D4, D4.8, D4.12 e D4.13 de diclorometano tiveram 0s
seus perfis cromatograficos avaliados por CG-EM (Anexo B). As analises por CG-EM
foram realizadas em aparelho QP2010SE (GC2010 Plus) usando coluna capilar de silica
fundida Rtx - 5MS (30 m; 0,25 mm de didmetro interno; filme de 0,25 um) e hélio como
gas de arraste. Antes de serem analisados por cromatografia gasosa, a amostra foi
submetida a derivatizacdo por sililacdo. Para esta reacdo foram pesados 3 mg da amostra,
onde foram diluidos em 60 pL de piridina. A esta solu¢do foi adicionada 100 pL da
mistura reacional de N,O-Bis (trimetilsilil) trifluoroacetamida (BSTFA) contendo 1% de
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trimetilclorosilano (TMCS) (Sigma-Aldrich®). Essa mistura foi aquecida a 70 °C por 30
minutos e 1 ulL da mistura foi injetado no CG-EM (CRUZ et al., 2016).

Foi utilizado CG-EM (QP2010SE -GC2010 Plus) da marca Shimadzu® usando
coluna capilar de silica fundida Rtx-5MS (30 m; 0,25 mm de didmetro interno; filme de
interface do 33 sistema CG-EM foram 290 °C. A temperatura inicial da analise foi de 80
°C por 5 min, aumentando a 285 °C na razdo de 4 °C/min. A temperatura final
permaneceu em 285 °C por 40 minutos (CRUZ, et al. 2016). O detector de massas operou
com ionizacao por impacto de elétrons (70 eV) e varredura de massas entre o intervalo de
30 a 600 Da. A identificagdo dos compostos foi realizada por meio da comparacéo dos
espectros de massas das amostras, com aqueles existentes no banco de dados do aparelho
(NIST 08, FFNSC1.3 e WILEYS).

4.7 Microrganismo e cultivo

A cepa de Streptococcus mutans UA159 utilizada neste estudo, foi proveniente do
Departamento de Farmacologia, Anestesiologia e Terapéutica da Faculdade de
Odontologia, UNICAMP (Universidade de Campinas, Piracicaba, Sdo Paulo). A cepa foi
descongelada (-80°C), incubado durante 24 horas, a 37°C e 5% de CO2 em caldo BHI
com 1% glicose. Repiques foram preparados em meio Litmus milk para a preservagéo
dos microrganismos testes, sendo preservadas aliquotas de 1,5 mL em criotubos
(capacidade de 2,0 mL) e armazenadas em ultrafreezer a - 80°C para posterior reativacao

e realizacdo dos experimentos.

4.8 Determinacdo da Concentracao Inibitdria Minima (CI1M)

A CIM foi determinada pela técnica de microdiluicdo em microplacas de 96
pogos. O indculo de S. mutans UA159 foi realizado com uma concentracdo bacteriana
final em torno de 1-2 x 108 CFU/mL (escala de 0,5 McFarland). Em seguida, o in6culo
foi diluido em meio caldo de infusdo de coragéo- cérebro (BHI) (Kasvi®) na proporgéo
de 1:1000. Nas microplacas, foram adicionados em cada poco 190 uL. do meio com
indculo (concentragéo final 1-2 x 10° CFU/mL) e 10 uL do extrato etandlico, fragdes e
subfragdes das folhas de S. brasiliensis com as concentragdes finais variando de 1000 a
31,25 pg/mL com diluicdo seriada em razéo de 2. Os extratos foram preparados a partir
da diluicédo de 0,089 do extrato em 4 mL de etanol P.A. As placas foram incubadas durante
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24 horas, a 37°C e 5% de CO2 (RODRIGUES et al., 2020). Apos a incubagéo, foi
realizada a leitura visualmente para avaliagdo do crescimento, por meio da observacao de
turvacdo do meio e/ou presenca de colonias no fundo dos pogos. Nos pogos em que ndo
houve crescimento visual foi adicionado 20 pL do corante resazurina (Sigma®©). A
resazurina a 0,01%, um indicador de 6xido-reducéo, apresenta a cor azul e é oxidada na
presenca de células viaveis a resofurina, substancia de coloragdo roseo-avermelhada.
Apo6s 20 minutos de incubacdo com resazurina a presenca de cor azul indicou auséncia
de crescimento, a cor rosa, presenca de crescimento bacteriano (PALOMINO et al.,
2002). Foi determinada a CIM a menor concentragdo que ndo houve crescimento

bacteriano visivel e confirmado com a resazurina.
4.9 Determinacdo da Concentragédo bactericida minima (CBM)

Para a determinacdo do CBM, foram selecionados 0s po¢os que ndo apresentarem
crescimento bacteriano visivel no ensaio de CIM para S. mutans UA159. Uma aliquota
de 8 uL foi inoculada em placas com BHI agar. Em seguida, as placas foram incubadas
em estufa a 37°C e 5% de CO> por 24 horas, sendo feita leitura visual das mesmas. A
CBM foi considerada como sendo a menor concentracao testadas que causou 99,9% de
morte celular, ou seja, auséncia de crescimento bacteriano visivel na superficie do agar
(YATSUDA et al., 2005).

4.10 Concentragdo Inibitéria Minima de Aderéncia (CIMA)

O inoculo de S. mutans UA159 foi padronizado em uma concentragdo final em
torno de 1-2 x 108 CFU/mL (escala de 0,5 McFarland). Em seguida, o inoculo foi diluido
na proporc¢do de 1:1000 em caldo BHI suplementado com sacarose (concentracdo final
de 1%). Em cada pog¢o de uma microplaca foram adicionados 190 pL da suspensdo
bacteriana (1-2 x 10° UFC/mL) e em seguida foram adicionados 10 pL do extrato
etanolico e fracdes e subfracdes das folhas de S. brasiliensis, cuja concentragéo foi sub-
CIM, em diluicdo seriada de razdo de 2, e as placas foram incubadas em estufa de CO»,
37 °C por 24 horas. Apos a incubacéo, foi feita a lavagem das placas, com &gua destilada,
para remocéo das células ndo aderidas e coradas com cristal de violeta 0,1%. A leitura foi
feita visualmente, considerando a concentracdo inibitéria da aderéncia celular desses
microrganismos, a menor concentracdo dos extratos em que ndo houve aderéncia revelada
pelo corante (KOO et al., 2002; YATSUDA et al., 2005).
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4.11 Confeccéo dos discos para realizacao do biofilme

Foram utilizados pequenos blocos de esmalte dentario bovino, removidos da
superficie vestibular de incisivos inferiores permanentes e higidos, extraidos de animais
recém-abatidos em frigorificos. O tamanho dos blocos de esmalte (7x7 mm) foi
demarcado e cortado com o auxilio de discos de a¢o diamantados dupla-face montados
em madril para ponta reta 18 odontol6gica, sendo os blocos de esmalte posteriormente
fixados com fio ortodéntico. O fio ortodéntico com os fragmentos foi entdo fixado nas
tampas dos tubos falcons de 15 mL, colocados nos respectivos tubos e esterilizados
(Figura 3).

FIGURA 3. Sequéncia da confecgdo dos corpos de prova: A- incisivo inferior permanente bovino higido
com a demarcacdo do tamanho dos blocos de esmalte; B- fragmento dentério no aparato confeccionado
com fio ortodéntico; C- superficie sélida para formacéao do biofilme no tubo Falcon; D- tubo com bloco de
dente inserido no caldo BHI com sacarose a 1% e in6culo bacteriano.

4.12 Ensaio de Biofilme

4.12.1 Preparo do Intculo e Incubacgéo do S. mutans

S. mutans UA159 foram reativados em caldo BHI suplementado com glicose a
1%. Estes foram incubados em estufa a 37° C e 5% de COg, por 24 horas. Para formacéo
do biofilme, nos tubos esterilizados contendo o fragmento de dente bovino foi adicionado
o indculo de S. mutans na proporgéo de 1:1000 em caldo BHI suplementado com sacarose
(concentracédo final 1%). Os tubos foram colocados em posigdo vertical e incubados a
37°C e 5% de CO, como descrito por KOO et al. (2006), DUARTE et al. (2003)
RODRIGUES et al. (2020). Apos incubacéo, os biofilmes foram tratados duas vezes por
dia com a concentracéo de 50 mg/mL do extrato etanolico de S. brasiliensis, & 10h00min
e 16h00min, do terceiro dia até o quinto dia do periodo experimental (biofilme de 120
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horas). O extrato etandlico das folhas da Brauna foi escolhido devido a boa atividade
antimicrobiana, e 0 seu maior rendimento em relacdo aos extratos testados, pois para
realizacdo do teste foi usado 100 vezes o resultado do CBM (2 g/mL), veiculo controle
(salina 0,9% - controle negativo, 8 mL) e clorexidina 0,12% (controle positivo — 8 mL).

O biofilme foi exposto aos tratamentos durante 1 minuto, enxaguados por duas
vezes em solucdo salina estéril e transferidos para novo meio de cultura fresco (Figura 4).
O biofilme foi exposto aos respectivos tratamentos num total de seis vezes e os testes

foram realizados em triplicata no nimero total de trés experimentos (n = 9).

A B = C D
—_— I —_— s
]
Suporte com

dente (corpo de Solugio de tratamento
prova)

Corpo.de prova + meio com Salina estéril
bactéria, BHI e 1% sacarose

F E
—

Salina estéril
Tubo com BHI + 1 % sacarose

FIGURA 4: Representacao das fases do ensaio de formacéo, in vitro, do biofilme por S.
mutans: A- Corpo de prova; B - Corpo de prova ja com biofilme; C- Lavagem em salina a
0,9%; D- Insercdo da superficie sélida nas solugdes de tratamento por duas vezes (por tempo
de 30 segundos); E- lavagem em salina; F- Insercéo no tubo de origem (contendo caldo BHI e
sacarose). Os tratamentos foram realizados duas vezes ao dia.

Os biofilmes tratados foram analisados quanto a biomassa (peso seco), viabilidade
bacteriana (Contagem de UFC), quantidade de polissacarideos (soluvel e insoluvel em
agua, soltaveis em alcali), queda de pH (via glicolitica) e permeabilidade das células dos

biofilmes a protons (Figura 5).
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FIGURA 5: Fluxograma de trabalho para ensaio de biofilme.

4.12.2 Biomassa (peso seco)

Apobs o biofilme formado, os aparatos e disco de esmalte foram devidamente
raspados com espatula odontoldgica estéril, 0 material obtido da raspagem foi colocado
em tubos de vidro contendo 4 mL de salina estéril. Os tubos foram entéo levados ao
sonicador para a dissolucdo do biofilme e entdo centrifugado a 14000 rpm por 10 min.
Retirou-se o sobrenadante e levou ao dissecador para a secagem completa do biofilme.
Apos secagem foi feita a pesagem para a determinacdo do peso seco (Figura 5).

4.12.3 Viabilidade bacteriana (Contagem de UFC)

Foi feita a raspagem dos discos e aparatos como descrito anteriormente no item
4.8. Apos a raspagem e dissolucdo em sonicador, os biofilmes formados foram diluidos
seriadamente em salina estéril de 10! até 107, e posteriormente plaqueados 20 pL do
biofilme diluido em placas contendo BHI &gar. As placas foram incubadas durante 24
horas, a 37°C e 5% de CO». Apds a incubacdo, foi realizada a leitura visualmente para

avaliacdo do crescimento, por meio da observacdo e contagem das coldnias (Figura 5).
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4.12.4 Quantidade de polissacarideos (soluvel em agua, insoltveis, e solUveis em

alcali)

Apds a raspagem e sonicacdo como descrito no item 4.13.2 foi feita a separacao dos
polissacarideos sollveis e insolGveis em agua e solUveis em alcali. Para tanto, foi feita a
separacdo dos soluveis e insolUveis em &gua através de centrifugagdo em 3800 rpm por
10 min 4°C. O sobrenadante (soltvel) foi transferido para novo tubo e adicionado etanol
gelado, o pellet formado (insoltvel) foi adicionado 2 ml de agua destilada. O solGvel em
alcali foi obtido a partir da retirada de 1,5 mL do tubo contendo o insolUvel, essa amostra
foi entdo centrifugada a 14000 rpm por 10 min e a 4° C. Ap6s a centrifugacdo, o
sobrenadante foi descartado e o pellet foi levado ao dissecador para a secagem por
completo da amostra. A quantidade de polissacarideos (soltvel em agua, insollveis, e
sollveis em alcali) foi determinada por ensaios colorimétricos conforme detalhado por
Koo et al. (2003) (Figura 5).

4.12.5 Queda de pH (via glicolitica)

Os biofilmes de S. mutans UA159 formados e tratados com o extrato etandlico
das folhas de S. brasiliensis na concentracdo de 25 mg/mL, como descrito anteriormente
receberam o Ultimo tratamento no quinto dia de crescimento. Apos esse tratamento, 0s
biofilmes foram lavados em tampéao fosfato por trés vezes, posteriormente incubados em
salt solution (50 mM KCI e 1 mM MgCl,) com o pH 7,0 por 1 hora (37 °C, 5% de COy).
Apos a incubacdo, os excessos de biomassa formados nos aparatos foram retirados
ficando somente os biofilmes aderidos ao disco de esmalte. Os biofilmes foram entéo
colocados em becker com 10,8 mL de salt solution (50 mM KCl e 1 mM MgCl) e o pH
corrigido para 7,2 com KOH (0,5 Molar). Quando o pH estabilizou (pH=7,2), foram
adicionados 1,2 mL de glicose a 10% seguido de medicdo do pH nos tempos de 15, 30,
45 minutos, 1 e 2 horas (BELLI et al., 1995) (Figura 5).

4.12.6 Permeabilidade das células dos biofilmes a prétons

Apos o dltimo tratamento de 25 mg/mL do extrato etandlico (quinto dia), os
biofilmes foram incubados em tampéo fosfato (pH 7,2) por 1 hora. Apds a incubacgdo, 0s

excessos de biomassa formados nos aparatos foram retirados ficando somente os
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biofilmes aderidos ao disco de esmalte dentario. Os biofilmes foram entdo colocados em
becker com 10 mL de salt solution (50 mM KCIl e 1 mM MgCl») e o pH corrigido para
4,2 com solugédo de 100 mM HCI com 50 mM KCI ou 100 mM KOH com 50 mM KCI.
O pH foi estabilizado em 4,2 e medido em intervalos de 10 minutos. No intervalo de 80
minutos foram adicionados 1,2 mL de I-Butanol para ruptura da membrana celular sendo
pH aferido novamente nos intervalos de 82 e 120 minutos (MARQUIS et al., 2004)
(Figura 5).

4.13 Analises estatisticas

As comparacdes estatisticas entre os grupos foram feitas com anéalise de variancia
(ANOVA) seguida pelo pds teste de Dunnett. Os resultados foram considerados
significativos quando p < 0,05. Todos os testes foram realizados em triplicata em trés

momentos diferentes (n = 9).
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ABSTRACT

Caries is a multifactorial and infectious oral disease that affects the majority of
the world's population. Streptococcus mutans is one of the main etiologic agents for the
formation of dental biofilm due to its adhesion, acidogenicity and acidity, which are the
main factors associated with caryogenesis. Medicinal plants can be an alternative to
antimicrobial agents that allow the control of microbial biofilms. In this context, an
Schinopsis brasiliensis Engler, popularly known Bradna in Brazil, has been much
appreciated locally in popular medicine, due to the presence of chemical compounds that
have biological activity, mainly antimicrobial. Thus, the objective of this study was to
evaluate the antimicrobial activity of the ethanolic extract, fractions hexane (H),
dichloromethane (D), ethyl acetate (A), butanol and subfractions (H, D and A) of the
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leaves of S. brasiliensis against S. mutans UA159. For this, the tests of minimum
inhibitory concentration (MIC), minimum bactericidal concentration (MBC) and
minimum inhibitory concentration of adhesion (MICA) were performed. The activity of
the ethanolic extract was evaluated in relation to inhibition of biofilm formation, its
effects on glycolysis and membrane permeability to protons, and analysis of
polysaccharide formation. The lowest MIC values were obtained with the ethanolic
extract, dichloromethane, H3 and D4 subfractions at 31.25 pg/mL. In relation to MBC,
bactericidal activity was demonstrated in the ethanolic extract, hexane, dichloromethane,
ethyl acetate, H2, D2, D3, D4, D4.8 Al and A2. Butanol, H1, H3, H4, D4.11, D4.12,
D4.13 A3 and A4 did not show MBC at the maximum concentration tested at 1000
pg/mL. In biofilm analyzes, treatment with the ethanol extract of S. brasiliensis (2 g/mL)
in the tested concentration was able to reduce biomass, insoluble and alkaline soluble
glucans compared to the control biofilm (p < 0.05). The ethanolic extract affected the acid
production of the biofilm (p <0.05), and also altered the acid tolerance of S. mutans
UA159 cells in biofilms. The main bioactive compounds found in the dichloromethane
fraction were thymol, ethyl gallate, gallic acid and methyl gallate. This is the first report
of antimicrobial activity of ethanolic extract from S. brasiliensis against Streptococcus
mutans biofilm. Thus, the ethanolic extract, fractions and subfractions of the leaves of S.
brasiliensis demonstrated therapeutic potential for use in preventing the formation of
dental caries, as it presented antimicrobial activity and inhibited important virulence
factors of S. mutans UA159. More studies will be conducted in the future to elucidate the
antimicrobial compounds in the other fractions of the ethanolic extract, and to elucidate

the mechanisms of action of these compounds against S. mutans.

Keywords: Caries; Streptococcus mutans; medicinal plants; Antimicrobial; Schinopsis

brasiliensis Engler; biofilm, aciduric, acidogenic.
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1. Introduction

Caries is a persistent oral infectious disease most prevalent in the world, although
frequent in childhood, they affect people of all ages throughout life.l? Streptococcus
mutans is considered one of the most important pathogens on the formation of dental
biofilm in humans.® The main virulence factors of S. mutans that is associated with the
cariogenic potential are adhesion, acidogenicity and acid tolerance.* They are gram-
positive, facultative anaerobic, can synthetize glucans from diet sucrose by
glucosyltransferases (Gtfs).> S. mutans produces organic acids as a product of
carbohydrate metabolism, which lowers the pH of the dental biofilm, leads to the
dissolution of the teeth and, consequently, formation of a cavity, and sometimes, the tooth

loss.52

Traditional biofilm prevention and control methods consist of mechanical removal
and use of antibacterial.” However, the increase in strains resistant to antimicrobials and
adverse effects are a growing concern over the years. Therefore, it is important to use
new herbal compounds that can be used as an alternative treatment for oral diseases that
are safe, efficient and economical for the population.® In addition, in Brazil there is a huge
biodiversity, being responsible for more than 15% of all species on the planet, and for this
reason, it is rich in active biological compounds that can be used as medicines or as

models for discovering new medicines.

In this context, Schinopsis brasiliensis Engler is a plant belonging to the
Anacardiaceae family, native to Northeast Brazil, and it is popularly known as “bratna,
baratna, quebracho”.*? It is one of the most important medicinal plants for
communities located in the Caatinga in Northeastern Brazil where people use its bark in
various mixtures designed to treat flu symptoms, colds, diarrhea, dysentery, fractures,
general inflammations, general infections and sexual impotence.'**® Antimicrobial
activity of S. brasiliensis against both Gram-positive bacteria and Gram-negative bacteria
were demonstrated before.”8 The antibacterial activity of S. brasiliensis extracts against
resistant strains of Staphylococcus aureus has been reported.'>2° Despite the importance
and widespread use of S. brasiliensis in folk medicine, there are few experimental studies

that seek to evaluate its pharmacological and phytochemical properties. 2°
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Thus, the objective of this study was to evaluate the antimicrobial activity of the
ethanolic extract, fractions (hexane, dichloromethane, ethyl acetate and butanol) and
subfractions of the leaves of S. brasiliensis against S. mutans UA159 in planktonic and
biofilm models. This is the first report of antimicrobial activity of ethanolic extract from

S. brasiliensis against Streptococcus mutans biofilm.

2. Material and Methods
2.1 Plant Material

The collection of the leaves of Schinopsis brasiliensis Engler was carried out in
FLONA - National Forest of Contendas do Sincora (S13°55'286" and W041°06'942", at
352m height). The samples were collected after a collection authorization was granted for
an activity with a scientific objective from the Brazilian Institute of Environment and
Renewable Natural Resources (IBAMA) (license n° 13258-1). The plant material was
identified by Prof. Avaldo de Oliveira S. Filho, and voucher specimens (n°® HUESBVC
4931, 4952 and 4953) were deposited in the Herbarium of Universidade Estadual do
Sudoeste da Bahia (UESB) in Vitoria da Conquista, Bahia, Brazil.

2.2 Preparation of ethanolic extract, fractions and subfractions for microbiological

tests

S. brasiliensis leaves were dried, crushed and macerated exhaustively in 99°GL
ethanol for 72 hours for the extraction of bioactive compounds. Then, filtered and
concentrated on the rotary evaporator under reduced pressure at 45°C to obtain dry
ethanolic extract. The final average yield of the ethanolic extract was 13.65% of the dry
weight of the leaves. Part of the ethanolic extract was dissolved in an ethanol/H2O mixture
(1: 1) and partitioned successively sequentially by liquid-liquid extraction, in increasing
polarity order with hexane -HEX (3 x 30ml), dichloromethane — CH2Cl> (3 x 30ml), ethyl
acetate - EtOAc (3 x 30ml) and butanol - BUuOH (3 x 30 mL), providing after evaporation
of solvents in a rotary evaporator and dried at room temperature, providing the fractions
of hexane (SBH), dichloromethane (SBD), ethyl acetate (SBAE) and butanol (SBB).2*23

The bioguided fractionation of the extracts of the leaves of S. brasiliensis, were
selected by previous antimicrobial activity and yield of the extracts. Therefore, the SBH
e SBAE soluble fractions of the ethanolic extract of the leaves (48.88 g and 41.53 g) were
subjected to subfractionation by a filter column, using silica gel 60 with a particle

diameter between 0.063-0.200 nm as the stationary phase. The hexane fractions were
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eluted with HEX: Methanol (MeOH) and ethyl acetate with EtOAc: MeOH in increasing
gradient of polarity ending with MeOH. After removing the solvent under vacuum with
a Buchner funnel, thin layer chromatography (TLC) analysis was performed, 4 sub-
fractions of each were collected. The subfractions of hexane fractions were H1, H2, H3
and H4, and from ethyl acetate were Al, A2, A3 and A4.

The dichloromethane fraction was subfractioned by dry column chromatography
(silica gel 60, 70-230 mesh, Merck), as eluent mixtures of CH2Cl: EtOAc: MeOH.
Subsequently, the column was cut into four parts, taking into account the colors and
extracted with EtOAc: MeOH in an increasing polarity gradient, ending with methanol in
a Buchner funnel. The subfractions obtained after comparative analysis using TLC, were
grouped providing 4 subfractions (D1, D2, D3 and D4) (Figure 1).

Subfraction D4 (4.8g) was subjected to fractionation in column chromatography
(CC) using silica gel 60 with a particle diameter between 0.035-0.070 nm and chloroform
(CHCI5): EtOAC mixtures, starting with the ratio 7: 3 with increasing gradient of polarity
ending with MeOH. After TLC analysis, 13 subfractions were collected (Figure 1).

2.3 Phytochemical study of the extracts of the S. brasiliensis

Phytochemical analysis of ethanolic extract, dichloromethane, D1, D2, D3, D4,
D4.8, D4.12 and D4. 13 of S. brasiliensis leaves was carried out using standard methods
of chromatography to identify the mainly constituents. The solvent systems used were
DCM: EtOAc: MeOH (7:2:1). Phytochemical tests for the identification of flavonoids,
sterols and alkaloids were carried out using the following reagents and chemicals: The
presence of flavonoids using aluminum chloride - methanol solution 1%; Sterols with

Liebermann-Burchard Reagent and alkaloids were detected using Wagner’s Reagent.?4?

2.4 Analysis of the subfractions of S. brasiliensis by gas chromatography coupled to

Mmass spectrometry

Subfractions D1, D2, D3, D4, D4.8, D4.12 and D13, were analyzed by gas
chromatography coupled to mass detector (GC-MS). Before being analyzed by gas
chromatography, the samples were subjected to silylation derivatization. For this reaction,
3 mg of the sample were weighed into a vial, where he was diluted in 60 pL of pyridine.

It was added 100 upL of the reaction mixture of N, O-Bis (trimethylsilyl)
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trifluoroacetamide (BSTFA) containing 1% trimethylchlorosilane (TMCS) (Sigma-
Aldrich®) to this solution. This mixture was heated at 70 °C for 30 minutes and 1 ul of
the mixture was injected into the GC-MS.%

Shimadzu® GC-MS (QP2010SE-GC2010 Plus) was used using Rtx-5MS fused
silica capillary column (30 m, 0.25 um internal diameter, 0.25 um film) and helium as the
carrier gas. The temperature used in the injector, detector and interface of the GC- EM
system was 290 °C. The initial temperature of the analysis was 80 °C for 5 min, increasing
from 285 °C at 4 °C/ min. The final temperature remained at 285 °C for 40 minutes.?
The mass detector operated with electron impact ionization (70 eV) and mass scanning in
the range of 30 to 600 Da. The identification of the compounds was performed by
comparing the mass spectral of the samples with those in the equipment database (NIST
08, FFNSC1.3 and WILEY?S8).

2.5 Microorganisms

Streptococcus mutans UA159 was used in the antimicrobial tests as the cariogenic
bacteria. S. mutans was incubated for 24 hours, at 37 °C and 5% CO: in Brain Heart
Infusion broth (BHI broth, KASVI) and stored at - 80°C.

2.6 Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal
Concentration (MBC)

The antimicrobial activity was determined by minimum inhibitory concentration
(MIC) and minimum bactericidal concentration (MBC). Serial dilution was carried out
with the ethanolic extract, fractions and subfractions (A1-A4, H1-H4, D1-D4, DA4.8,
D4.11, D4.12 and D4.13) of S. brasiliensis leaves in the concentration ranging from 1000
to 31.25 pg/mL. For MIC determination, the starting inoculum was 1-2 x 108 CFU/mL.
This test was performed in 96 wells microplates, in which each well was filled with 190
pL BHI with inoculum (inoculation 1:1000), except the negative control wells. The plates
were incubated for 24 hours, at 37°C and 5% CO,.%" In the wells where there was no
visual growth, 20 pL of the resazurin dye (Sigma®©) was added. After 20 minutes of
incubation with resazurin the presence of blue color indicated absence of growth, pink
color, presence of bacterial growth.?2 MIC was determined at the lowest concentration of

extracts that there was no visible bacterial growth and confirmed with resazurin.
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For the determination of MBC, an aliquot (8 puL) of suspensions from the wells
that there was no bacterial growth were inoculated in plates with BHI agar and incubated
for 24 hours, 5% CO., at 37°C. The MBC was defined as the lowest concentration that
enables no growth on the agar (99.9% killed). Tests were conducted in triplicate at three

different times (n = 9).
2.7 Minimum Inhibitory Concentration of Cell Adhesion (MICA)

To determine the MICA, the same procedure of MIC was followed; however, the
medium was supplemented with 1% of sucrose, and ethanolic extract, fractions and
subfractions of S. brasiliensis leaves were tested with sub-MIC concentrations. After the
incubation for 24 hours, 5% CO», at 37°C, the plates were washed three times with saline
solution and stained with 0.1% crystal violet, and followed by another washing with saline
solution for removing dye excess.?’ The visual reading of stained was done by comparison
to the controls. MICA was defined as the lowest concentration that allowed no visible cell
adherence on the surface. Tests were conducted in triplicate at three different times (n =
9)

2.8 Biofilm Assays

Biofilms of S. mutans UA159 were formed on fragments of bovine tooth placed
in a vertical position in BHI culture with 1% of sucrose at 37 °C and 5% CO: for 5 days,
as described by Koo et al. (2003)%°, Duarte et al. (2003)*° and Rodrigues et al. (2020)?’.
The starting inoculum was 1-2 x 108 CFU/mL. In which each tube was filled with 8 mL
of BHI with inoculum (inoculation 1:1000), except the negative control tube. The
biofilms were grown undisturbed for 24 h to allow initial biofilm formation. At this point
(24 h old), the biofilms were treated twice daily (10 a.m. and 4 p.m.) until the fifth day of
the experimental period (120 h old biofilm) with the ethanolic extract of the leaves of S.
brasiliensis (50 mg/mL), or vehicle control (saline 0,9% - negative control) or
chlorhexidine 0.12% (positive control). The ethanolic extract was chosen due to its good
antimicrobial activity and its higher yield. The biofilms were exposed to the treatments
for 1 min, double-dip rinsed in a sterile saline solution and transferred to fresh culture
medium. The culture medium was replaced daily. Each biofilm was exposed to the
respective treatments in a total of eight times. The treated biofilms were analyzed for

biomass formation (dry weight), bacterial viability and the composition of
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polysaccharides (soluble, soluble in alkali, and insoluble) determined by colorimetric

assays as described Koo et al. (2003).%°

The effects of the ethanolic extract from S. brasiliensis on glycolysis were
measured by standard pH drop test in biofilm model as previously described by Belli et
al. (1995).3! Biofilms of S. mutans formed UA159 and treated with a concentration of 25
mg/mL, as previously described, received the last treatment on the day of growth. After
this treatment, the biofilms were washed in phosphate buffer three times, then incubated
in saline solution (50 mM KCI and 1 mM MgCl.) with pH 7.0 for 1 hour (37 ° C, 5%
CO»). After incubation, the excess biomass formed in the apparatus was removed, leaving
only the biofilms adhered to the enamel disc. The biofilms were then removed with 10.8
mL of saline (50 mM KClI and 1 mM MgCl>) and the pH corrected to 7.2 with KOH (0.5
molar). When the pH stabilized (pH = 7.2), 1.2 mL of 10% glucose was used followed by
pH at 15, 30, 45 minutes, 1 and 2 hours.3!

The test Proton Permeability was also done with the same concentration of
ethanolic extract (25 mg/mL), and S. mutans biofilms were initially washed with salt
solution (50 mmol-L-1 KCI plus 1 mmol-L-1 MgCly). Subsequently, they were incubated
in salt solution at a constant pH value 7.2 and adjusted to the pH to approximately 4.6.
The subsequent rise in pH associated with movements of protons across the cell
membrane into the cytoplasm was monitored with a glass electrode. The initial rate of
proton entry was also estimated because changes in initial rates of proton uptake give the
best measure of disruptive effects on membrane. A rapid rise in pH followed, indicate of
loss of ApH between the cytoplasm and the environment. The proton entry rate was
calculated using the pH changes 0-80 min (biofilms) incubation period. Butanol (final
concentration: 10%, V/V) was added to the 80 min (biofilms) to damage the cell

membrane.3? Tests were conducted in sixplicate at three different times (n = 18).

2.9 Statistical Analysis

All variables were tested for normal distribution and homogeneous variance. For
the data with non-parametric distribution, the statistical comparisons between groups

were made using Kruskal-Wallis test, and for parametric distribution, analysis of variance
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(ANOVA) followed by Dunn’s Multiple Comparing test. The level of significance was
set at 5%.

3. Results

The ethanolic extract of the leaves of S. brasiliensis (1.465 kg), after filtration,
was concentrated, yielding 13.65% of the ethanolic extract in relation to the weight of the
leaves. Then, approximately (154,01¢) of this ethanolic extract was subjected to partition
extraction, following an increasing polarity gradient. After evaporation, four fractions
were obtained in the following yields: 31.73% (hexane), 11.54% (dichloromethane), 26,
96% (ethyl acetate) and 12.78% (butanol). After fractionation, the fractions of hexane,
dichloromethane and ethyl acetate were subfractionated and gave rise to hexane
subfractions (H1: 41.48%, H2: 19.10%, H3: 5.87% and H4: 2.88 %), dichloromethane
(D1: 1.99% D2: 23.99%, D3: 34.80% and D4: 33.22%) and ethyl acetate (Al: 64.08%,
A2: 10.6%, A3:4,24% and A4:10%). Subfraction D4 was subfractioned in thirteen
dichloromethane subfractions (D4.1: 0.10%, D4.2: 0.08%, D4.3: 0.06%, D4.4: 0.04%,
D4.5: 0.10%, D4.6: 0.06%, D4.7: 0.16%, D4.8: 5.56%, D4.9: 0.06%, D4.10: 0.12% D4.
11: 48.57%, D4.12: 17.12% and D4.13: 12.87%).

The qualitative phytochemical screening revealed the presence of various
bioactive compounds such as flavonoids in the ethanolic extract, dichloromethane and
subfractions D2, D3, D4 D4.8, D4.12 and D4.13. The presence of steroids was
demonstrated in the ethanolic extract, dichloromethane, subfraction D3, D4 and D4.12.

We did not observe the presence of alkaloids in the tested extracts (Table 1).

The analysis of the chemical profile was performed by gas chromatography
coupled to mass spectrometry of D1, D2, D3, D4, D4.8, D4.12 and D4.13 subfractions.
It was possible to identify several substances as gallic acid, ethyl gallate and methyl
gallate were the major compounds identified. The major compounds of D1 subfraction
were glycerol (87.89%), thymol (0.11%) and linolenic acid (0.10%); in D2 subfraction
were ethyl gallate (49.7%), gallic acid (2.79%) and protocatechuic acid (1.12%); in D3
subfraction were gallic acid (13.68%), glycerol (18.98%) and 3,45
trihydroxycyclohexene-1carboxylic acid (2.16%); In the D4 subfraction,were found
glycerol (14.90%), gallic acid (12.32%) and 3,4,5 trihydroxycyclohexene-1carboxylic
acid (3.68%); The compounds found in D4.8 subfraction were methyl gallate (45.68%)
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and ethyl gallate (54.32%); In D4.12 were found glycerol (35.07%), tetradecanoic acid
(0.66%) and gallic acid (12.24%). In D4.13 subfraction were identified 3,4,5
trihydroxycyclohexene-1carboxylic acid (16.97%), gallic acid (3.70%) and lactic acid
(3.01%). In D3, D4, D4.12 and in D4.13 subfractions, we observed the presence of sugar
(Table 2).

Values of Minimal Inhibitory Concentration (MIC), Minimum Bactericidal
Concentration (MBC) and Minimum Inhibitory Concentration of Cell Adhesion (MICA)
of the extracts S. brasiliensis against S. mutans UA159 were determined in vitro. The
lowest MIC values were obtained with the ethanolic extract, dichloromethane, H3 and
D4 was 31.25 pg/mL; Hexane, ethyl acetate, H1, H4, A1, A2 and D2 showed MIC at the
concentration of 62.5 pg/mL; H2, D3, D4.8 and A3 was 125 pg/mL; D4.13 was 250
pg/mL; A4 and D1 was 500 pg/mL and D4.12 at 1000 pg/mL. Butanol and D4.11 did not
showed MIC at the maximum concentration tested. The MBC of the dichloromethane
was 62.5 ng/mL; D4 was 125 pg/mL; Etanolic extract, hexane, A1 and D2 was 250
pg/mL; H2, D2, D3, D4.8 was 500 pg/mL; Ethyl acetate and A2 was 1000 pg/mL.
Butanol, H1, H3, H4, D4.11, D4.12, D4.13 A3 and A4 did not show CBM at the
maximum concentration tested at 1000 pg/mL. The extracts of the leaves of S. brasiliensis
tested with sub-MIC concentrations did not inhibit adherence of S. mutans UA159 (Table
3).

After the determination of the antimicrobial activity of the ethanolic extract
fractions and subfractions of the leaves of S. brasiliensis on planktonic cells of S. mutans
UA159, ethanolic extract of S. brasiliensis were tested in a biofilm model to evaluate the
viability of S. mutans, as described in Table 4. The biofilm treated with the ethanolic
extract S. brasiliensis at 50 mg/mL (1,54 x 10°+ 4,5 x 10* CFU/mL) and Chlorhexidine
0.12% (6,9 x 10+ 1,40 x 10%) were able to reduced the S. mutans viable cells in biofilms
when compared to the saline treatment (7.39 x 10%+ 4.43 x 10° CFU/mL) (p < 0.05). There
was not statistical difference between the antimicrobial activity of the ethanolic extract
and chlorhexidine 0.12% (p > 0.05).

The biofilms were also analyzed for dry weight, the biomass of biofilm (Table 5).
The treatment with chlorhexidine 0.12% reduced the total biomass of biofilm to
8.15+4.98 mg per biofilm and the ethanolic extract reduced to 28.64 £10.17 mg per

biofilm, while the biomass of saline control was 36.15+8.60 mg per biofilm (p < 0.05).
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The quantity of glucans soluble in alkali was reduced by the ethanolic extract (33.01+5.49
mg per biofilm) in comparison to the control biofilm (37.58+8.17 mg per biofilm) (p <
0.05). Chlorhexidine was able to reduce the production of glucans soluble in alkali in the
biofilms (5.75 £ 1.89 mg per biofilm) (p < 0.05). The soluble glucans from the biofilms
treated with ethanolic extract did not differ from the concentrations in the biofilm treated
with saline (p > 0.05). Chlorhexidine was able to reduce the production of soluble glucans
(0.42 + 0.036 mg per biofilm) with statistical difference compared to saline (0.69 £0.04
mg per biofilm) and ethanolic extract biofilm (0.68+0.04 mg per biofilm) (p < 0.05). The
insoluble glucans concentrations from the biofilms treated with ethanolic extract (24.67
+ 4.90 mg per biofilm) and chlorhexidine (15.32 + 8.36 mg per biofilm) were reduced in
the biofilm treated comparing to the saline treated biofilm (28.87 + 6.97 mg per biofilm)
(p <0.05).

Acid production by S. mutans in biofilms was significantly reduced by the
ethanolic extract S. brasiliensis (2 mg/mL) as determined by glycolytic pH-drop test in
the presence of excess of glucose (Figure 2). The ethanolic extract and chlorhexidine
showed statistically reduction in the production of acids when compared to the saline
biofilm, in the period of 15 min to 120 min (p < 0.05). The final pH value at 120 min was
4.46x0.23 for saline group, 6.97+0.24 for the S. brasiliensis extract and 7.32+0.19 for the
chlorhexidine treatment (p < 0.05). The chlorhexidine and ethanolic extract biofilm
showed similar reduction in the production of acids in the period of 15 min to 60 min (p
> 0.05), and only differ at 120 min (p < 0.05).

The ethanolic extract of S. brasiliensis leaves were not able to reduce the acid
tolerance of the S. mutans on biofilms when compared to saline group or chlorhexidine
(p < 0.05) (Figure 3). The chlorhexidine reduced the acid tolerance from 10 min to 120
min comparing to the ethanolic extract and saline control group (p < 0.05). The final pH
value at 120 min was 4.74+0.10 for saline group and 4.91+ 0.15 for the ethanolic extract
(p > 0.05), and 5.64+0.08 for chlorhexidine (p < 0.05).

4. Discussion

Caries is an infectious-contagious disease that has a chronic multifactorial pattern,
being Streptococcus mutans a major etiological agent of dental caries.>® Considered a

worldwide oral health problem that can affect people throughout life, it is given little
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public health priorities in many countries. 2 Therefore, in an attempt to prevent and treat
oral diseases, especially those bacterial biofilms, one attractive approach would be the
development of new therapies based on natural products with good effectiveness and
minimal aggression to the host organism.® The prospection of compounds extracted from
medicinal plants with antimicrobial properties has been researched with the purpose of
obtaining new antimicrobial agents. ** In our study, we analyzed the antimicrobial

potential of the leaves of S. brasiliensis against Streptococcus mutans UA159.

The present study evaluated the antimicrobial activity of the S. brasiliensis
ethanolic extract, its fractions (hexane, dichloromethane, ethyl acetate and butanol) and
subfractions against S. mutans UA159. Quantitative tests were used to evaluate the ability
of the plant to inhibit bacterial growth (MIC) and cause irreversible damage to the
bacterial cell (MBC). According to Holetz et al., (2002)** MIC values of crude extracts
lower than 100 pg/mL indicates a good antimicrobial activity; 100 to 500 pg/mL the
antimicrobial activity is moderate; 500-1000 pg/mL considers antimicrobial activity is
weak, and values above 1000 pug/mL the extract is considered inactive. Considering this
classification, the ethanolic extract can be classified as a good antimicrobial because had
a MIC at 31.25 pg/mL. The fractions of hexane, dichloromethane and ethyl acetate also
showed good bacteriostatic antimicrobial activity. The subfractions H1, H3, H4, D2, D4,
Al and A2 demonstrated good antimicrobial activity. The subfractions H2, D3 A3, D4.8
and D4.13 indicated moderate action. The subfractions D1, A4 and D4.12 showed weak
antimicrobial activity. The fraction of butanol and subfraction D4.11, did not showed
antimicrobial activity at the higher dose tested (1000 pg/mL). In relation to MBC,
bactericidal activity was demonstrated in the ethanolic extract, hexane, dichloromethane,
ethyl acetate fractions, and subfractions H2, D2, D3, D4, D4.8 Al and A2. In the
literature, there are studies that prove this activity, such as the study done with the
ethanolic extract, hexane and ethyl acetate of the bark of S. brasiliensis in which it showed
activity against planktonic cells of S. mutans with MIC varying between 250 and 500
ug/mL.% Another study has also pointed out good antimicrobial activity for hexane
fraction of S. brasiliensis against planktonic cells of S. oralis, but not with S. mutans.3®

In our study, we evaluated the antimicrobial effect of ethanolic extract of the
leaves of S. brasiliensis in S. mutans UA159 biofilm formation in tooth bovine model,
evaluating viable cell count and determination of polysaccharides synthesized. The acid

tolerance and acid production were also evaluated. Biofilms of S. mutans UA159 were
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treated by ethanolic extract S. brasiliensis and were able to inhibit the biofilm formation
as they show bactericidal effect, by reducing the viable cells on biofilm. A higher
concentration of the extract was used in biofilms than in planktonic assays, concentration
two hundred times higher than the MBC. It occurs because when bacterial cells are
organized into biofilms, they have a higher density of biomass, which makes it harder for
the extract to penetrate in biofilm, and they can survive in stressful conditions more easily
than if they were in planktonic form.3” Even so, the ethanolic extract of S. brasiliensis

was able to produce death of S. mutans, reducing biomass (total dry weight).

S. mutans has the ability to adhere tightly to the surface of the tooth because can
produce at least three types of glucosyltransferases enzymes (GTF) such GtfB, GtfC and
GtfD that metabolizes sucrose in glucans, which can be soluble and insoluble in water.
The formation of glucans is important virulence factors that contribute to the stability and
structural integrity and the formation of dental biofilm.3 GtfB synthesizes water insoluble
glucans, GtfC produces a mixture of soluble and insoluble glucans, and GtfD catalyzes
synthesis of water soluble glucans.®® The ethanolic extract of S. brasiliensis were able to
reduce the production of insoluble and soluble glucans in alkali in the biofilm of S. mutans
UA159. Water insoluble glucans are the major constituents of dental biofilm matrix.>° In
addition, the elevated amounts of insoluble glucans in dental biofilm significantly reduced
the inorganic concentration (Ca, P and F) in the matrix.3® Therefore, the lower levels of
this glucan or the inhibition of Gtfs activity in biofilms are important to reduce the
virulence of cariogenic biofilms, with the reduction of the attachment of microorganism

to the matrix, leading to the reduction of biomass formation.*°

S. mutans metabolize dietary sugars and produce organic acids such as lactic acid
by the glycolysis pathway, which is a biochemical reaction that occurs in the cytoplasm.*!
The pH 5.5 is the critical pH, which occurs demineralization of the tooth enamel. Thus,
anticariogenic agents can promote changes in pH by inhibiting glycolysis, resulting in
less production of acids to the biofilm. In the present study, the ethanolic extract of S.
brasiliensis reduced the acid formation resulting from metabolism through the
carbohydrate glycolytic pathway as observed in the pH-drop assay. The final pH of saline
was almost 4.46, below the critical pH that occur the demineralization of the tooth enamel.
However, the ethanolic extract showed final pH nearly 6.97 and chlorhexidine at 7.3. The
ethanolic extract and chlorhexidine near completely stopped the acid production from

glucose, maintained the final pH above the critical pH when occurs demineralization of
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enamel. Rates of pH drop reflect acidogenic capacities of the cells, while final pH values
of the suspensions also reflect acid tolerance. 32 Furthermore, the ethanolic extract also
sensitized the cells to acidification to the point that the final pH values were significantly
higher (2.5 units) than those in the presence of vehicle control. These effects could be
related, in part, to disruption of proton permeability of S. mutans cell membrane caused
by the extract, which would affect the pH gradient (ApH) across the membrane, leading
to inhibition of the overall intracellular metabolism, including acid production.*

Moreover, the extract could be also inhibiting the glycolytic enzymes directly.

The acid tolerance of S. mutans leads to the microorganism to survive in low pH,
the intracellular pH is maintained above the extracellular pH of the dental biofilm, due to
the increase of the membrane protein F-ATPase, that make the extrusion of protons. This
mechanism allows the microorganism to maintain the pH of the cytoplasm most alkaline
and to protect sensitive glycolytic and acidic enzymes that are present in the cell.**** The
rise of pH of a suspension as protons moved into the cell was recorded with a glass pH
electrode. The ethanolic extract was able to increase the dynamic proton permeability of
cell membranes between 40 and 80 min in comparison to control (p < 0.05), and the rises
of pH after the addition of butanol, demonstrate that exposure. Thus, a change in the
permeability of the cell membrane may be one of the mechanisms that can affect the

growth of S. mutans.

The compounds that are responsible for the therapeutic effects are usually the
secondary metabolites.”® In this study, the secondary metabolites classes were
investigated from phytochemical analyzes. GC-MS analysis of the dichloromethane
subfractions identified the major compounds: gallic acid (D2, D3, D4, D4.12 and D4.13),
ethyl gallate (D2 and D4.8), and methyl gallate (D4.8). In D1 subfraction, other
compounds were identified as thymol and linolenic acid. In addition, the presence of sugar
(D2, D3, D4, D4.12 and D4.13) was also identified. These findings are in accordance
with other study realized by Moreira (2009)*® with the dichloromethane extract, which
also isolated gallic acid and methyl gallate from the leaves of S. brasiliensis. Furthermore,
Fernandes et al. (2015)*" developed and validated an analytical method for the

quantification of gallic acid as the chemical marker with dried extract of S. brasiliensis.

The antimicrobial activity of the thymol, isolated as the major compound (56.7%)
from Lippia sidoides showed MIC at 5 mg/mL and MBC of 10 mg/mL against S. mutans
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55-980."8 Thymol and a fatty acid, such as linolenic acid, was demonstrated in vitro
bacteriostatic and bactericidal activities against S. mutans.*® Thymol isolated from
Origanum vulgare L. showed highest antimicrobial activity at 125 pug/mL against S.
mutans ATCC 25175.%° In our study, the D1 subfraction contains thymol (0.11%) and
linolenic acid (0.10%) in low concentrations, and this may be the reason for
demonstrating only bacteriostatic activity with the MIC at 500 pg/mL. In addition,
biofilm formation on the surface of polystyrene plates was significantly reduced by
thymol at 100 pg/mL.>° Wherein exposure to 25 pg/mL of thymol showed an increase in
Autolysin gene (AtIE) expression level that induces apoptosis-like activity, increased the
expression level of sodA genes that demonstrate an increase in oxidative stress and
general stress in S. mutans, and a decrease in the gtfB gene expression levels that suggests
the inhibition of insoluble glucans production and biofilm formation.>® Thymol present in
the ethanol extract of S. brasiliensis can contribute to the reduction of the production of

insoluble glucans in the formation of biofilm by reducing the expression of gtfB.

The methyl gallate (MG) and gallic acid (GA) are phenolic compounds with
pharmacological activities already demonstrated, including antioxidant, anti-
inflammatory and antimicrobial activities, which can inhibit the growth of cariogenic
bacteria in vitro, as well, the formation of S. mutans biofilms.>! MIC of GA isolated from
black tea leaves against S. mutans was 2 mg/mL.> Shao et al. (2015)° obtained MIC of
GA at 8 mg/mL for S. mutans, and the inhibition effect of GA on biofilm could be due to
other factors in additional to the antibacterial effect: nutrient level, treatment temperature
and incubation time affect the inhibition activity of GA.>® Kang et al. (2008)°! examined
the ability of MG and GA in Galla rhois, and both had inhibitory effects on the growth
of S. mutans and S. sobrinus (MIC < 8 mg/ml). Moreover, at 4 mg/ml both MG and GA
significantly inhibited the formation of the artificial S. mutans biofilms, by 79.0% and
69.2%, respectively. Anti-adhesion might be one mechanism in action in antimicrobial
activity of MG and GA, the adherence of S. mutans was inhibited by MG (1~4 mg/ml)
and GA (2~4 mg/ml). In our study, it was observed the presence of gallic acid in D2
(2.79%), D3 (13.68%), D4 (12.32%), D4.12 (12.24%) and D4.13 (3.70%) subfractions
that showed low MIC values between 31.25 and 1000 pg/mL. In the D2 subfraction, there
is also ethyl gallate (EG — 49.7%) working in synergism with GA to show antimicrobial
activity (MIC 62.5 pg/mL). The gallic acid, a phenolic acid, is well known for its

antimicrobial properties and different mechanisms, which may be destabilization and
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permeabilization of cytoplasmatic membranes, efflux pump inhibition and enzyme
inhibition by the oxidized products.® Mechanisms of action might be inhibition of
extracellular microbial enzymes required for microbial growth or direct action on
microbial metabolism through inhibition of oxidative phosphorylation.®® Thus, there is
no clear consensus about its antimicrobial mechanisms of gallic acid. The study
performed by Borges et al. (2013)° observed that the phenolic acids, in particular gallic
acid, changed significantly the cell surface of bacterial, changing the bacterial
hydrophobicity. Furthermore, Zhang et al. (2015)° reported that GA has been shown to
inhibit enamel demineralization and enhance remineralization, and the inhibition effect is

not influenced by pH, indicating that GA could be used at a wide pH range.

The DA4.8 subfraction contains methyl gallate (MG - 45.68%) and ethyl gallate
(54.32%) and showed a lower MIC at 125 pg/mL, which results may be associated with
the synergism, between these two compounds. Kacergius et al. (2017)°” demonstrated that
the MG reduced the S. mutans UA159 biofilm biomass grown for 24 h on the polystyrene
surface in a dose-dependent manner, exhibiting its highest effect at concentrations of 1
mg/mL, with biofilm inhibition at 93%. Kang et al. (2008)°! demonstrated using beaker-
wire tests that 1 mg/mL of MG significantly reduced the wet weight biofilm biomass of
S. mutans (strain Ingbritt) in comparison with untreated bacteria, after 24 h of incubation
in medium containing 5% sucrose. In our study, the D4.8 subfraction have 45.68 % of
MG and showed good bacteriostatic (MIC 125 pg/mL) and bactericidal (MBC 250
pg/mL) activities, contributing to the reduction of biofilm biomass by the ethanolic
extract. Kacergius et al. (2017)° also showed that treatment of S. mutans bacteria with
the isolated MG significantly prevented a decrease in the pH level, compared with
untreated bacteria grown in THB with 1% sucrose. This preventive effect of MG occurred
in a dose-dependent manner, and MG concentrations from 0.7 to 1 mg/ml increased pH
by 96-97%. It may be hypothesized that the antibiofilm effect is because of the
downregulation of glucosyltransferases and the inhibition of F-ATPases in S. mutans.®’
Choi et al. (2014)8 indicates that the primary mechanism of MG action is via DNA gyrase
or ATPase inhibition in the Salmonella, but not via cell wall synthesis inhibition. The
proton permeability of S. mutans was increased in our study when the 5 days biofilm was

treated with the ethanolic extract of the leaves of S. brasiliensis.

Antibacterial activity of ethyl gallate (EG) isolated from Pistacia integerrima
Linn was evaluated against S. mutans UA159, MIC and MBC were 1.56 and 6.25 mg/mL,
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respectively.>® In our study, the ethyl gallate is present in D2 and D4.8 subfractions, with
49.7% and 54.32% respectively, and showed bacteriostatic (MIC 62.5 and 125 pg/mL,
respectively) and bactericidal (MBC 250 and 500 pg/mL, respectively) activities. Thus,
the MIC/MBC values found in our study were lower than the concentration found by
Gabe et al. (2019)*° probably because of the synergism with GA in D2 subfraction and
with MG in D4.8 subfraction. These authors also observed that highest concentration of
EG 0.7 mg/mL (3.53 mM) reduced S. mutans biofilm formation on polystyrene (68%)
and glass (91%) surfaces, and prevented a decrease in pH levels occurred in a dose-
dependent manner, and EG concentrations from 3.38 to 3.53 mM increased the pH by
95-96%. In our study, the antimicrobial activity in biofilm occur with concentration at 50
mg/mL of the crude ethanolic extract, a higher concentration than used by these authors.
Furthermore, the alteration of acid productions by S. mutans in biofilms were obtained
with the concentration of 25 mg/mL of ethanolic extract, probably because of the lower
amount of these active compounds (MG, GA and EG) in the crude extract. The expression
of genes encoding glucan binding protein B (gbpB), glucosyltranferases B, -C, -D (gtfB,
-C, -D), and F-type ATPases (atpD) were also evaluated using a quantitative reverse
transcription-polymerase chain reaction (RT-gPCR). Biofilm-producing bacteria treated
with EG underwent significant gene expression changes for three genes — gtfC, gtfB, and
gbpB — with 98.6, 47.5, and 13.8 increases in fold change, respectively, which synthetize
water-insoluble glucans with a-1.3-glucosidic linkages and glucan-binding proteins (Gbp
proteins)®®. In our study, the production of insoluble glucans was reduced in biofilm of S.
mutans treated by ethanolic extract, probably by reducing the gtfC and gtfB gene
expressions. The expression of gtfD, which synthesizes water-soluble glucans rich in a-
1,6-glucosidic linkages was not altered, and in our study, the production of soluble
glucans was also not altered. The FOF1-H/F-ATPase  subunit of the F1 protein, which
is encoded by the atpD gene of S. mutans, has a lower optimal pH than that of many other
oral microbes and is significantly upregulated during growth under acidic conditions that
gives S. mutans a significant competitive advantage over other species under acidic
conditions, contributing to the relative aciduricity of the organism. The EG treatments did
not produce any significant expression change in atpD gene in comparison with the
control. Although, in our proton permeability test, the extract was able to reduce the
aciduric capacity of S. mutans, probably because the synergism of various active
compounds thymol presents on the ethanolic extract that changed the permeability of the

S. mutans membrane.
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Thus, the ethanolic extract proved to be promising in inhibiting the formation of
the S. mutans cariogenic dental biofilm, due to its antimicrobial activity and inhibition of
insoluble glucan production, decreasing acidogenicity and aciduricity of bacteria. The
effective concentrations tested of 25 and 50 mg/mL are much higher than those tested
with the isolated compounds described in previously studies of others authors. This may
have occurred because the crude extract is composed of a variety of active compounds,
and the minor components may contribute to an antagonistic or synergistic effect on the
activity of the ethanolic extract, and generally, the active compounds are in lower
concentrations in the crude extract than when the compound is tested alone. In addition,
our biofilm was grown for 5 days, having a higher biomass and complexity than biofilms
with 24h growth, hindering the penetration and action in the biofilm. The extracts,
fractions and subfractions of the leaves of S. brasiliensis tested with sub-MIC
concentrations did not inhibit the adherence of S. mutans, possibly due to the lowest
concentration of extracts tested. Thymol and ethyl gallate probably are the compound that
affect the gtfB expression that affect the production of insoluble glucans in the biofilm
formation. Methyl gallate and gallic acid can be affect the proton permeability of the S.

mutans membrane, reducing the aciduricity of bacteria.

5. Conclusion

The ethanolic extract, fractions and subfractions (A1-A4, H1-H4, D1-D4, D4.8,
D4.12 and D4.13) of the leaves of Schinopsis brasiliensis presented great antimicrobial
activity against S. mutans UA159 in planktonic cells. Furthermore, the ethanolic extract
was able to inhibited the 5 days biofilm formation, by reducing the dry weight of biomass,
insoluble and alkaline soluble glucans production. Furthermore, Ethanolic extract also
reduced the acidogenicity and aciduricity of S. mutans UA159 in biofilms. The active
compounds isolated in the subfractions of dichloromethane as thymol, gallic acid, ethyl
gallate, and methyl gallate must be the main responsible for the activities of the ethanolic
extract on the biofilm of S. mutans. Thus, ethanolic extract and its compounds are
promising in the development of new pharmaceuticals and formulations of natural
products with anti-biofilm activities for oral health. More studies will be conducted in the
future to elucidate the antimicrobial compounds in the other fractions of the ethanolic

extract, and to elucidate the mechanisms of action of these compounds against S. mutans.
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Figure 1. Flowchart of bioguided fractionation of the extracts of S. brasiliensis leaves.
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The hexane (H), dichloromethane (D), ethyl acetate (A), butanol and subfractions (H, D
and A). (*) MIC; (**) MBC; R: yield; (#) Not showed antimicrobial activity at the highest
concentrations tested.
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Table 1. Thin Layer Chromatography with phytochemical profiles to assess the presence
of flavonoids, alkaloids and steroids of Ethanolic extract, fractions, subfractions of the

leaves of Schinopsis brasiliensis.

Schinopsis brasiliensis Engler

Phytochemical profiles

Extract/ fraction / subfractions Flavonoids Steroids
Ethanolic extract + +
Dichloromethane + +
Subfraction D1 - -
Subfraction D2 + -
Subfraction D3 + +
Subfraction D4 + +
Subfraction D4.8 + -
Subfraction D4.12 + +
Subfraction D4.13 +

(+) Presence, (-) Absence
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Table 2. Chemical constituents identified in subfractions D1, D2, D3, D4, D4.8, D4.12,
D4,13 from the leaves of Schinopsis brasiliensis Engler.

tr Substance % relative area

D1 D2 D3 D4 D4.8 D4.12 D4.13
5024  3,6-Dioxa-2,7-disilaoctane - - 0.60 0.25 - - -
6940  Lactic acid 3.54 - 0.86 0.61 - 0.36 3.01
7426 Acetic acid - - - - - - 0.65
9500  Oxalic acid - - - - - - 0.21
9826  3-hydroxypropionic acid - - - - - - 0.47
14726  Glycerol 87.89 17.37 1898 14.90 - 35.07 4.10
15644  Thymol 0.11 - - - - - -
15809  Succinic acid - - - - - - 0.28
16631  Glyceric acid - - 0.24 - - - 2.50
18130  Butane-1,3-diol - - 0.83 0.3 - - -
21689  Sugar - - - 0.82 - - -
21764  Sugar - - 0.34 0.49 - - -
22101  Salicylic acid 0.40 0.48 - - - - -
22529  Sugar - - - - - 0.48 -
22541  Pyroglutamic acid - - - - - - 0.45
23608  Sugar - - - - - - 1.09
24170  Sugar - - 052 092 - - 4.86
24870  Sugar - - 0.15 - - - -
25965  Sugar - - - - - - 0.44
26083  Dodecanoic acid 1.10 - - - - - -
28680  Sugar - - - - - 0.38 -
29776  2,3-dihydroxypropyl phosphoric acid - - - - - - 0.48
29862  Sugar - - - - - - 1.82
33084  Sugar - - - - - - 0.41
30114  Sugar - - - - - - 0.50
30321  Sugar - - - - - 1.57 2.38
30825  Protocatechuic acid - 1.12 - - - - -
30924  3,4,5 trihydroxycyclohexene-1carboxylic acid - - 2.16  3.68 - - 16.97
31169  Sugar - - - 0.82 - 2.90 -
31286  Tetradecanoic acid 0.29 - - - - 0.66 -
32075 Homomenthyl salicylate 0.11 - - - - - -
32888  Methyl gallate - - - - 45.68 - -
33069  Sugar - - - - - 4.05 -
33925  Hexadecanol 0,06 - - - - - -
34001  Ethyl hexadecanoate 0,33 - - - - -



34039
34262
34428
34824
35407
36041
39600
39889
40058
42811

Ethyl gallate
Sugar

Gallic acid
Hexadecanoic acid
Sugar
Octadecanol
Linolenic acid
Hexanedioic acid
Sugar

Sugar

0.51

1.71
0.10
0.25

49.7

2.79

1.42
13.68

1.93
12.32
0.60

0.63

54.32

67

3.68
12.24

2.01

0.86
151

3.70

0.67

1.86

tr = Rentention time
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Table 3. Values of Minimal Inhibitory Concentration (MIC), Minimum Bactericidal
Concentration (MBC) and Minimum Inhibitory Concentration of Cell Adhesion (MICA)
of the Ethanolic extract, fractions and subfractions of the leaves of Schinopsis brasiliensis
Engler against Streptococcus mutans UA159.

Schinopsis brasiliensis Engl. Antimicrobial activity against
Streptococcus mutans UA159
MIC MBC MICA
(Hg/mL) (Hg/mL) (Hg/mL)
Ethanolic extract 31,25 250 #
Hexane 62,5 250 #
Dichloromethane 31,25 62,5 #
Ethyl Acetate 62,5 1000 #
Butanol # # #
Subfraction H1 62,5 # #
Subfraction H2 125 500 #
Subfraction H3 31,25 # #
Subfraction H4 62,5 # #
Subfraction D1 500 # #
Subfraction D2 62,5 250 #
Subfraction D3 125 500 #
Subfraction D4 31,25 125 #
Subfraction D4.8 125 500 #
Subfraction D4.11 # # #
Subfraction D4.12 1000 # #
Subfraction D4.13 250 # #
Subfraction Al 62,5 250 #
Subfraction A2 62,5 1000 #
Subfraction A3 125 # #
Subfraction A4 500 # #

MIC, MBC and MICA values are expressed in pug/mL. The concentrations ranged from
31.25 to 1000 pg/mL for Ethanolic extract, fractions and subfractions of Schinopsis
brasiliensis Engler. # Not showed antimicrobial and antiadherence activity at the highest
concentrations tested.
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Table 4. Effects of ethanolic extract of the leaves of Schinopsis brasiliensis Engler on
viabillity of Streptococcus mutans UA159 in biofilms.

Treatments CFU/biofilm
Saline 7.39 x 106+ 4.43 x 10%2
Chlorhexidine 0.12% 6.9 x 10+ 1.40 x 10
Schinopsis brasiliensis 1.54 x 105+ 4.5 x 10%

*Values in the same column followed by equal letters are statistically the same (p > 0.05).
Statistical analysis was performed between saline, chlorhexidine 0.12% and ethanolic extract of
Schinopsis brasiliensis (50 mg/mL), by One Way ANOVA, followed by Dunn’s Multiple
Comparing test (n = 22).
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Table 5. Effects of the ethanolic extract of the leaves of Schinopsis brasiliensis on the

composition of Streptococcus mutans UA159 in biofilms.

Treatments Dry weight Soluble glucans Soluble glucans Insoluble
Biofilm in alkali mg/biofilm glucans
(mg) mg/biofilm mg/biofilm
Saline 36.15+8.60*°  37.58+8.17% 0.69+0.042 28.87 £6.972
Chlorhexidine 0.12% 8.15+4.98" 5.75+1.89° 0.42+0.03° 15.32+ 8.36°
Schinopsis brasiliensis ~ 28.64 £10.17¢  33.01+5.49° 0.68+0.04% 24.67 £4.90°

*Values in the same column followed by equal letters are statistically the same (p > 0.05).
Statistical analysis was performed between saline, chlorhexidine 0.12% and ethanolic

extract of Schinopsis brasiliensis (50 mg/mL), by One Way ANOVA, followed by

Dunn’s Multiple Comparing test.
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Figure 2. Influence of ethanolic extract the Schinopsis brasiliensis Engler leaves on
glycolytic pH-drop in Streptococcus mutans UA159 in biofilms.

40 T T T T T T T 1
0 15 30 45 60 75 90 105 120
Time (min)
-o- Saline & Chlorhexidine 0.12% -2~ Schinopsis brasiliensis leaves

* Statistical difference was found among the treatments with Chlorhexidine 0.12% and
ethanolic extract Schinopsis brasiliensis leaves compared to saline treatment (p < 0.05). Statistical
analysis was performed by TWO-WAY ANOVA, comparing all pairs with the Bonferroni's test
(n=22).
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Figure 3. Influence of ethanolic extract from leaves of Schinopsis brasiliensis Engler on

proton permeability’s of Streptococcus mutans UA159 in biofilms.
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* Statistical difference was found among the treatments with Chlorhexidine 0.12% and
ethanolic extract Schinopsis brasiliensis Engler leaves compared to saline treatment (p < 0.05).
Statistical analysis was performed by TWO-WAY ANOVA, comparing all pairs with the
Bonferroni's test (n = 22).
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ANEXO A

Resultado das analises fitoquimicas preliminares do extrato etandlico, fracdo de
diclorometano e subfracdes das folhas de S. brasiliensis. Os flavonoides (A) foram
identificados pela presenca de spots verdes florescentes sob luz UV 365 nm. Os esteroides
(B) foram observados spots roxos, no extrato etanolico, fracao diclorometano, subfracdes
D3, D4 e D4.12. Nao foi observado a presenga de spots castanho-avermelhado para
identificar os alcaloides (C). Nota: (B) extrato etandlico; (DIC) fracdo diclorometano;
(D1, D2, D3 e D4, D4.8, D4.12 e D4.13) subfracdes originadas da fracdo de

diclorometano por cromatografia em coluna seca e liquida.
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ANEXO B

Cromatogramas obtidos por Cromatografia Gasosa acoplada a Espectrometria de
Massa das subfragcdes D1, D2, D3, D4, D4.8, D4.12 e D4.13 de diclorometano da folha

de S. brasiliensis.

Figura 1 — Subfracdo D1
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Figura 3 — Subfracdo D3
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(All TIC)]
=
14,313,554 g
- 2
=
3
g
=1
]
TIC*1.00)
ke la.{LL e l_,L_AlulLu-luL,**I , . .
10.0 20.0 300 40.0 50.0 60.0 0.0 80.0 80.0
Figura 5 — Subfracdo D4.8
(All TIO)]
3,838,843
JTIC*1.00
1 J_' A U 1 1 U A 1 1 T
10.0 20.0 30.0 40.0 0.0 60.0 0.0 80.0 82.0
min




81

Figura 6 - Subfracdo D4.12
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Figura 7 — Subfragdo D4.13
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