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RESUMO

ANDRADE, Jacqueline Cosmo Pinheiro. Dr?. Universidade Federal Rural de Pernambuco.
Setembro/2019. AVALIAC}AO DE BIOATIVIDADES E DA A(;AO DOS EXTRATOS
AQUOSOS DE FOLHAS E CASCAS DO CAULE DE Ziziphus joazeiro Mart. (Rhamnaceae)
EM BIOFILMES MICROBIANOS. Henrique Douglas Melo Coutinho.

A utilizacdo de produtos naturais com foco terapéutico surge como alternativa contra a presenca
de resisténcia a antimicrobianos e a busca por novas opcOes para o tratamento das diversas
infecces microbianas. As pesquisas etnobioldgicas se tornaram uma investigacdo essencial na
identificacdo por principios ativos, pois sdao fundamentadas no conhecimento popular e no uso
medicinal de plantas nas praticas tradicionais. Ziziphus joazeiro é uma das plantas endémicas da
Caatinga mais exploradas pelo homem, sendo notorio o valor terapéutico que possui em varias
praticas medicinais, uma das principais indica¢Ges consiste na sua utilizacdo na higiene bucal e
tratamento de gengivites. Partes da planta, principalmente, cascas e contra casca do caule sdo
trituradas e usadas na escovacdo dentéria. Entretanto, a pratica incorreta da retirada de partes do
caule, pode impossibilitar o fluxo de nutrientes, resultando na desidratacdo do tecido, além do
ataque de pragas e microrganismos ocasionando a morte da planta. Neste sentido, se faz necessario
a validacdo de outras partes de Z. joazeiro, na busca de minimizar a utilizacdo do caule. Esse
trabalho objetivou avaliar in vitro a atividade antimicrobiana e a a¢éo na erradicagéo de biofilmes
bacterianos e fungicos pelos extratos aquosos das folhas e das cascas do caule de Ziziphus joazeiro
Mart, comparando os efeitos de ambos extratos, como também com a acdo de drogas padroes
convencionais. Para tanto, foram realizados ensaios microbioldgicos, como atividade
antibacteriana e antifingica, pelo método microdiluigdo em caldo, determinando a concentragéo
inibitéria minima e a atividade modulatoria frente a antibidticos e antifungicos, a atividade
antiparasitaria contra Trypanonoma cruzi (epimastigota) e Leishmania brasiliensis (promastigota),
além da citotoxidade, frente a células de mamiferos. O tratamento de biofilmes microbianos foi
determinado pela absorbancia de OD600nm e pelo ensaio de cristal violeta. Todos os resultados
foram comparados entre si e com os efeitos de drogas padres. A composi¢do quimica dos extratos
foi realizada por cromatografia liquida de ultra eficiéncia. Os extratos ndo demonstraram atividade
antibacteriana direta, com CIM > 2048 pg/mL. Entretanto, apresentaram atividade moduladora
significativa quando combinados com antibidticos. Em uma avaliagdo comparativa entre 0s
extratos, 0 EACCZJ apresentou valores mais significativos, em relacdo a atividade antifingica
(CFM > 8192 ng/mL) e contra formas promastigotas. Ja o EAFZJ, se destacou quando utilizado
em combinagdo com o fluconazol e uma acdo antiparasitaria sem relevancia clinica. Frente a
biofilmes microbianos, 0 EACCZJ apresentou um tratamento mais eficaz do que o EAFZ]J,
apresentando alguns resultados semelhantes as drogas padrdes utilizadas. A analise quimica
identificou no EAFZJ a presenca de flavonoides, saponinas, acido fenolico e composto
nitrogenado, e no EACCZ]J revelou derivados de saponinas. Do ponto de vista do conhecimento
etnofarmacoldgico, o uso das cascas do caule de Joazeiro para escovacdo dentaria possui
fundamentacéo cientifica, sendo comprovados os efeitos antimicrobianos e de tratamento de
biofilmes bacterianos e fngicos. Os mesmos efeitos ndo foram totalmente observados nos extratos
das folhas, reforgando a escolha do caule pela populacéo. Por fim, apesar de tais efeitos, mesmo
apresentando resultados significativos frente aos ensaios realizados, o extrato da casca ndo
apresentou acao superior as drogas padrdes de referéncia.

Palavras- chaves: Etnofarmacologia; joazeiro; Atividade antimicrobiana; Casca do caule; Folha.



ABSTRACT

ANDRADE, Jacqueline Cosmo Pinheiro. Dr2. University Federal Rural of Pernambuco.
September/2019. EVALUATION OF BIOACTIVES AND THE ACTION OF AQUEOUS
EXTRACTS OF LEAVES AND STEM BARK OF Ziziphus joazeiro Mart. (Rhamnaceae) IN
MICROBIAL BIOFILMS. Henrigue Douglas Melo Coutinho.

The use of natural products with a therapeutic focus appears as an alternative against the presence
of antimicrobial resistance and the search for new options for the treatment of various microbial
infections. Ethnobiological research has become an essential scientific field in identification by
active principles, since it is based on popular knowledge and the medicinal use of plants in
traditional practices. Ziziphus joazeiro is one of the most exploited endemic plants of the Caatinga,
being notorious its therapeutic value in several medicinal practices. One of the main popular uses
is in oral hygiene and treatment of gingivitis. Plant parts, mainly peels and against bark of the stem
are crushed and used in tooth brushing. However, the incorrect managemant of removing parts of
the stem can impede the flow of nutrients, resulting in dehydration of the tissue, besides the attack
of pests and microorganisms causing the plant death. In this sense, it is necessary to investigate
other parts of Z. joazeiro, for minimize the use of the stem. This work aimed to evaluate in vitro
the antimicrobial activity, the action against bacterial and fungal biofilms by the aqueous extracts
of leaves and stem bark of Ziziphus joazeiro Mart, comparing the effects of both extracts, as well
as with the action of conventional standard drugs. For this, microbial assays for antibacterial and
antifungal activity were carried out by the microdilution method in broth. The minimum inhibitory
concentration and the modulatory activity against antibiotics and antifungals, the antiparasitic
activity against Trypanonoma cruzi (epimastigote) and Leishmania brasiliensis (promastigote), in
addition to cytotoxicity, against mammalian cells were determined. The treatment of microbial
biofilms was determined by the OD 600 nm absorbance and the crystal violet assay. All the results
were compared to each other and to the effects of standard drugs. The chemical composition of
the extracts was performed by ultra-high performance liquid chromatography. The extracts did not
demonstrate direct antibacterial activity, with MIC > 2048 ug / mL. However, they showed
significant modulatory activity when combined with antibiotics. In a comparative evaluation
between the extracts, the EACCZJ presented more significant values, regarding antifungal activity
(CFM > 8192 png / mL) and against promastigote forms. On the other hand, the EAFZJ had a
highlighted effect when used in combination with fluconazole and an antiparasitic action with no
clinical relevance. For microbial biofilms, the EACCZJ presented a more effective treatment than
the EAFZJ, presenting some results similar to the standard drugs used. The chemical analysis
identified in the EAFZJ the presence of flavonoids, saponins, phenolic acid and nitrogen
compound, and in the EACCZJ revealed derivatives of saponins. From the point of view of
ethnopharmacological knowledge, the use of the Joazeiro stem bark for dental brushing show
scientific basis, proving the antimicrobial effects and treatment of bacterial and fungal biofilms.
The same effects were not completely observed in the leaf extracts, reinforcing the stem choice by
the population. Finally, in spite of these effects, the presented significant results in relation to the
tests performed, the bark extract did not present superior action to the standard reference drugs.

Keywords: Ethnopharmacology; Joazeiro; Antimicrobian activity; Stem bark; Leaf.
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INTRODUCAO GERAL

A busca por novas substancias com atividade antimicrobiana estd cada vez mais
intensificada dentre as atividades farmacoldgicas, devido principalmente ao agravamento da
resisténcia microbiana, que ocorre em varios grupos de microrganismo como bactérias, fungos e
protozoarios (GOMES et al., 2012; GOLL, FARIA, 2014; THAKARE et al.,, 2019). A
Organizacdo Mundial da Saude reconhece a resisténcia microbiana como uma grave ameaga aos
avangos na assisténcia médica mundial (WHO, 2019).

O uso inadequado e disseminado de medicamentos convencionais € um dos principais
fatores que proporcionam desenvolvimento de novos mecanismos de defesa nos microrganismos.
A exposicdo repetida de uma infeccdo microbiana a um determinado antibidtico, diminui
consequentemente a suscetibilidade antimicrobiana (MOYAERT et al., 2019).

Bactérias podem desenvolver, adquirir e transmitir mecanismos de resisténcia contra varias
classes de antibidticos pela recombinacdo génica, tornando-se cada vez mais virulenta e
apresentando impactos significativos na saude publica em relacdo a morbilidade e as taxas
elevadas de mortalidade (LIMA et al., 2019).

Fungos apresentam alta incidéncia de infec¢Oes invasivas principalmente em individuos
imunocomprometidos, os agentes antifungicos clinicamente disponiveis sdo bastante limitados,
devido a toxicidade por hepatotoxicidade e nefrotoxicidade (WU et al., 2017). A resisténcia
fangica a drogas antiflngicas varia conforme a classe de antiflingico e as espécies fungicas (XIE
etal., 2014).

As infeccBes parasitarias, conhecidas como doencas tropicais negligenciadas, sofrem
principalmente em relagdo ao tratamento, devido a escassez de farmacos e investimento em novas
drogas. Dentre elas a leishmaniose e a doenga de chagas possuem em comum um numero pequeno
de farmacos que apresentam alto indice de resisténcia ao parasita, o que leva a necessidade de altas
doses e consideravel toxicidade (OLIVEIRA et al., 2019; DAFLON-TEIXEIRA et al., 2019).

Uma das principais formas de resisténcia microbiana consiste na formacédo de biofilmes,
que séo desenvolvidos devido a interagdo entre 0s microrganismos e o substrato no qual se aderem.

S&o definidos complexos de ecossistemas microbianos, que podem ser encontrados em uma
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variedade de superficies bioticas e/ou abidticas (TRENTIN; GIORDANI; MACEDO, 2013; YAU
etal., 2018).

Biofilmes sdo formados quando micro-organismos plancténicos se ligam a uma superficie
e iniciam o desenvolvimento de microcol6nias sésseis envolvidas por uma matriz extracelular,
formada por substancias poliméricas extracelulares (EPS), que atua como uma barreira
neutralizando substancias nocivas (TRENTIN et al., 2011; YE et al., 2015, BAIG et al., 2018). A
estrutura dos Biofilmes contribui com uma maior resisténcia aos métodos antimicrobianos, pois
proporciona uma diversidade de mecanismos de resisténcia suplementar, como resposta ao estresse
oxidativo, estimula a expressdo de bomba de efluxo, expressao e transferéncia diferencial de genes
ou proteinas, presenca de células persistentes, alteracao fisiolégica em resposta a escassez, além
de realizar quorum sensing (JIANG, Li, 2013, YAU et al., 2018).

Neste contexto, a utilizacdo de produtos naturais com foco terapéutico surge como
alternativa contra a presenca de resisténcia a antimicrobianos e a busca por novos fa&rmacos para o
tratamento das diversas infeccdes microbianas. As pesquisas etnobioldgicas se tornaram uma
investigacdo essencial na identificacdo por principios ativos, pois sdo fundamentadas no
conhecimento popular e no uso medicinal de plantas nas préticas tradicionais (ALBUQUERQUE;
HAZANAKI, 2006).

A presenca de uma rica diversidade em espécies vegetais caracteriza a Caatinga nordestina,
considerada um dos principais biomas brasileiros. Aproximadamente a metade do territorio
cearense encontra-se ocupado por vegetacdo provindas da caatinga, muitas séo endémicas e com
escassa investigacdo das atividades biologicas (MAGALHAES et al., 2019). A Chapada do
Araripe, na regido do Cariri Cearense, esta localizada dentro do dominio da Caatinga, apresentando
uma rica biodiversidade, conhecida e utilizada no @mbito popular, como recurso terapéutico na
medicina tradicional (RIBEIRO-SILVA et al., 2012; FERREIRA-SILVA et al., 2016).

Ziziphus joazeiro é uma espécie endémica tipica dos sertBes nordestinos, com maior
ocorréncia na caatinga e no Agreste (PRADO, GIBBS, 2003; SOUZA et al., 2015), pertencente a
familia Rhamnaceae, e ao género Ziziphus (DANTAS et al., 2014).

Popularmente é conhecida como joazeiro, jua-bab&o, jua-de-boi, joa-mirim, juazeiro, jua e
jud-bravo. Apresenta um amplo potencial econémico e relevancia para regido do semiarido,

podendo ser utilizada como planta ornamental, como fonte de energia, na fabricacdo de
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cosméticos, na alimentacdo humana e de animais, principalmente nos periodos de seca, e na
medicina popular (SILVA et al., 2011).

Dentre as atividades bioldgicas da espécie Z. joazeiro podemos destacar as atividades
antibacteriana (ALVINO et al., 2008), antifungica (CRUZ et al., 2007), antioxidante (ALMEIDA
etal., 2011, antipirética (NUNES et al., 1987), anti-inflamat6ria (BOTAN, 2018), gastroprotetora
(WASHIDA, 2007; ROMAO et al., 2010) e antiparasitaria (GOMES et al., 2016).

Uma das principais indicacOes de Z. joazeiro consiste na sua utilizacdo na higiene bucal e
tratamento de gengivites. Partes da planta, principalmente, casca e entrecasca do caule sdo
trituradas e usadas na escovacao dentaria (CAVALCANTI et al., 2011; DANTAS et al., 2014).
Entretanto, a préatica incorreta da retirada do caule, pode ocasionar o anelamento, processo de
retirada total da casca em toda circunferéncia da planta, o que impossibilita o fluxo de nutrientes
e agua, resultando na desidratacao do tecido, além do ataque de pragas e microrganismos causando
a morte da planta (SANTOS, 2009).

Neste sentido, se faz necessario a validacdo do uso de outra parte de Z. joazeiro, na busca
de minimizar a utilizacao do caule. Este trabalho busca verificar a acdo das folhas de Z. joazeiro,
como antimicrobiano, e contra a resisténcia microbiana, em biofilmes, e comparar com os efeitos
das cascas e produtos quimicos ja utilizados. Além de oferecer alternativas para diminuicdo do
extrativismo da espécie, através da comprovacgéo e descobertas de atividades biologicas.

Considerando as atividades biologicas e o uso terapéutico de Z. joazeiro no combate a
microrganismos, um estudo etnofarmacoldgico € estabelecido e diante disso, algumas hipoteses
séo sugeridas: (1) Os extratos aquosos das folhas e das cascas do caule de Z. joazeiro apresentam
resultados significativos contra a atividade microbiana, tdo quanto antimicrobianos comumente
utilizados. (2) O extrato das folhas atua contra a resisténcia microbiana, na erradicacdo de
biofilmes bacterianos e fungicos, tdo efetivo quanto os extratos das cascas do caule, que ja é
comumente utilizado pela populagdo como antisséptico bucal.

Para testar as hipdteses levantadas foram realizadas analises quimicas dos extratos aquosos
de Z. joazeiro e testes microbiolégicos, como atividades antimicrobianas e erradicacdo de
biofilmes bacterianos e fungicos, o que resultou em quatro producdes cientificas, as quais estdo

listadas no quadro 1.
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Tabela 1. Produgdes cientificas originadas da tese de doutorado intitulada: Avaliacdo de Bioatividades e da Ac¢do dos
Extratos Aquosos das Folhas e Cascas do Caule de Ziziphus joazeiro mart. (Rhamnaceae) em Biofilmes Microbianos,
autoria de Jacqueline Cosmo Andrade Pinheiro, do Programa de Pds-graduacdo em Etnobiologia e Conservacdo da
Natureza.

. o Qualis em Fator de
Titulo Periodico Biodiversidade  Impacto
Artigo 1: UPLC-MS-ESI-QTOF
characterization and evaluation of the South African Journal of
antibacterial and modulatory antibiotic activity Botan B2 1.340
of Ziziphus joazeiro Mart. aqueous extracts y
(capitulo 2)

Artigo 2: Chemical composition, antiparasitary Asian Pacific Journal of

and E)ytOtOXIC activity of Ziziphus joazeiro Mart. Tropical Biomedicine B2 1.634
(capitulo 3)

Manuscrito 1: Phytochemical characterization

of metabolites from Ziziphus joazeiro Mart. By

UPLC-QTOF and evaluation of the antifungal Plos One Al 3.54
activity. (capitulo 4)

Artigo 3: Control of bacterial and fungal = Comparative Immunology,

biofilms by natural products of Ziziphus Microbiology and Infectious B2 1.920

joazeiro Mart. (Rhamnaceae) (capitulo 5) Diseases

Os resultados da pesquisa estdo apresentados em quatro capitulos, cada capitulo é
composto por um artigo e/ou manuscrito, disponibilizados ap6s a revisdo de literatura (capitulo 1).
O primeiro artigo, encontra-se no segundo capitulo, apresenta a analise dos extratos por
cromatografia liquida de ultra eficiéncia acoplada a sistema de quadrupolo/tempo de voo (UPLC-
MS-ESI-QTOF), seguido pelos ensaios antibacterianos e atividade Modulatéria.

O terceiro capitulo trata dos ensaios antiparasitarios dos extratos, avaliando a atividade
tripanocida e leishmanicida através de ensaios in vitro com as formas epimastigota de
Trypanosoma cruzi e promastigota de Leishmania brasiliensis, além de verificar a citotoxidade
dos extratos frente a cultura de células de mamiferos.

Os ensaios antifungicos frente a cepas do género Candida estdo dispostos no quarto
capitulo, foram avaliados os efeitos fungistatico ou fungicida exercidos sobre Candida albicans e
Candida tropicalis, abordando também o efeito potencializador do antifungico fluconazol pelos
extratos, além de acrescentar informacdes referentes a prospec¢do quimica dos extratos.

O quinto capitulo apresenta o potencial da acdo dos extratos contra a resisténcia

microbiana, através da erradicacdo de biofilmes bacterianos e fingicos, com micro-organismos
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presentes na flora microbiana da cavidade bucal, comparando os resultados com drogas padrdes,
gluconato de clorexidina e fluconazol.

As etapas do desenvolvimento desse trabalho foram pensadas com o propoésito de
investigar o efeito dos extratos das folhas e confirmar o conhecimento etnofarmacolégico da

populacdo em relacéo a utilizagéo das cascas do caule de Ziziphus joazeiro Mart.
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CAPITULO 1: FUNDAMENTACAO TEORICA

1.1 FAMILIA Rhamnaceae E O GENERO Ziziphus

Com aproximadamente 58 géneros e 900 espécies, a familia Rhamnaceae encontra-se
distribuidas em regibes temperadas, tropicais e subtropicais, sendo composta por arvores, arbustos,
trepadeiras lenhosas e ervas (MOREIRA, 2012; LIMA, GIULIETTI, 2014; KALEEM et al.,
2014).

Apresenta vasto potencial econdmico, sendo ainda pouco explorada. Suas espécies sao
utilizadas como plantas ornamentais, na fabricacdo de cosméticos, alimentacao de animais, como
madeira, na marcenaria e para producao de carvdo. Na medicina popular sdo empregadas na cura
e tratamento de diversas doencas, como disenteria, hipertensdo arterial, antipirético e varios tipos
de infeccdo (ZACHIA et al., 1999; MENDES, 2010)

A ocorréncia da familia Rhamnaceae no territério brasileiro, € representada por
aproximadamente cerca 13 géneros na flora nativa, os quais sdo Alvimiantha, Ampelozizyphus,
Colletia, Colubrina, Condalia, Crumenaria, Discaria, Gouania, Reissekia, Rhamnidium,
Rhamnus, Scutia, Ziziphus (LIMA, 2010).

O género Ziziphus Mill. compreende cerca de 100 espécies disseminadas principalmente
na América tropical, Africa, Australia, Mediterraneo, além de paises como Paquisto e india (UR-
RAHMAN et al., 2007). E representado por 30 espécies, distribuidas nas regides Norte (Acre,
Amazonas, Para, Ronddnia, Roraima), Nordeste (Alagoas, Bahia, Ceara, Maranhdo, Paraiba,
Pernambuco, Piaui, Rio Grande do Norte, Sergipe), Centro-oeste (Mato Grosso do Sul, Mato
Grosso) e Sudeste (Espirito Santo, Minas Gerais, Rio de Janeiro) do Brasil (REFLORA, 2019).

A maioria das espécies do género Ziziphus sdo investigadas devido a sua utilizacdo
medicinal, etnofarmacologicamente este género tem um importante papel na terapéutica de varias
doencas, sendo utilizado como analgésico, antipirético, anti-inflamatério, sedativo, antioxidante,
antibacteriano, protetor do trato gastrointestinal, antiespasmoédico, antidiabético e antiflngico
(KALEEM et al., 2014; SANTOS et al., 2019).

Na composicao fitoquimica do género Ziziphus é destacada a presenca de alcal6ides,
triterpeno glicosideos, flavonoides, taninos, bem como saponinas (WANG et al., 2013; KANG et
al., 2016).
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1.2 ESPECIE Ziziphus joazeiro Mart.

Espécie endémica do bioma caatinga, também conhecida como joazeiro, jud-babéo e jua-
de-boi, joa-mirim, joazeiro, juazeiro, jud, jud-bravo, enjod, enjud, jod, jud-espinho, jud-de-espinho,
jua fruta, laranjeira-de-vaqueiro (OLIVEIRA et al., 2009). O juazeiro é uma planta tipica do
semiarido, amplamente distribuida no nordeste do Brasil, como na Bahia, Ceara, Maranhao,
Paraiba, Pernambuco, Piaui, Rio Grande do Norte e Sergipe (REFLORA, 2019).

Arvore perenifélia (Figura 1), devido ao vasto e profundo sistema radicular, exibe raizes
pivotantes, que permitem a captacdo de agua dos lencdes freaticos, o que favorece sua cor verde
durante todo o periodo de estiagem. Possuem tronco reto ou tortuoso, com presenca de galhos e
ramos com espinhos, copa globosa e densa, atingem dimensdes proximas de 16m de altura, na
idade adulta (SILVA et al., 2011; DANTAS et al., 2014).

Figura 1: Ziziphus joazeiro Mart. — Localizado Sitio Ipueiras, Brejo Santo — Ceara.

Suas folhas possuem morfologia ovalada, sdo alternadas e eliptica, medem de 3 cm a 10
cm de comprimento, serreadas na base, com nervuras inferiores. Possuem folhagem intensa,
sempre conservada verde, mesmo nos periodos mais secos ndo perdem totalmente suas folhas. Os

ramos sdo levemente flexuosos, com espinhos rigidos, retos normalmente dispostos aos pares
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(SOUSA et al., 2015). As pequenas flores possuem coloracdo amarelo-esverdeada, se dispem em
inflorescéncias, a floracdo ocorre nos meses de novembro a dezembro. O Fruto do tipo drupa
globosa de coloragdo amarelada e carnosos, com tamanho aproximadamente de 1,5 a 2,0 cm de
diametro e 2 g de peso. E comestivel, rico em vitamina C, e utilizado na dieta animal e humana
(ROCHA et al., 2015;CARVALHO, 2007).

Figura 2: Folhas, Frutos e ramos com espinho de Ziziphus joazeiro Mart.

A reproducdo ocorre de forma lenta, através das sementes, apds decomposicao da polpa do
fruto, a germinacdo pode levar até 12 meses para acontecer. Os solos mais adequados séo os férteis
e densos, no entanto, mesmos em solos impréprios pode ocorrer desenvolvimento, contudo
observa-se uma diminuic¢do no tamanho da planta e na quantidade de suas folhas e ramos (COSTA,
2011).

Z. joazeiro € uma espécie de grande valor econdmico, ecoldgico e social, considerada uma
das espécies-chave para o desenvolvimento regional. Desempenhando um papel funcional no
equilibrio dos ecossistemas, além de ser utilizada na medicina popular, na arborizacdo de ruas e
jardins, produz frutos comestiveis, suas folhas sdo usadas na alimentacdo de caprinos e ovinos, as
flores s&o utilizadas na meliponicultura, pois séo recurso alimentar para abelhas, na producgéo de
lenha e carvdo. Na maioria das vezes sdo explorados de maneira extrativista. (NADIA, 2005;
MENDES, 2010).

A cerca de trés anos, a espécie foi gravemente ameacada por uma praga de fitéfagos,
ocasionando um desequilibrio na fisiologia da planta e acarretando comprometimento na

sobrevivéncia da espécie, fato preocupante pois além da reducdo da biodiversidade, ocorreria uma
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dréastica reducdo nas escalas de producdo econdmica dependentes desse recurso bioldgico (INSA,
2016).

1.3 ETNOBIOLOGIA E ETNOFARMACOLOGIA DE Ziziphus joazeiro Mart.

A crescente utilizacdo de pesquisas com plantas, se deve a procura e o0 interesse dos
principios ativos responsaveis pelas suas atividades bioldgicas. O amplo emprego das plantas na
medicina popular, corresponde ao seu potencial farmacoldgico. De acordo com a tradi¢do popular,
podemos ter ciéncia de qual planta é mais indicada, as partes utilizadas e as formas de preparo.

Como estratégia de acesso ao conhecimento popular, entra em cena 0s estudos
etnobotanicos, que se caracterizam como ferramenta indispensaveis, para a aproximacdo da
pesquisa cientifica aos saberes tradicionais. Etnobotanica pode ser definida como uma area
contextualizada da utilizac&o das plantas pelas populacGes tradicionais, além de realizar um estudo
da interacdo existente entre 0 homem e as plantas, como também os costumes de utilizacdo desses
recursos (LINS NETO et al., 2010; SOUZA et al., 2015). Segundo Rocha e colaboradores (2015),
em uma abordagem mais recente, a etnobotanica procura se comprometer com o mundo
contemporaneo, assumindo uma postura mais estratégica com foco integrativo.

A Caatinga € uma das principais areas alvo dos levantamentos etnobotanicos, devido ser
um bioma exclusivamente brasileiro e por se encontrar em um exacerbado processo de degradacéo,
diante disso, se tem a necessidade de documentar a riqueza de espécies bioativas dessa regido.
Dentre os estudos etnodirigidos realizados em regifes da caatinga € comumente citado a espécie
Ziziphus joazeiro (PEREIRA JUNIOR et al., 2014).

Ziziphus joazeiro € bastante utilizado nas praticas caseiras da medicina, odontologia e
cosmética. Dentre suas caracteristicas e utilizagdo baseadas no conhecimento tradicional, visando
a efetivar-se pesquisas, que comprovem as atividades bioldgicas, e 0 melhor aproveitamento dessa
espécie sdo realizados diferentes ensaios como fitotécnicos, quimicos, farmacoldgicos e clinicos
mais aprofundados (LORENZI, MATOS, 2002; SANTOS et al., 2019).

Em conformidades com levantamentos etnobotanicos concretizados, toda a planta possui
diversos usos medicinais, sendo utilizada como antisséptico bucal, distdrbios nos sistemas
respiratorios (tosse, gripe, inflamagdo na garganta, pneumonia, tuberculose, bronquite e asma) e

digestdrio (estomatite, ma digestdo, constipacdo e Ulceras gastricas), problemas dermatolégicos
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(caspas, sarna, dermatite) e na cicatrizacdo (CRUZ et al., 2007; ALMEIDA et al., 2005;
ALBUQUERQUE et al.,2007; SILVA et al., 2011).

Para fins terapéuticos, as partes mais utilizadas de Ziziphus joazeiro sdo cascas, caule e
folhas, possuindo diversas formas de preparo, desde in nature, Lambedor, Decoc¢do, Maceracao,
banhos dentre outras (FREITAS et al., 2015).

Sob a forma de extrato aquoso, pincipalmente partes do caule. Sdo conhecidas como
eficientes anti-inflamatérios, cicatrizantes, adstringentes, antidiabéticas, antimicrobiana, entre
outras agdes medicinais. Quando agitadas com &gua, as folhas e as cascas produzem abundante
espuma, devido a presenca de saponinas em varias partes da planta, substancias também
conhecidas com efeito alelopatico em varios estudos. Além disso, raspas do caule quando secas
sdo reduzidas a pd e usadas como dentifricio (MARASCHIN-SILVA, AQUILA, 2005, 2006;
CARVALHO, 2007; GUSMAN et al., 2008).

Ensaios farmacoldgicos comprovam a eficicia de Z. joazeiro na diminuicdo da placa
dentaria, exercendo uma acdo antimicrobiana sobre Streptococcus mutans, devido a escovacao dos
dentes com uma suspensdo aquosa a 1 % da entrecasca pulverizada (MOURA et al., 2013).

Pesquisas realizadas para avaliar a atividade antifungica, demonstram atividade importante
frente a Candida albicans, Cryptococcus neoformans e Fonsecaea pedrosoi - com valores de CMI
inferiores ao do controle (anfotericina B), além de Candida guilliermondii e Trichophyton rubrum
(CRUZ et al., 2007). Este fato, somado ao alto custo dos antibidticos de Ultima geracdo e ao
crescente fendmeno de resisténcia de drogas, aumenta a procura por novas substancias com menor
custo (ALVIANO et al., 2008).

O extrato aquoso da entrecasca de Z. joazeiro, apresentou atividade antibacteriana, contra
bactérias cariogénicas da microbiota oral, associadas a doencas peridentais, Prevotella intermédia,
Porphyromonas gingivalis, Fusobacterium nucleatum e Lactobacillus casei. O mesmo extrato,
apresentou potencial antioxidante, partir de ensaios fotométricos. A atividade antimicrobiana de
extratos etanodlico das cascas foi comprovada para E. coli, Pseudomonas aeruginosa, B. subtilis,
Mycobacterium smegmatis, Enterococcus faecalis, Serratia marcescens e Klebsiella pneumonae
(SILVA et al., 2011; MOURA et al., 2013). A atividade antipirética do extrato aquoso das cascas
também foi comprovada. (NISAR et al., 2007).

Em ensaios fitoquimicos a composi¢cdo quimica da entrecasca de Ziziphus joazeiro

apresentam a presenca de &cido betulinico, acido oleandlico, saponina esteroide e triterpenos, ja
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suas folhas sdo ricas em n-alcanos, triterpendides (lupeol, beta-amirina, epifriedelinol e acido
ursolico) e saponinas (OLIVEIRA, SALATINO, 2000; MELO et al., 2012).

1.4 RESISTENCIA MICROBIANA

Um fato preocupante ligado a area microbioldgica é o crescente niUmero de microrganismos
com menor suscetibilidade aos farmacos antibacterianos, antifngicos e antiparasitarios. A
resisténcia microbiana se caracteriza como um grave problema de salde, sendo responsavel por
surtos de infecgdes, que muitas vezes, sdo seguidos de morte (REIS etal., 2013; THAKARE et al.,
2019).

O fendmeno da resisténcia a agentes quimioterapicos entre as cepas de bactérias tem inicio
a partir da era microbiana. Tendo como principal fio condutor a larga utilizacdo e eficacia dos
antibidticos. O uso exacerbado, ocasionou uma sucessdo de eventos adversos, como O
desequilibrio da ecologia humana e uma pressdo seletiva crescente no meio, precipitando a
evolucdo de formas de adaptacao e resisténcia pelos microrganismos aos mecanismos de a¢ao dos
antimicrobianos (DIAS, MONTEIRO, 2009; QUEIROZ, FERREIRA, 2010).

A resisténcia microbiana, teve um aumento significativo nas ultimas décadas, que
refletiram em graves problemas para a terapéutica de infec¢des, constituindo-se uma ameaca a
saude publica a nivel mundial. Um conjunto de fatores sdo responsaveis pelo surgimento dessa
resisténcia, dentre eles, o uso indiscriminado e de maneira intensa de antimicrobianos em humanos
e animais, associado a doses subterapéuticas, inefetividade da droga de referéncia, esquemas
terapéuticos curtos, baixa acdo sobre infeccdo, falta de conhecimento das propriedades
farmacocinéticas e farmacodindmicas do farmaco para opcdo terapéutica, além da escassez de
drogas (SILVEIRA et al., 2006; COUTINHO et al., 2010; DAFLON-TEIXEIRA et al., 2019).

Diante do grave cendrio instituido pelas incorretas praticas de antibioterapia, se torna
necessario e fundamental a realizacdo de testes de suscetibilidade a antimicrobianos, com o
propésito de conduzir de maneira mais correta, segura e eficaz o tratamento (GIOLO;
SVIDZINSK, 2010; SILVA et al., 2014).

A proliferacdo da resisténcia microbiana, propicia evolucdo e adaptagdo de cepas
microbianas, resistentes a multiplas drogas, aumentando a morbilidade, 0s custos inerentes as

prestacdes dos cuidados de saude, bem como as taxas de mortalidade por infeccdes
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(TRAVASSOS, MIRANDA, 2010). Assim, se faz necessario, o uso racional de antimicrobianos,
pois a administracdo indevida pode ocasionar danos irreversiveis quando utilizados de forma nao
apropriada (TERRIVEL et al., 2013).

A resisténcia microbiana pode estar relacionada a fatores intrinsecos e extrinsecos. Os
micro-organismos sao capazes de desenvolver inimeros mecanismos de defesa as substancias
nocivas, e transferir geneticamente esses mecanismos de resisténcia entre as cepas microbianas
(OLIVEIRA et al., 2011; AYDIN, INCE, INCE, 2015).

Entre os principais mecanismos de resisténcia estdo, alteracdo no alvo das drogas,
diminuigdo na permeabilidade celular, retirada da droga da célula, que ocorre através das bombas
de efluxo, eliminacdo ou modificacdo da droga, através dos mecanismos enzimaticos, além da
formacéo de comunidades de micro-organismos, com diferentes graus de complexidade, que estéo
associadas a superficies diversificadas, denominadas de biofilme (COWEN et al., 2015; AIYER,
VIJAYAKUMAR, 2019).

1.5 BIOFILMES

Definido como um complexo ecossistema microbiano, os biofilmes séo formados por
populacdes desenvolvidas a partir de uma Unica, ou de vérias espécies, sendo denominado de
monoespécie e multiespécie, respectivamente (RICKARD et al., 2006; PARAI et al., 2017),
podendo ser encontrados em uma variedade de superficies bioticas e/ou abidticas (ABEE et al.,
2011).

A dindmica de formagdo de um biofilme ocorre em etapas distintas. Iniciando com
organismos, denominados colonizadores primarios, que se ligam a uma superficie, contendo
proteinas ou outros compostos organicos. As celulas aderidas passam a se desenvolver, originando
microcoldnias que sintetizam uma matriz, composta por substancias poliméricas extracelulares
(EPS), que passam a atuar como substrato para a aderéncia de microrganismos denominados
colonizadores secundarios. Estes colonizadores secundarios podem se aderir diretamente aos
primarios, ou promoverem a formacao de coagregados com outros microrganismos (GREGOIRE
etal., 2011; CONDO et al., 2018).

A matriz extracelular desempenha papel fundamental para a sobrevivéncia e

desenvolvimento dos biofilmes, possuindo como principais fung¢des garantir a coeséo da estrutura
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do biofilme, com a adesdo inicial e intercelular, o que contribui para a comunicacdo através do
guorum sensing, atua como barreira protetora, realizando adsorcdo de varios componentes e
retendo agua, é fonte de nutrientes principalmente nos periodos de escassez, como também
armazenam energia (ALBANO et al., 2018). Além da presenca de polissacarideos, a composicao
da matriz apresenta proteinas, DNA, moléculas anfifilicas e outros componentes que variam
conforme a espécie ou especies presentes no biofilme (AZEVEDO, CERCA, 2012; FOSTER et
al., 2014).

Levando em consideracao a estrutura do biofilme, é possivel observar células aderidas que
sdo designadas de sésseis, enquanto as livres e dispersas na fase aquosa sdo denominadas de
plancténicas. A mudanca de células planctdnica para sésseis ocorre devido a diversas alteracdes
ambientais, e envolve multiplas vias reguladoras, as quais traduzem os sinais em alteragcdes da
expressdo de genes, levando a uma reorganizacdo espacial e temporal das células microbianas
(PARSEK; SINGH, 2003; LENZ et al., 2008; MONDS; O’TOOLE, 2009; GRESSLER et al.,
2015).

Ha uma enorme variedade de locais, onde podem ser encontrados os biofilmes, nos
implantes como valvulas cardiacas, proteses, cateteres e alguns tecidos corporeos, como dentes e
gengivas, pulmdes, ouvidos, trato urogenital, entre outros (FREITAS et al., 2010). Os biofilmes
representam uma vantagem evolutiva para 0s micro-organismos, uma vez que, colabora com a
proliferacdo de infeccdes microbianas, aumento da resisténcia a antimicrobianos e ao sistema
imunoldgico do hospedeiro, ocasionando infecgdes mais severas e de dificil tratamento (MUZNY,
SCHWEBKE, 2015). Micro-organismo em biofilme suportam concentracfes mais elevadas de
agentes antimicrobianos do que suas formas plancténicas (SHUNMUGAPERUMAL, 2010;
CONDO et al., 2018)

Os mecanismos de resisténcia desses ecossistemas, estdo relacionados com a sua estrutura
e as modificacdes fisioldgicas dos micro-organismos presentes, como a penetracdo limitada da
droga pela matriz extracelular, ha relatos que a droga tenham dificuldades em se difundir pela
matriz e atingir os microrganismos, como também sua inativacdo através da ligacdo com
componentes da matriz e eliminac¢do por um numero significativo de bombas de efluxo (WUYTS,
DIJCK, HOLTAPPELS, 2018).

Outro fator é a presenca de células persistentes tolerantes a maltiplos farmacos, sdo células

com variag@es fenotipicas, constituem uma pequena parte da populacdo de biofilme, sdo capazes
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de sobreviver a elevadas doses de antimicrobianos, podendo assim restaurar o biofilme
(BRAUNER et al., 2016). As células presentes nos biofilmes, frente a determinadas mudancas
fisiologias, como choque térmico, mudanca de pH e agentes quimicos, respondem a esse estresse,
sintetizando diversos fatores ou expressando determinados genes de resisténcia, que de certa forma
ocasiona uma protecdo do biofilme de forma geral (BENTO, CERCA, 2012).

1.5.1 Biofilmes Bacterianos

Dentre as principais espécies bacterianas que formam biofilme podemos citar, Escherichia
coli, Staphylococcus aureus, Streptococcus mutans, Pseudomonas aeruginosa, Enterococcus
faecalis, dentre outras (ANTUNES et al., 2011)

A formacdo de biofilme confere varias vantagens as bactérias, principalmente no que diz
respeito a protecdo contra agentes agressivos, biofilmes bacterianos possuem alta tolerdncia a
antimicrobianos e aos mecanismos de defesa imunolégica do hospedeiro, permitindo a
sobrevivéncia em ambientes hostis e a colonizacdo de novos nichos (COENYE; NELIS, 2010;
LESOUHAITIER et al., 2019).

Os biofilmes bacterianos representam um problema bastante critico em hospitais,
sobretudo nas Unidade de Terapia Intensiva e para pacientes imunodeficientes, devido ao
tratamento comprometido pela resisténcia desenvolvida altas doses de antibidticos e combinacdes
com classes diferentes, sdo realizadas na busca de reverter o quadro clinico. Parareduzir a infeccéo
ocasionada por biofilme bacteriano, € necessario cerca de doses superiores a concentracao
inibitéria minima de antibidticos administrados em infec¢cBes ocasionadas por espécies
plancténicas (SOHAIL, LATIF, 2018).

Como exemplos tipicos de doencas relacionadas a biofilmes incluem: endocardites
bacterianas, otite média, prostatite crbnica bacteriana, fibrose cistica, periodontite e cérie
(DONLAN; COSTERTON, 2002; SANTOS, WATANABE, ANDRADE, 2011).

1.5.2 Biofilmes Fungicos

Dentre as espécies fungicas, Candida spp. tem merecido destaque na formacdo de

biofilmes, devido principalmente a capacidade de adesdo a superficies, possuindo assim facilidade
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em formar biofilmes. O que leva essa espécie ter um alto grau patogenicidade, resisténcia a
antifingicos e protecdo contra o sistema imunoldgico (SANTANA et al.,, 2013; SAHAL,
BILKAY, 2018; HUANG et al., 2019).

A estrutura do biofilme de Candida, consiste também em uma matriz extracelular que
possui composicdo conforme a espécie, além da presenca de hifas e pseudo-hifas. A matriz em
biofilmes de Candida albicans, € composta principalmente por hidratos de carbono, proteinas,
fosfato e hexosaminas. Biofilmes de Candida levam até 48 horas para atingir sua estruturaco
mais complexa (HENRIQUE, NEGRI, SILVA, 2012; NAGY et al., 2018).

As infegdes ocasionadas por biofilmes de Candida, representam uma preocupacdo no
ambito clinico, devido serem de dificil tratamento, principalmente quando o biofilme é formado
por multiespécie. S&o candidiase vulvovaginal, ocasionada na maioria das vezes pela utilizacdo de
cateteres urinarios e venosos centrais, candidiase oral relacionadas a prétese dentaria e xerostomia
e endocardites acarretando obstrucdo das valvulas cardiacas (ANDES et al., 2012; GUTIERREZ
etal., 2018).
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ABSTRACT

Plant extracts are defined as complex heterogeneous mixtures composed of diverse active
ingredient categories which characterize their bioactivities. Ziziphus joazeiro Mart., belonging to
the Rhamnaceae family, is an endemic caatinga species with a wide economic potential and
application in medicine. In the search for new antibacterial drugs, due to the manifestation and
development of bacterial antibiotic resistance mechanisms, medicinal plants, with their broad
pharmacological aspects, have led to the development of several phytomedicines. With this in

mind, the objective of the present study was to identify the chemical composition of the Ziziphus
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joazeiro leaf and stem bark aqueous extracts through the UPLC-qTOF-MS/MS method, as well as
to verify their antibacterial and modulatory action. Cold extract maceration was used to prepare
the Z. joazeiro leaf and stem bark aqueous extracts (AEL and AEB). The broth microdilution
method was used for the antibacterial and modulatory activity evaluations. This study is the first
to report on the Ziziphus joazeiro extract analyzes by ultra-performance liquid chromatography.
The UPLC-MS-ESI-QTOF analysis revealed compounds already present in the Ziziphus genus.
The extracts did not present antibacterial activity, however, they presented significant modulatory
activity when combined with antibiotics. The results highlight the need for further detailed

compound identification analysis and toxicity evaluation of these extracts.

Key-words: Liquid chromatography; Bacterial resistance; Flavonoids; Synergism.

1. INTRODUCTION

Plant extracts are defined as complex heterogeneous mixtures composed of diverse active
ingredient categories, in addition to having different functional groups, which often characterize
their bioactivities, such as secondary metabolites which represent many of the plant biological
activities and adaptive processes (Barreto Junior, 2005). Research on this subject and the
identification of new molecules present in extracts are important and of great economic and
pharmacological interest since many extracts have therapeutic potential (Yunes and Cechinel
Filho, 2014).

Ziziphus joazeiro Mart., belonging to the Rhamnaceae family, is an endemic caatinga
species and popularly known as “joazeiro”, “jua-babdo”, “jua-de-boi”, “juazeiro” and “jua”
(Prado, Gibbs, 2003; Carvalho, 2007; Sousa et al., 2015). Ziziphus joazeiro possesses a wide
economic potential and relevance for the northeastern back lands, being used as ornamental plants,
as an energy source, in cosmetics manufacturing as well as in human and animal feeding,
especially during dry periods, in addition to its application in popular medicine (Silva et al., 2011).
Within its many biological activities, the antipyretic (Nunes et al., 1987), analgesic (Schihly et al.,
1999), antioxidant, antibacterial (Alvino et al., 2008), antifungal (Cruz et al, 2007), antiparasitic
(Gomes et al., 2016) and gastroprotective activities (Washida, 2007; Roméo et al., 2010) stand out.
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Moreover, the species is frequently used in oral hygiene and for gingivitis treatment (Almeida et
al., 2006).

Infections caused by pathogenic bacteria cause apprehension due to their high mortality,
especially due to their sensitivity to treatment with commercially available antimicrobial drugs
(Patey et al., 2018). Antibacterial therapy has been threatened by the manifestation and
development of antibiotic resistance mechanisms. In general, bacteria have the genetic potential
to acquire and transfer resistance to therapeutic drugs and therefore, jeopardize the antibiotic’s
ability to treat the most common infections among the population (Kraupner et al., 2018).

Several factors contribute to the emergence of resistant strains with the main one being the
indiscriminate use of antimicrobial drugs. Therefore, it is extremely necessary to devise measures
seeking to control the abusive use of antibiotics, as well as new research which understands and
specialises on genetic resistance mechanisms, in addition to investigating synthetic or natural
substances which display potential for new antimicrobial drug developments or which act as
antibiotic action modifiers (World Health Organization, 2014).

In addition to antibacterial activity, the association between drugs and natural products are
carried out in search of observing the potentiation of their actions. For this interaction to be
positive, several factors must be taken into account, from pharmacokinetics and employed doses
to pharmacodynamics (Szalek et al., 2006; Silva and Fernando Junior, 2010).

In the search for new drugs, medicinal plants are, due to their wide pharmacological
aspects, choices which lead to the development of several phytomedicines. With this in mind, the
objective of the present study was to identify the chemical composition of the Ziziphus joazeiro
leaf and stem bark aqueous extracts using UPLC-MS-ESI-QTOF, as well as to verify the
antibacterial action of the extracts in isolation and in combination with conventional antibiotics to

evaluate their potential antibiotic modifying action.

2. MATERIALS AND METHODS

2.1. Collection area and plant material
The leaves and stem bark were collected from eight Ziziphus joareizo Mart. specimens
located in the Sitio Ipueiras, in the rural area of the Brejo Santo municipality, south of Ceara,

Brazil, at the foot of the Chapada do Araripe (geographical coordinates, south latitude and west
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longitude of  Greenwich: 1- 442m, 07°28°54.4S/39°01°47.2”W;  2-  431m,
07°28°53.37S/39°01°46.1”W;  3-  436m, 07°28°50.5°S/39°01°57.6”W;  4-  440m,
07°28°42.87S/39°02°10.2”W;  5-  447m, 07°28°48.5S/39°02°12.0"W;  6-  441m,
07°28°51.47S/39°02°16.0”"W;  7-  439m,  07°28°54.6”S/39°02°07.6"W; 8-  436m,
07°28°58.6°S/39°01°48.8”W). The exsiccate produced can be found deposited in the Herbarium
Déardano de Andrade Lima of the Regional University of Cariri - URCA under n° 13.346 and
identified as Ziziphus joazeiro Mart. The collection took place in the month of February 2017,
from 7:30 to 9:00 in the morning. The plant material was sent to the laboratory, cleaned and

weighed.

2.2. Extract preparation

The Z. joazeiro aqueous extracts from the leaves and stem bark (AEL and AEB) were
prepared by cold extraction maceration (Matos, 2002). Fresh leaves were cut to increase their
surface area, while the stem barks were dried at room temperature and ground in a mechanical
mill. Subsequently, both were added to distilled sterile water and maintained in a container
protected from light and air. After 72 hours the extracts were filtered, frozen and taken to a

lyophilizer (-60°C) producing a crude extract of 39.9g and 111.58g, respectively.

2.3. Compound identification through Ultra-efficient liquid chromatography coupled to
quadrupole/time of flight system (UPLC—qTOF-MS/MS)

The samples were filtered through Syringe filters (PTFE, 0.2 um pore and 13 mm diameter,
Millipore Millex) and 5 pL of each sample were injected into the UPLC system (Waters Co.,
Milford, MA, USA). The instrumental UPLC analysis was performed in an ACQUITY UPLC
BEH column (150 x 2.1 mm, 1.7 um; Waters Co.) on a Waters Acquity UPLC system. The column
temperature was set to 40 °C. The binary gradient elution system consisted of 0.1 % formic acid
in water (A) and 0.1 % formic acid in acetonitrile (B), with a linear gradient from 2 to 95 % B (0-
15 min) and a flow rate of 0.4 mL.min-1.

Profiling was performed by coupling the Waters ACQUITY UPLC system to the Q-TOF
Premier mass spectrometer (Waters MS Technologies, Manchester, UK) with electrospray
ionization interface (ESI) in the negative ionization mode. The desolvation gas used was nitrogen

and set to 350 °C with a flow rate of 500 L/h. The capillary and cone voltages were adjusted to 2.6
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kV and 0.5 V, respectively. Mass accuracy and reproducibility were maintained by infusing lock
mass (leucine-enkephalin, 0.2 ng/uL; [M-H]— ion at m/z 556.2771). MS data were collected for
m/z values in the range of 110-1180 Da with a scan time of 0.1 over an analysis time of 19 min.
The accurate mass and molecular formula assignments were obtained with the MassLynx 4.1

software (Waters MS Technologies).

2.4 Bacterial strains

Three of the bacterial strains used in this study were obtained from the Fundag&o Oswaldo
Cruz — FIOCRUZ - INCQS: Streptococcus mutans INCQS 00446 (ATCC 25175), Enterococcus
faecalis INCQS 00018 (ATCC 14506), Staphylococcus epidermidis INCQS 00016 (ATCC 12228)
and the other three were obtained from the Laboratorio de Microbiologia e Biologia Molecular
(LMBM) of Universidade Regional do Cariri (URCA) collection: Staphylococcus aureus ATCC
25923, Pseudomonas aeruginosa ATCC 9027, Escherichia coli ATCC 25922. Bacteria were
cultured on solid Heart Infusion Agar slants and maintained at 37 °C for 24 h. The inocula were
derived from this solid medium using test tubes containing sterile saline solution which were
standardized according to the McFarland 0.5 scale corresponding to 10° CFU (Colony Forming
Units)(NCCLS, 2003).

2.5. Extract and drug solution preparations

20mg of each extract were weighed and diluted in 1mL of dimethyl sulfoxide (DMSO-
Merck, Darmstadt, Germany), followed by distilled, sterile water addition to obtain the 2.048
uL/mL concentration used in the tests and to reduce DMSO concentration.

The antibiotics gentamicin, norfloxacin and ampicillin (SIGMA Chemical Co., St. Louis,

U.S.A.) were used at a concentration of 1024 pL/mL in the assays.

2.6. Minimal inhibitory concentration (MIC) determination

The Minimal Inhibitory Concentration (MIC) was determined by the broth microdilution
method, in 96-well plates, as described by CLSI (2008), where in each well, 100 uL of a solution
containing 1350 pL of 10% BHI and 150 pL of the inoculum is added. Then, 100 puL of each
extract solution is added, followed by successive 1:1 dilutions, with extract concentrations ranging

from 1024 pg/mL to 0.5 pg/mL. The plates were kept in incubation chambers at 35 °C for a period
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of 24 hours. The test was performed in triplicate. After incubation, 20 pl of resazurin sodium
indicator solution (Sigma Chemical Co., St. Louis, USA) was added, where after one hour at room
temperature, reading of the resazurin color change was performed. A change from blue to pink
indicates bacterial growth and the unchanged blue color indicates growth inhibition, confirming

the lowest substance concentration that inhibits bacterial growth.

2.7. Modulatory Activity

Evaluation of the extracts as antibiotic resistance modulators was performed according to
Coutinho et al. (2008). The MICs of the antibiotics were determined in the presence and absence
of the extracts at subinhibitory concentrations (MIC/8), added to 150 ul of the bacterial suspension
and to 10% BHI medium, these solutions are distributed (100 pL) into microdilution well cavities,
followed by 100 pL addition of each antibiotic solution and successive dilutions in the 1:1 ratio up
until the penultimate cavity, where lastly the plates are incubated for 24h at 35 °C. Antibiotic

concentrations range from 512 pg/mL to 0.5 pg/mL. All tests were performed in triplicates.

2.8 Statistical analysis
The test results were expressed as the geometric mean. A Two-Way analysis of variance
(ANOVA) followed by Bonferroni’s post-hoc test was applied using the GraphPad Prism 5.0

software. Only results with p< 0.05 were considered significant.

3. RESULTS AND DISCUSSIONS

This study is the first to perform the characterization of the Ziziphus joazeiro Mart. agueous
extract components using UPLC-ESI-QTOF-MS in the negative ionic mode.

Figure 1, shows the AEL high performance mass spectrometry (UPLC-MS) chromatogram.
Compound identification based on their molecular ion mass, retention time, fragmentation pattern
and available literature data resulted in fourteen compounds, shown in table 01, according to their
elution order, molecular formula, error and main fragments (MS?). Phenolic derivatives such as

kaempferol, quercetin, isorhamnetin and myricetin were the main compounds identified.

According to the deprotonated molecule, kaempferol, quercetin, isorhamnetin and

myricetin show a [M-H] ion at m/z 285, 301, 315, 317, respectively. In addition, fragmentation



50

patterns in MS? saw the relative loss of feruloyl, sinapoyl, rutinoside and sophoroside resulting in
the absence of 176, 206, 308, 324 da, respectively (Ferreres et al., 2005).

Compound 1 showed a deprotonated molecule [M-H] at m/z 285.0608 with product ion at
m/z 153 [(M-H)-132], relative to the loss of a pentose unity, resulting in dihydroxybenzoic acid
and was identified as dihydroxybenzoic acid pentoside (Russo et al., 2013; Choi et al., 2015).

Compounds 2, 6 and 7 exhibited a [M-H] at m/z 289, 609 and 463, respectively, and were
identified as catechin, rutin and quercetin-3-O-glucoside by authentic standard comparison.
Compound 8 showed the same deprotonated ion and MS/MS spectrum as compound 7 at m/z 463
and 301 being identified as quercetin-O-hexoside. Compound 3 showed a deprotonated molecule
[M-H] at m/z 595 and fragmentation patterns in accordance with previously identified Ziziphus
jujube (tab 01), being identified as 5-allyl-1-(2,3,4,-tris-O-benzoylpentofuranosyl)-2,4(1 H,3 H)-
pyrimidinedione. Compounds 4 and 5 showed a [M-H] ion at m/z 625 and 479 with the same
product ion at m/z 317, the myricetin ion, in accordance with the loss of rutinoside and hexoside,
thus being identified as Myricetin-O-rutinoside and Myricetin-O-hexoside, respectively (Barbosa
et al., 2006; Memona et al., 2013).

Similarly, compounds 9 and 10 showed a deprotonated ion [M-H] at m/z 625 and m/z 479
with the same fragment ion at m/z 315 relative to the loss of rutinoside and hexoside, respectively.
Therefore, these compounds were identified as Isorhamnetin-O-rutinoside and Isorhamnetin-O-
hexoside (Pelotto, Pero Martinez, 1993; Chen et al., 2015).

Compounds 12 and 13 showed a deprotonated molecule at m/z 815 and 785, with
fragmentation evidencing loss of sinapoyl/sophoroside and feruloyl/sophoroside respectively.
These compounds were analogous to those previously identified in Tronchuda Cabbage (Ferreres
et al., 2005). Thus, compounds 12 and 13 were identified as kaempferol-O-(sinapoyl)sophoroside

and kaempferol-3-O-(feruloyl)sophoroside, respectively.

Compounds 14, 19, 21 and 22 from the AEL, as well as compounds 1, 3, 4 and 7 from the
AEB, shown in Figure 2 and Table 1, were tentatively identified as saponin derivatives, based on
the review by Pu et al., (2017). For a more complete identification, isolation and structural

characterization using nuclear magnetic resonance (NMR) spectroscopy is necessary.
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Saponins, tannins, polyphenols and flavonoids are chemically reported in extracts from
Ziziphus joazeiro Mart. leaves (Brito et al., 2015) whilst betulinic acid, oleanolic acid and saponins
are reported in stem bark extracts (Barbosa Filho et al., 1985; Gomes et al., 2016).

Chemical characterization studies with the Ziziphus genus, evidenced a total of thirty-five
compounds including nitrogen, flavonoid, saponin and fatty acid compounds in the Ziziphus jujuba
cv. Junzao dried fruit ethanolic fraction composition, as identified by LC-MS/QTOF in negative
ionic mode (Pu et al., 2017). An LC-MS analysis of the Ziziphus mauritiana fruits in nature found
11 flavonoids, with myricetin-O-glycoside among them, also identified using an UPLC-QTOF
AEL analysis.

The antibacterial activity evaluation of both extracts (AEL and AEB) against the used
strains revealed a MIC > 2048ug/mL, a value above what is considered relevant (Houghton et al.,
2007).  Thus, the Ziziphus joazeiro aqueous extracts did not present clinically significant
antibacterial activity. However, flavonoids, especially myricetin and quercetin present in the AEL,
have been reported in other studies as active compounds against Staphylococcus aureus,
Enterococcus feacalis, Klebsiella pneumoniae and Pseudomonas aeruginosa (Xu and Lee, 2001).
Studies with the Ziziphus joazeiro Mart aqueous bark extract, which is rich in saponins, show a
remarkable action against Staphylococcus epidermidis (Alviano et al., 2008).

The extracts evaluated have in their composition the presence of saponins and flavonol
derivatives which have prominent antimicrobial activity (Fang et al., 2015; Simdes et al., 2017).
However, inactivity may be attributed to the quantity of these compounds in the extract, since
while the UPLC-QTOF analysis is qualitative, it does not quantify compounds present in the
extract. Moreover, in the study by Brito et al. (2015), the Ziziphus joazeiro leaf hydroethanolic
extract did not present relevant antibacterial activity, with a MIC>1024 pug/mL.

In the antibiotic activity modifying assays using extracts associated with antibiotics, a
synergism with gentamicin, norfloxacin and ampicillin against Staphylococcus aureus (Figure 03)
can be observed when in combination with the AEL extract, resulting in a significant MIC
reduction when compared to the control. Inhibition values of 0.5 pg/mL, 0.5 pg/mL and 6.34
ug/mL for the aforementioned combinations, respectively, were observed with the ampicillin
combination standing out with nearly 100% bacterial growth inhibition. The AEB interaction with
antibiotics was mostly indifferent, characterizing a significant antagonism when combined with

ampicillin, increasing its MIC up to 48 pg/mL.
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The action of ampicillin is potentiated against Staphylococcus epidermidis (Figure 3) when
combined with both extracts, with inhibition occurring at 128 pg/mL and 256 ug/mL when
combined with AEL and AEB extracts, while the control showed a MIC of 322.5 pug/mL.
Moreover, a decrease in the effect of gentamicin and norfloxacin when combined with AEB was
observed, increasing the MIC in relation to the controls by 34.8 pg/mL and 58.3 pg/mL,
respectively.

Figure 4 shows the combination of the extract with antibiotics against Enterococcus
faecalis, demonstrating gentamicin potentiation when combined with AEL, decreasing the MIC
by 12.8 pg/mL in relation to the control. Additionally, antagonism is evidenced with norfloxacin,
when combined with either AEL or AEB, with a MIC of 6.34 pg/mL and 32 pg/mL, while the
control obtained a MIC of 2.5 pg/mL.

The action of gentamicin, with a MIC of 812.7 pg/mL, and norfloxacin, with a MIC of 256
ug/mL was intensified by the extracts against Streptococcus mutans (Figure 5), with the AEL
combination presenting a MIC of 10.1 pg/mL for gentamicin and 32 pg/mL for norfloxacin, and
the AEB presenting MIC values of 20.2 ug/mL and 64 pg/mL, respectively. For ampicillin,
synergism was observed when in combination with AEL, obtaining a MIC of 0.8 pg/mL, and
antagonism with AEB, obtaining a MIC of 101.6 pg/mL, when compared to the MIC of the control
(40 pg/mL).

Figure 06 shows the modulatory activity of gram negative bacteria, Pseudomonas
aeruginosa, where synergism is demonstrated with gentamicin (MIC = 64 mg/mL) and norfloxacin
(MIC = 256 ug/mL) when associated with both extracts. A MIC of 40.3 pg/mL for gentamicin and
of 101.5 pg/mL for norfloxacin, respectively, were observed when combined with AEL. For AEB
the MICs obtained were of 20.2 pg/mL and 128 pg/mL, respectively. Gentamicin had its action
potentiated by AEL against Escherichia coli strains obtaining a MIC of 12.7 pg/mL and of 32
pg/mL when in combination with AEB, compared to the MIC of the control (64 ng/mL). The AEB
interaction with norfloxacin dramatically reduced the antibiotic effect, increasing the MIC by 30.5
pg/mL, when compared to the MIC of the control (1.5 pg/mL).

The extracts did not modify the ampicillin effect against Gram-negative bacteria. This may
be due to the complexity of the cell wall structure found in these bacteria, as well as their ability
to synthesize B-lactamase enzymes, considered one of the most efficient resistance mechanisms

against B-lactam antibiotics, where -lactamase hydrolyzes the beta-lactam ring causing rupture
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of the amide bond, thus reversing the antibiotic’s ability to inhibit bacterial cell wall synthesis
(Silva et al., 2018).

Brito et al. (2015), presents results from the combination of the Ziziphus joazeiro leaf
hydroethanolic extract with the antibiotics gentamicin and amikacin, obtaining MICs ranging from
78 to 9.7 ng/mL for Staphylococcus aureus, Escherichia coli and Enterobacter aerogenes.

When comparing the modulatory effect of the EAFZJ and EACCZJ, the leaf extract
presented a synergistic and statistically relevant potential when combined with antibiotics against
gram positive and gram negative bacteria. Among the antibiotics used, gentamicin was the most
potentiated, while ampicillin stands out as the antibiotic with the lowest modulation number,
especially against gram negative bacteria.

Gentamicin belongs to the aminoglycosides class, altering or inhibiting protein synthesis
(Leggett, 2015). Norfloxacin, from the fluoroguinolones class, is capable of inhibiting DNA
gyrase, an enzyme essential for bacterial DNA replication (LI et al., 2007). In addition, ampicillin
is part of the beta-lactams class and exerts its action at the end of the peptidoglycan biosynthesis,
by inhibiting bacterial cell wall synthesis (Suarez and Gudiol, 2009). Thus, for these antibiotics to
exert an effect it is necessary that they first cross the cell wall and cell membrane.

The antibiotic potentiation by the extracts may be associated with their chemical
composition, which contribute to the destabilization of the cellular membrane structure,
consequently altering its permeability, thus facilitating antibiotic penetration into the bacterium
(Trombetta et al., 2005).

From the compounds found in the extract, flavonoids and saponins alter permeability, in
addition to being able to disrupt or rupture the cell membrane of microorganisms. Saponins found
in both the EAFZJ and EACCZJ have detergent and emulsifying action through the formation of
complexes with steroids, proteins and phospholipids present in cell membranes, causing openings
in the cell membrane (Fang et al., 2015, Simdes et al., 2017).

When analyzing the negative antibiotic action modification, that is, antagonism by the
extracts, it is worth noting the AEB contributed to a decrease in antibiotic action, especially for
norfloxacin and ampicillin. This negative action may be attributed to the presence of compounds
with antioxidant potential, which are especially present in the bark (Barbosa Filho et al., 1985;
Gomes et al., 2016).
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Some antibiotics induce a common oxidative pathway which damages bacterial cells by
producing reactive oxygen species (Kalghatgi et al., 2013). The antagonism may thus be explained
by the capture of these radicals by antioxidant compounds, intercepting active oxygen and forming
stable radicals, such that the action of the antibiotic is reduced (Mello; Santos, 2017).

5. CONCLUSION

In view of the results, it is concluded that both Ziziphus joazeiro aqueous extracts did not
demonstrate direct antibacterial activity. However, they present significant modulatory activity
when combined with antibiotics. Moreover it is important to emphasize that the AEL showed a
greater synergistic effect when compared to the AEB, which in turn stood out with an antagonistic
effect. This study is the first to report the analysis of Ziziphus joazeiro extracts by ultra-
performance liquid chromatography (UPLC-QTOF), showing compounds already present in the
Ziziphus genus, in addition to presenting the need for more detailed analyzes through isolation and

structural characterization using spectrometry and spectroscopy.
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Figures

Figure 1: High Definition Mass Spectrometry (UPLC-MS) chromatogram of the Aqueous Extract of Leaves (AEL)
in the negative ionic mode.
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Figure 2: High Definition Mass Spectrometry (UPLC-MS) chromatogram of the Aqueous Extract of Bark (AEB) in
the negative ionic mode.
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Figure 3. Aqueous extracts of Ziziphus joazeiro associated with antibiotics against strains of Staphylococcus aureus

e Staphylococcus epidermidis. (AEL - Aqueous Extract of Leaves; AEB - Aqueous Extract of Bark).
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Figure 4. Aqueous extracts of Ziziphus joazeiro associated with antibiotics against strains of Enterococcus faecalis

(AEL - Aqueous Extract of Leaves; AEB - Aqueous Extract of Bark).
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Figure 5. Aqueous extracts of Ziziphus joazeiro associated with antibiotics against strains of Streptococcus mutans
(AEL - Adueous Extract of Leaves; AEB - Agueous Extract of Bark).
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Figura 6. Aqueous extracts of Ziziphus joazeiro associated with antibiotics against strains of Pseudomonas
aeruginosa e Escherichia coli (AEL - Aqueous Extract of Leaves; AEB - Aqueous Extract of Bark).
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Table 1: UPLC-ESI-QTOF-MSE identification of compounds from aqueous leaves extract of Ziziphus joazeiro M.
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Peak Rt [M-H] [M-H] Product Empirical Ppm ] o
) Putative Name Referéncias
no.  min Observed  Calculated lons (MS/MS) Formula (error)
1 2.71 285.0608 285.0610 153.0122, 152.0070, 108.0177 Cr2H130s 0.7 D'hydrsga’t%i?gg'c acid [23,24]
2 3.01 289.0709 289.0712 - C15H1306 1.0 Catechin Std
5-allyl-1-(2,3,4,-tris-O-
3 3.19 595.1713 595.1717 475.1239, 385.0903, 355.0844 CasH27N20g 0.7 benzoylpentofuranosyl)-2,4(1 [29]
H,3 H)-pyrimidinedione

4 3.71 625.1401 625.1405 317.0168, 316.0158 Ca7H29017 0.6 Miricetin-O-rutinoside [25]
5 3.79 479.0823 479.0826 317.0247, 316.0145 C21H19013 0.6 Miricetin-O-hexoside [26]
6 4.08 609.1448 609.1456 301.0280, 300.0291 C27H29016 13 Rutin Std

7 4.22 463.0866 463.0877 301.0312, 300.0226 C21H19012 24 Quercetin-3-0O-glucoside Std

8 4.43 463.0866 463.0877 301.0316, 300.0218 C21H19012 2.6 Quercetin-O-hexoside Std

9 4.49 623.1617 623.1612 315.0445, 3;%%23% 300.0192, CasHz1016 0.8 Isorhamnetin-O-rutinoside [27, 28]

315.0482, 314.0372, 299.0231, . .
10 4.75 477.0988 477.0974 285.0406, 271.0137 Co9H1707 2.9 Isorhamnetin-O-hexoside [27, 28]
11 4.81 439.1044 439.1029 437.0979, 329.1394, C23H1909 34 NLi -
kaempferol-O-
12 5.00 815.2075 815.2035 609.1489, 429.1145, 285.0415 CsgH39020 4.9 (sinapoyl)sophoroside [22]
kaempferol 3-O-

13 5.09 785.1030 785.1029 609.1467, 285.0416 C37H37019 0.1 (feruloyl)sophoroside [22]
14 6.94 1013.5316 1013.5321 851.4647, 701.2863 Cs1Hg1020 0.5 Diosgenin tetraglycoside [29]
15 7.08 851.4494 851.4488 469.0810, 240.9931 C37H71102 0.7 NLi -



16
17
18
19
20
21
22

7.34
7.42
7.95
8.45
8.74
9.22
9.37

837.4362
751.3934
897.5009
1021.4822
977.4584
1021.4794
1035.5089

837.4366
751.3940
897.5000
1021.4832
977.4593
1021.4797
1035.5071

663.3777, 339.1071
705.3948, 663.3815
877.3986, 878.5026, 751.4100
1007.4745, 941.5298, 881.4555
965.4107, 865.3158, 785.3562
977.4593, 311.1655,
1021.4946, 977.4622, 311.1689

Cs4H108
Ca7Hes013
CsoH73014
Cr3Hes0s
CasH73022
Cs5H73018
Ca2Hg3028

0.5
2.3
1.0
1.0
0.9
0.3
1.7

N.i

N.i

N.i
Saponin derivative

N.i
Saponin derivative

Saponin derivative
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[29]

[29]
[29]

*N.i - No identified; Std - corresponde a Standa
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Peak Rt [M-H] [M-H] Product Empirical Ppm Putative Name Referéncias

no. min Observed Calculated lons (MS/MS) Formula (error)

1 5.57 1077.5557 1077.5482 1075.4966, 977.4888, 945.5064, Cs2HsgsO23 7.0 Saponin derivative [29]
2 6.72 1153.5768 1153.5771 1091.5408, 975.5472, 537.1963 C47Hg303; 6.1 N.i -
3 6.89 1077.5557 1077.5482 991.5376, 946.5178, 945.5141 Cs2HgsO23 6.0 Saponin derivative [29]
4 7.40 1091.5724 1091.5732 1005.5424, 959.5316 Cs4Hs3015 0.7 Saponin derivative [29]
5 7.96 897.4842 897.4848 543.1935 C39H7702 6.1 N.i. -
6 8.61 977.4518 977.4535 528.3604 Cu6H7302, 7.7 N.i. -
7 9.11 1077.5570 1077.5575 976.3211, 945.5136 Cs2HsgsO23 0.5 Saponin derivative [29]
8 9.68 991.4636 991.4636 977.4589 CasH75025 3.9 N.i. -
9 10.02 991.4583 991.4574 977.4442, 845.4070, 550.1986 Cu3H75025 1.4 N.i. -

* N.i - No identified
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Abstract
Objective: To compare the in vitro antiparasitic activity of agueous extracts from Ziziphus joazeiro
leaves and stem bark against Trypanosoma cruzi, Leishmania brasiliensis, and Leishmania

infantum, as well as to evaluate its cytotoxicity in mammalian cells, in addition to identifying the
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chemical composition of the extracts. Methods: The Ziziphus joazeiro leaf and stem bark aqueous
extracts were prepared by cold extraction maceration and subjected to ultra-efficient liquid
chromatography coupled to a quadrupole/time of flight system. The susceptibility assays used
Trypanosoma cruzi CL-B5 strains and promastigote forms of Leishmania brasiliensis and
Leishmania infantum for antiparasitic activity of the extracts Moreover, in the cytotoxic analysis
mammalian fibroblasts NCTC clone 929 were used. Results: Chemically, the classes of terpenoid
compounds, flavonoids and phenolic acid were identified in extracts. The stem bark aqueous
extracts presented more significant results in terms of antiparasitic activity compared with the leaf
agueous extracts, especially against Leishmania brasiliensis and Leishmania infantum
promastigote forms with an 1Csp < 500 pg/mL. The cytotoxic evaluation showed moderate toxicity
for the stem bark aqueous extracts, which is relevant information for the rational use of this plant
part since it is widely used by the population. Conclusions: These preliminary results may
contribute to the formulation of new therapeutic agents against this group of neglected diseases,
so complementary investigations are fundamental to verify the mechanisms of action mainly of

the aqueous extract of the bark of the stem of Ziziphus joazeiro.

Keywords: Antiepimastigote Antipromastigote; UPLC-MS-ESI-QTOF

1. Introduction

Infectious diseases termed as neglected diseases are caused by parasitic or infectious agents
which mainly affect populations living in conditions of poverty and social inequality. The World
Health Organization (WHO) emphasizes that housing, food, poor sanitation and lack of health care
are the main causes of these diseases[1,2]. Leishmaniasis, malaria, dengue, Chagas disease,
leprosy and tuberculosis can be highlighted as examples of neglected diseases|[3].

Chagas disease is a parasitic infection caused by the flagellate protozoan Trypanosoma
cruzi (T. cruzi) and transmitted through vectors. Chagas disease is a systemic and chronic disease
considered to be an endemic tropical disease in 21 countries in Latin America where its main
transmission mechanism occurs through triatomine vectors. Secondary transmission mechanisms
such as transfusion (through blood transfusion or infected organ transplantation), congenital
(mother-child transmission, if the woman has the disease) and oral (through ingestion of foods

infected with insect feces) transmission exist. During the T. cruzi biological cycle three
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evolutionary forms (trypomastigote, epimastigote and amastigote) can be observed[4,5].
According to the WHO, there are approximately 8 million people infected, with 56 thousand new
cases per year and 12 thousand annual deaths[6].

Leishmaniasis is characterized as a group of diseases caused by protozoa from more than
20 Leishmania species where the parasites have two life cycle stages: promastigote and amastigote.
Transmission of these parasites is achieved through a phlebotomine vector[7,8]. There are three
main types of leishmaniasis: cutaneous, which causes ulcers on exposed body parts (face, arms
and legs); visceral, one of the most severe forms, is characterized by fever, weight loss, spleen and
liver enlargment, followed by anemia; and mucocutaneous, where the lesions cause destruction of
the nose, mouth, throat and surrounding mucous tissue membranes[9,10]. The WHO noted that in
2014 more than 90% of new cases occurred in six countries: Brazil, Ethiopia, India, Somalia, South
Sudan and Sudan[11].

Neglected diseases suffer from a therapeutic disadvantage as they do not attract the interest
of pharmaceutical industries[12]. Chagas' disease treatment is achieved by only two drugs,
nifurtimox and benzonidazole. For leishmaniasis, pentavalent antimonials, amphotericin B and
pentamidine are used. In general, these drugs have a high parasite resistance index, often requiring
high administration doses, which generate considerable toxicity[13,14]. Thus, the importance of
finding new compounds which act as chemotherapeutic agents for the treatment of these diseases
is evident.

Moreover, natural products derived from various plant parts can be used as agents for the
treatment of infections, mainly due to the bioactive potential of secondary metabolites present in
their composition[15]. Ziziphus joazeiro (Z. joazeiro) Mart. (Rhamnaceae) is a tree species widely
used in ethnomedicine with several proven biological activities such as antifungal, antibacterial,
antioxidant, antipyretic, anti-inflammatory and astringent activity[16,17].

The objective of this work was to evaluate the in vitro antiparasitic activity of the Z.
joazeiro aqueous extracts derived from its leaves and stem bark against T. cruzi, Leishmania
brasiliensis (L. brasiliensis), and Leishmania infantum (L. infantum), as well as its cytotoxic
potential in mammalian cells, in addition to identifying the chemical composition of the extracts
through UPLC-MS-ESI-QTOF.

2. Materials and methods
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2.1. Collection area and plant material

The leaves and stem bark were collected from eight Z. joazeiro Mart. specimens located in
the Sitio Ipueiras, in the rural area of the Brejo Santo municipality, south of Ceara, Brazil, at the
foot of the Chapada do Araripe (geographical coordinates, south latitude and west longitude of
Greenwich: 1: 442 m, 07°28°54.4”S/39°01°47.2”W; 2: 431 m, 07°28°53.3S/39°01°46.1”W; 3: 436
m, 07°28°50.5”S/39°01°57.6”W; 4. 440 m, 07°28°42.8”S/39°02°10.2”W; 5. 447 m,
07°28°48.5°S/39°02°12.0”"W; 6: 441 m, 07°28°51.47S/39°02°16.0”"W; 7: 439 m,
07°28°54.6°S/39°02°07.6”W; 8: 436 m, 07°28°58.6°S/39°01°48.8”W). The voucher material was
deposited in the Herbarium Dardano de Andrade Lima of the Regional University of Cariri -
URCA under n° 13.346 and identified as Z. joazeiro Mart. The collection took place in the month
of February 2017, from 7:30 to 9:00 in the morning. The plant material was sent to the laboratory,

cleaned and weighed.

2.2. Extract preparation

The Z. joazeiro aqueous extracts from the leaves and stem bark (AEL and AEB) were
prepared by cold extraction maceration[18]. Fresh leaves were cut to increase their surface area,
while the stem barks were dried at room temperature and ground in a mechanical mill.
Subsequently, both were added in distilled sterile water and maintained in a container protected

from light and air. After 72 h, the extracts were filtered, frozen and taken to a lyophilizer (-60 C)
producing a crude extract of 39.9 g and 111.58 g, respectively.

2.3. Compound identification through ultra-efficient liquid chromatography coupled to
quadrupole/time of flight system (UPLC-MS-ESI-QTOF)

The analysis was performed on a Waters ACQUITY UPLC system to the Q-TOF Premier
mass spectrometer (Waters MS Technologies, Manchester, UK) with electrospray ionization
interface (ESI) in negative ionization mode. Chromatographs were run on a Waters Acquity UPLC
BEH column (150 mm X 2.1 mm, 1.7 um), fixed temperature of 40 ‘C, mobile water phases with
0.1% formic acid (A) and acetonitrile, 1% formic acid (B), gradient ranging from 2% to 95% B
(15 min), flow 0.4 mL/min and injection volume 5 pL. The negative ESI mode was acquired in

the range of 110-1 180 Da, fixed source temperature at 120 C, desolvation temperature 350 C,
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desolvatation gas flow of 500 L/h, extraction cone 0.5 V, voltage capillary of 2.6 kV. Leucine-
enkephalin was used as a lock mass. The acquisition mode was MSE. MS data were collected for
m/z values in the range of 110-1 180 Da with a scan time of 0.1 over an analysis time of 19 min.
The accurate mass and molecular formula assignments were obtained with the MassLynx 4.1

software (Waters MS Technologies).

2.4. Cell lines

The T. cruzi assays used CL-B5 parasite strains (clone CL-B5) transfected with the B-
galactosidase gene of Escherichia coli (LacZ). Epimastigote forms were cultured in infusions of
liver tryptase with 10% fetal bovine serum, penicillin and streptomycin at 28 ‘C, being harvested
during the exponential growth phase[19]. For the leishmanicidal activity, promastigotes of L.
braziliensis and L. infantum grown at 26 “C were used in Schneider's medium, supplemented with
10% fetal bovine serum, 2% normal human urine plus penicillin and streptomycin. In the NCTC
clone 929 mammalian fibroblast cytotoxicity test, they were cultured in RPMI 1640 medium
(Sigma) supplemented with 10% fetal bovine serum, penicillin and streptomycin. Cells in the pre-
confluence phase were harvested with trypsin, maintained at 37 C in a humidified atmosphere of
5% COa.

2.5 In vitro trypanocide and leishmanicidal assay

The trypanocidal assay was performed on 96-well microdilution plates with cultures that
did not reach the stationary phase[20]. Epimastigotes were seemed (1 X 10° cells/well) on 200
mL of RPMI médium and incubated with the products at 28 °C by 72 hours. Subsequently, 50 pL
of CPRG (Chlorophenol red-p-D-galactopyranoside) solution were added, incubated at 37 “C for
an additional 6 h and then read at 595 nm in a spectrophotometer. Nifurtimox was used as reference
drug. Each concentration was tested in triplicate. The percentage of inhibition (% AE) was
calculated.

The leishmanicidal assay was based on the method developed by Mikus and Steverding[21]
with modifications. Promastigotes (2.5 X 10° parasites/well) were grown in 96-well plastic plates.
The extracts were dissolved in dimethyl sulfoxide (DMSO), and different dilutions of up to 200

mL of final volume were added. After 48 h at 26 ‘C, 20 pL of resazurin solution was added and
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the oxidation-reduction was quantified at 570 to 595 nm. Each concentration was tested in
triplicate. In each test, Metronidazole, the reference drug, was used as a control. The

antipromastigote percentages (% AP) were calculated.

2.6. Cytotoxic assay

The method for assessing cell viability was colorimetric, with resarzurine[22]. Fibroblasts NCTC
929 were seeded (5 X 10* cells / well) in 96-well microdilution plates with 100 L. RPMI 1640
medium for 24 h at 37 C in 5% CO. atmosphere. The medium was replaced by different
concentrations of the extracts in 200 uL of medium and then incubated for another 24 h. Growth
controls were also included. Subsequently, a 20 uL volume of 2 mM resazurin solution was added
and the plates incubated for 3 h to evaluate cell viability. Each concentration was tested in
triplicate. The cytotoxicity of each compound was estimated by calculating the percentage of

cytotoxicity (%C).

2.7 Statistical analysis
The IC50 of the results about cytotoxic effect, anti-leishmania and anti-trypanosoma
activities were calculated using the software GraphPad Prism 7.0, applying a sigmoidal regression

curve of doseresponse.

3. Results
3.1. Compounds identified in AEL and AEB
The chromatographic analysis of the Z. joazeiro Mart. extracts were determined by UPLC-
MS-ESI-QTOF in the negative mode. The results obtained show 12 compounds present in AEB,
with the identification of 7 saponin derivatives which belong to the terpenoid classes (Table 1).
Twenty-four compounds were found in AEL, with 12 compounds being identified (Table

1), including four terpenoids, seven flavonoids and one phenolic acid.

3.2. Results of in vitro trypanocide, leishmanicidal and cytotoxic assay
Table 2 presents the antipromastigote, antiepimastigote and cytotoxicity activity results of

the Z. joazeiro extracts, in addition to the standard drug results. AEB presented more significant
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results for its antiparasitic activity in comparison to the AEL, especially against the L. brasiliensis
and L. infantum promastigote forms.

The AEL presented antiparasitic activity against promastigotes and epimastigotes, with an
ICs0 > 500 pug/mL, however, without clinical relevance. Furthermore, its cytotoxic evaluation was
not determined.

The 1Cso values of AEL for antipromastigote activities were 1 241 pg/mL (L. braziliensis)
and 33 770 pg/mL (L. infantum) and for antiepimastigote activity, the 1Cso value was 76 640
pg/mL.

The AEB was the most efficient extract against the promastigote forms with an 85.71%
inhibition for L. braziliensis and 68.44% for L. infantum, at 1000 pg/mL concentration. The 1Cso
values for antipromastigote activities were 327.4 ug/mL (L. braziliensis) and 405.2 ug/mL (L.

infantum) and for antiepimastigote activity, the 1Cso value was 1 080 ug/mL.

3.3. Cytotoxicities of the extracts of Z. joazeiro Mart.
The cytotoxicity of AEL was not observed. The AEB showed moderate toxicity, with an
IC50 value for cytotoxicity of 333.9 pug/mL, and inhibition of 61.87% fibroblasts at the

concentration of 250 pg/mL.

4. Discussion

The Ziziphus genus is known for having a presence of alkaloids and polysaccharides, in
addition to a significant number of flavonoids, tannins and saponins in its composition[23,24].

Regarding antiparasitic activity, in a study carried out by Brito et al[25] using a Z. joazeiro
leaf hydroethanolic extract, no relevant antiparasitic activity was observed against T. cruzi (ICso:
612.061 png/mL), L. braziliensis (ICso: > 5 000ug/mL) and L. infantum (I1Cso: 693.67 ug/mL), with
the extract exhibiting a low cytotoxic activity.

Gomes et al[26] evaluated the antimalarial activity of aqueous extract from Z. joazeiro
stem bark, observing complete nematode egg inhibition, Haemonchus spp., where the 1Cso was
determined at 1.9 ug/mL of the extract.

In this study, the AEL did not present relevant antiparasitic activity. However, some
constituents of the flavonoid class, such as myricetin-O-glucoside, quercetin-O-hexoside and

quecetin-robnoside, which are derived from mirecetin and quercetin, have been observed in its
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composition. When isolated from plant extracts, mirecetin and quercetin were effective in reducing
T. cruzi strains, in addition to presenting low toxicity to mammalian cells[27]. In this way it is
believed that the constituents present in complexes do not have the effect that their isolated form
has.

The cytotoxicity presented by the AEB may be related to the presence of saponins in its
chemical composition. Several studies report high cytotoxicity for many saponins[28-30].

Saponins are molecules produced by the plant’s secondary metabolism which act primarily
as a chemical defense system against herbivores, as well as fungal and bacterial infections[31,32].
Despite reports on its toxicity, these molecules are responsible for a wide variety of biological
activities such as molluscicidal, antiparasitic[33], anti-inflammatory, cytotoxic, anti-platelet and
anti-diabetic activities[23,26,29,34].

In conclusion, comparative evaluation of the antiparasitic activity of the Z. joazeiro
aqueous extracts demonstrated the efficacy of the AEB against promastigote forms and an
antiparasitic action without clinical relevance of the AEL. The cytotoxicity from the AEB extract
observed is of relevant information for the rational use of this plant part since it is widely used by
the population. UPLC-QTOF analysis revealed compounds which can be used as a basis for further

biological studies against this group of neglected diseases.
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Tables
Table 1. Identification of compounds by UPLC-QTOF in aqueous extract of stem bark (AEB) and leaves (AEL) of
Z. joazeiro.
Samples  Quantitative Classes Compound
AEB 7 Terpenoids Saponin derivates
5 None None
AEL 4 Terpenoids Saponin derivates
7 Flavonoids C-flavone glycosides
Myricetin-O-glucoside
Rutin
Quercetin-O-hexoside
Quecetin- robnoside
Ramnazin-3-O-rutinoside
Ramnazin-hexoside
1 Phenolic acid  Dihydroxybenzoic acid
pentoside
12 None None

Table 2. Antipromastigote and antiepimastigote activities of the extracts of Z. joazeiro Mart (mean+ SD) (%).

Samples (ug/mL) %AP (L.b) %AP (L.i) %AE
AEL
1 000 51.11+2.33 3.88+0.86 1.72+0.80
500 23.51+0,43 0.00+0,22 0.0040.31
250 13.05+0.75 0.00+0.31 0.00+0.61
AEB
1 000 85.71+0.70 68.44+0.42 43.00+4.74
500 82.16+0.47 67.89+0.20 26.71+0.14
250 42.92+0.78 51.83+0.43 25.78+0.64
Metronidazole
2.0 100.0 100.0 -
1.0 97.9 97.9 -
Nifurtimox
1.0 - - 54.9
0.5 - - 45.6

AP:antipromastigote percentage; AE: antiepimastigote; L.b: L. braziliensis; L.i: L. infantum. AEL: aqueous extracts
of leaves of Z. joazeiro; AEB: aqueous extracts of stem bark of Z. joazeiro.
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Table 3. Cytotoxicities of the extracts of Z. joazeiro Mart (meanz SD) (%).

Samples (ug/mL) %C
AEL

1000 0.00£0.22

500 0.00+1.27

250 0.00£0.21
AEB

1000 -

500 -

250 61.87+0.86

AEL.: aqueous extracts of leaves of Z. joazeiro; AEB: aqueous extracts of stem
bark of Z. joazeiro. C: cytotoxicity.
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Resumo

A ocorréncia de infec¢bes fungicas tem levado a morbidade e mortalidade, mesmo quando ha
recurso terapéutico disponivel, devido principalmente a resisténcia dos micro-organismos que gera
como consequéncia a inatividade das drogas comercializadas. Frente a isso, 0 objetivo desse estudo
é verificar a acdo antifangica dos extratos aquosos das folhas e da casca de Ziziphus joazeiro, de
forma isolada e em combinagdo com o fluconazol, na busca de avaliar o potencial modificador na
acao desse antifungico contra a resisténcia de espécies do género Candida. Os ensaios
antifungicos, determinaram a Concentracdo Inibitéria de 50% dos micro-organismos (I1C50),
utilizando extratos isolados e combinados com antifingico padrdo, através do método de
microdiluicdo em caldo e com leitura espectrofotométrica e a ap6s a concentragcdo fungicida
minima foi verificada por subcultivo em meio sélido. Na curva de viabilidade celular das cepas
utilizadas, € possivel observar que ambos extratos apresentaram inibicéo de crescimento flngico
em concentracdes crescentes, além de apresentar pontos de concentracdo inibitéria semelhante a
do fluconazol. No entanto os extratos se comportaram de forma fungistatica, com concentracéo
inibitéria minima >8192 pg/mL, e valores de 1C50 variando de 450,60 a 9040,94 pug/mL. Quando
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combinado com fluconazol, foi observado uma diminui¢do na concentracdo inibitéria minima de
ambos os extratos, destacando, o0 EAFZJ frente a Candida albicans URM 4387, que revelou uma
ICso bem proxima ao fluconazol de 2,83 pg/mL. No entanto, foi possivel observar antagonismo do
fluconazol, frente as cepas utilizadas. Avaliando de forma geral percebemos que a acéo antifungica
dos extratos utilizados frente as cepas candida spp. possuem valores de Concentracdo inibitoria
maiores que os valores do antifingico de referéncia. No entanto, levando em consideracgdo que séo
extratos brutos, rico em uma complexidade quimica, demonstraram um efeito antifungico e
propriedades que consolidam o aspecto etnobiolégico da espécie Ziziphus joazeiro.

Palavras-chave: Fungistatico; Patdgenos oportunistas; Joazeiro.

1. Introducéo

Leveduras do género Candida estéo presentes na microbiota normal do organismo humano
e se tornam patogénicas em pacientes Imunocomprometidos, sendo responsaveis por causar
Candidiase, uma das mais comuns infec¢Bes flngicas oportunistas, de quadro clinico varidvel e
diagnostico leve, agudo ou cronico. O género é composto por cerca de 200 espécies, tendo como
agente mais virulento a espécie Candida albicans, seguidos por outras espécies ndo-albicans [1-
2].

A ocorréncia de infeccOes fungicas é cada vez mais observada, levando a morbidade e
mortalidade, mesmo quando h& recurso terapéutico disponivel. Essa situacdo ocorre
principalmente, devido a inatividade das drogas comercializadas. A resisténcia do género Candida,
pode ser intrinseca ou adquirida no decorrer do tratamento, 0s mecanismos de resisténcia, como
biofilme, desenvolvimento de pseudo-hifa ou hifa, bombas de efluxo e fatores de transcrigéo
mutantes colaboram com a ampliacéo da resisténcia microbiolégica aos antifingicos [3-4].

Por muito tempo, as medidas de prevencdo contra infec¢oes flngicas se davam atraves da
prescri¢do de fluconazol e o uso abusivo desse antifingico € considerado como responsavel pela
maior incidéncia de espécies de Candida com respostas adaptativas ao tratamento, contribuindo
com a reducdo de susceptibilidade ao farmaco [5]. Assim, é notavel a necessidade de pesquisas
voltadas para desenvolvimento de novas substancias que contribuam para o tratamento eficaz da
candidiase.

Os extratos vegetais, no ponto de vista farmacoldgico, sdo importantes na pesquisa por
principios ativos que apresentem efeito bioldgico, e que possam direcionar o desenvolvimento de

novos medicamentos. Ziziphus joazeiro Mart. € uma espécie endémica da caatinga, da familia
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Rhamnaceae, popularmente conhecida como joazeiro, jua-babdo, jua-de-boi, juazeiro e jua [6-7].
E comumente utilizado pela populacdo na higiene bucal e tratamento de gengivites [8], além de
possuir varias atividades bioldgicas comprovadas, analgésica [9], atividade gastroprotetora [10-
11], antipiréticas [12], antioxidantes, antibacteriana [13], antifingica [14], antiparasitaria [15].
Este trabalho, objetivou verificar a agdo antifingica dos extratos de forma isolada, e em
combinacdo com o fluconazol, para avaliar o potencial modificador na acdo desse antifingico

contra a resisténcia do género Candida.

2. Material e métodos

2.1 Area de coleta e material vegetal

As coletas das folhas e cascas do caule, foram realizadas em oito espécimes de Ziziphus
joareizo Mart., localizadas no Sitio Ipueiras, na zona rural do municipio de Brejo Santo, sul do
Ceara, Brasil, no sopé da Chapada do Araripe (coordenadas geograficas, latitude sul e longitude
oeste de Greenwich: 1- 442m, 07°28°54.4°S/39°01°47.2”W; 2- 431m,
07°28°53.37S/39°01°46.1”W;  3-  436m, 07°28°50.5°S/39°01°57.6”W;  4-  440m,
07°28°42.87S/39°02°10.2”W;  5-  447m, 07°28°48.5°S/39°02°12.0"W;  6-  441m,
07°28°51.47S/39°02°16.0"W;  7-  439m,  07°28°54.6”S/39°02°07.6"W; 8-  436m,
07°28°58.6°S/39°01°48.8”W)A exsicata produzida, encontra-se depositada no Herbario Dardano
de Andrade Lima da Universidade Regional do Cariri — URCA, sob 0 n°13.346 e identificada
como Ziziphus joazeiro Mart. As coletas aconteceram no més de fevereiro de 2017, das 7:30 as
9:00 da manhd. O material vegetal foi encaminhado para o laboratorio, submetido a limpeza e

pesado.

2.2 Preparacéo dos extratos

A técnica utilizada para preparacao dos extratos aquosos das folhas e cascas do caule de Z.
joazeiro (EAFZJ e EACCZJ) foi maceracdo com extracao a frio, descrito por [16]. Folhas frescas
foram cortadas, para aumentar sua superficie, e as cascas do caule passaram por secagem em
temperatura ambiente e trituradas em moinho mecénico. Posteriormente ambos foram adicionados

em agua destilada e estéril. Acondicionados em recipiente protegido da acdo da luz e o do ar, e
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apos 72h foram filtrados, congelados e levados ao liofilizador (-60°C). Produzindo um extrato

bruto de 39,99 e 111,58¢ respectivamente.

2.3 Prospecgdo quimica qualitativa

Os ensaios quimicos foram utilizados para a analise qualitativa da presenca de metabolitos
secundarios. Os testes de deteccdo para avaliar a presenca de fenois, taninos, flavonoides,
alcaloides, esteroides foram realizados de acordo com o método descrito por [17]. Os testes sdo
baseados na observacao visual de modificacdes de cor e na formacdao de precipitado apos a adicéo
de reagentes especificos. O teste Liebermann - Burchard foi utilizado para a detec¢do de esteroides

e/ou triterpenoides, pelo método adaptado de [18].

2.4 Ensaios antiflingico

2.4.1 Cepas e meios de cultura

As linhagens padrbes foram obtidas da Colecdo de Cultura Oswaldo Cruz (FIOCRUZ)
do Instituto Brasileiro de Controle de Qualidade em Saude (INCQS), Candida albicans INCQS
40006, Candida tropicalis INCQS 40042 e linhagens isoladas foram obtidas da Micoteca URM —
University Recife Mycology da Universidade Federal de Pernambuco, Candida albicans URM
4387, Candida tropicalis URM 4262. As estirpes foram inoculadas em Sabouraud Dextrose Agar
(SDA, KASVI) e incubadas durante 24 h a 37°C. Posteriormente, pequenas aliquotas de levedura
foram transferidas para tubos de ensaio contendo cada um 3 mL de solu¢éo salina estéril (0,9%).
A concentra¢do do indculo foi padronizada comparando-se a escala 0.5 de McFarland [19]. O
Caldo Sabouraud Dextrose (SDB, HIMEDIA), duplamente concentrado foi utilizado nos testes de

microdiluicdo.

2.4.2 Drogas, reagentes e preparacao de solucoes

A solucdo dos produtos foi preparada pesando-se 0,15 g de cada extrato e depois diluindo-
se em 1 mL de dimetil sulfoxido (DMSO, Merck, Darmstadt, Alemanha). Para obter a
concentracdo desejada para os testes, os extratos foram diluidos em agua destilada estéril (16,384
pg/mL) de modo que a concentragdo de DMSO néo exercesse qualquer atividade nas células dos
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testes [20]. O fluconazol antifungico (Capsula — Prati donaduzzi), diluido em agua, foi utilizado

como medicamento de referéncia.

2.4.3 Determinacao da I1Cso e obtencao da curva de viabilidade celular

Foi realizado pelo método de microdiluicdo em caldo em placas de 96 pocos. Cada poco
foi preenchido com 100 puL de CSD contendo 10% de inoculo fangico e, em seguida, foram
adicionados 100 uL do produto natural (16.384 pug/mL) ou fluconazol (referéncia antifiingica) na
mesma concentracdo, ao primeiro poco seguido a diluicdo em série. As concentragcdes nos po¢os
variaram de 8 a 8,192 pg/mL. O ultimo pogo ndo continha nenhum produto ou medicamento e
serviu de controle de crescimento normal [21]. Foram também preparados controles para o diluente
dos produtos (com solucéo de Cloreto de sodio 0,9% em vez de indculo) e 0 meio estéril. Todos
os testes foram realizados em quadriplicata. As placas foram incubadas a 37 °C durante 24 h e
posteriormente lidas num espectrofotometro ELISA (Thermoplate®) a um comprimento de onda
de 630 nm. Os resultados obtidos na leitura ELISA foram utilizados para construir a curva de

viabilidade celular e a ICso dos extratos aquosos de Z. Joazeiro [22].

2.4.4 Determinacéo da Concentragdo Fungicida Minima (CFM)

Uma haste estéril foi inserida em cada pog¢o da placa do teste anterior (exceto no controle
de esterilidade). Depois de misturar o meio em cada poco, a haste foi levada a uma placa de Petri
contendo SDA, com auxilio de uma cartela guia fixada no fundo da placa para a subcultura de
levedura e verificando a viabilidade celular. Ap6s 24 h de incubacdo, as placas foram
inspecionadas para qualquer formagao de colonias de Candida [23]. A concentracdo em que nao

houve crescimento de coldnias de fungos foi considerada a CFM dos extratos aquosos.

2.4.5 Avaliagéo do efeito modificador da agdo do fluconazol

Inicialmente foi verificada a acdo intrinseca de cada extrato e do fluconazol sob o
crescimento de leveduras e neste ensaio foi avaliado o efeito da combinagdo dos extratos com a
droga de referéncia, para constatar se houve ou ndo potencializacdo da acao do antifangico pelos
extratos. Para tanto, utilizou-se os extratos em concentracdo subinibitéria (CFM/16), de acordo
com a metodologia utilizada por [24] com modificacOes. Caso 0s extratos potencializasse a acao

do antifingico, o efeito verificado seria considerado do tipo sinérgico, caso prejudicasse a atuacéo
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deste, ficaria constatado um efeito antagdénico. As placas foram preenchidas com 100 pL de meio
+ in6culo + extratos e em seguida microdiluidas com 100 pL do fluconazol na concentracédo de
16,384 pg/mL. O volume foi adicionado em cada primeiro pogo da coluna, para que sofresse
diluicdo seriada em concentra¢des que variaram de 8,192 a 8 pug/mL. O ultimo pogo foi destinado
ao controle de crescimento fangico. Foram realizados controles de dilui¢do do extrato (inoculo
substituido por salina) e controle de esterilidade do meio. A 1Cs do fluconazol também foi
determinada para fins comparativos, sendo necessario também realizar o controle de diluicdo. As
placas foram incubadas a uma temperatura de 37 °C por 24 horas. A leitura foi realizada em

aparelho de espectrofotometria de ELISA (Thermoplate®) [22].

2.5 Analise estatistica

Os dados foram analisados através do software Graphpad Prism, v. 5.0. Foram verificados
quanto a sua distribuicdo normal e depois analisados por ANOVA de duas vias (P < 0.05; *P < 0.1;
****pP < (0.0001), comparando os valores para cada concentra¢do do extrato, ponto a ponto, com
0 teste post hoc de Bonferroni. Os valores de 1Cso foram obtidos por regressédo ndo linear com
interpolacédo de incognitas de curvas padrdo obtidas a partir dos valores do crescimento fangico

em funcéo da concentragdo do extrato e expressos em ug/mL.

3. Resultados

A caracterizagdo fitoquimica dos extratos aquosos de Ziziphus joazeiro, evidenciou a
presenca das classes de metabolitos secundarios, como fendis, flavonoides e triterpenoides (Tabela
1).

Em estudo realizado com UPLC-ESI-QTOF-MS no modo i6nico negativo, foi possivel
identificar no extrato aquoso das folhas de Ziziphus joazeiro, 10 flavonoides (Catequina,
Miricetina-O-rutinosideo, Miricetina-O-hexosideo, Rutina, Quercetina-O-Glucosideo,
Quercetina-O-hexosideo, Isoramnetina-O-rutinosideo, Isoramnetina-O-hexosideo, kaempferol-O-
(sinapoyl)sophoroside, kaempferol 3-O-(feruloyl)sophorosid e,), 4 saponinas (Tetraglicosideo
Diogenina e derivados de saponinas), 1 acido fendlico (Acido dihidroxibenzoico pentoside) e 1
composto nitrogenado (5-alil-1-(2,3,4 — tris-O- benzoilpentafuranosil) — 2,4(1H,3H) —

Pirimidinadiona). J& no extrato aquoso das cascas do caule de Ziziphus joazeiro, foi possivel a
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identificacdo de 3 derivados de saponinas (ANDRADE et al., 2019). A Figura 1, apresenta a
estrutura quimica dos principais compostos das classes presentes na composic¢éo fitoquimica dos
extratos.

Nos ensaios antifangicos frente Candida albicans INCQS 40006 e URM 4387, verifica-se
na curva de viabilidade celular (Figura 02), que ambos extratos apresentaram inibicdo de
crescimento fingico com o aumento da sua concentracao.

Em uma analise comparativa dos extratos, é possivel avaliar uma a¢do mais relevante do
EACCZJ, que frente Candida albicans INCQS 40006, apresentando inibi¢do de mais de 50% do
crescimento em 512 pg/mL, tendo agdo semelhante ao fluconazol na concentracéo de 1024 pg/mL.
Nessa mesma concentracdo o EAFZJ, ndo obteve inibicdo nem 50% do crescimento flngico,
chegando a essa inibicdo, s6 na maior concentracdo utilizada de 8192 pug/mL para ambas cepas.

Os resultados para Candida albicans URM 4387, sdo equivalentes, onde o EACCZ]J,
apresentou inibicdo relevante em 512 pg/mL, acompanhando a partir dessa concentragdo a agao
de inibicdo do fluconazol.

Nenhum dos extratos avaliados, em relagdo a concentracdo fungicida minima, apresentou
efeito fungicida, uma vez que, ndo ocorreu inibigdo, mas sim, diminui¢do do crescimento fungico
das cepas de Candida. Assim o efeito antifngico observado, é denominado de fungistatico, com
concentracdo fungicida minima de > 8192 pg/mL.

O EACCZJ se destaca quando comparado ao EAFZJ, frente as cepas de Candida tropicalis
(Figura 03), no entanto o0 EACCZJ, s6 apresenta diminuicdo de 50% da viabilidade celular das
cepas, na concentragdo de 4096 pg/mL. Em contrapartida o fluconazol, demonstra inibigcdo
significativa a partir de 64 pg/mL, para Candida tropicalis INSQC 40042 e 32 pg/mL para URM
4262.

Na avaliacdo do potencial modificador da acdo antifingica dos extratos sobre o fluconazol,
frente as cepas utilizadas de Candida (Figura 04), é possivel verificar, em CA 40006 que a
combinacdo da droga de referéncia com os extratos em concentragdes sub-inibitdrias, ndo
demonstra uma atuacao significativa, quando comparado com a droga sozinha. Ja em frente a CA
URM 4387, o efeito modulador do EAFZJ sobre o fluconazol, obteve comportamento semelhante
a droga isolada, potencializando a acéo entre as concentragdes de 32 a 256 pg/mL.

A acdo modulatéria nas cepas de Candida tropicalis (Figura 05) ndo apresentou

potencializagdo nas combinagdes entre os extratos e a droga. Sendo possivel verificar uma
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diminuicdo da acdo do fluconazol quando combinado com ambos 0s extratos. Em uma anélise
comparativa, a combinacdo com o EACCZJ, apresentou um aumento na curva de viabilidade
celular, caracterizando um antagonismo, nas concentracdes de 8 a 2048 pg/mL, para CT INCQS
40042 e CT URM 4262.

A Tabela 2, mensura os valores ICs dos extratos, demonstrando que de forma isolada os
EAFZJ e EACCZJ possuem uma concentracdo inibitoria minima muito alta em relacdo ao efeito
de inibicdo do Fluconazol, tendo ICso variando de 450,60 a 9040,94 pg/mL. Quando combinado
com fluconazol, foi observado uma diminui¢do na concentragdo inibitéria minima de ambos 0s
extratos, no entanto, o EAFZJ frente a CA URM 4387, revelou uma ICso bem proxima ao

fluconazol de 2,83 pg/mL.

4. Discussdes

Em caracterizagdo fitoquimica das folhas, entrecascas e cascas de Z. joazeiro foram
identificados em quantidade consideravel flavonoides, esteroides, taninos, alcaloides e saponinas
[25].

Alguns trabalhos realizaram analises por cromatografia liquida de ultra eficiéncia (UPLC),
com o género Ziziphus da familia Rhamnaceae, alguns trabalhos corroboram com a composi¢do
guimica encontrada nos extratos em estudo, como em Ziziphus mauritiana [26-27], Ziziphus jujube
[28] e Ziziphus jujuba [29-30].

Dos metabolitos encontrados, na caracterizacdo quimica dos extratos os triterpendides e
flavonoides sdo apontados como substancia com potencial antifungico [31-32].

A atividade antifungica referente aos compostos terpendides, como as saponinas, esta
ligada a desorganizacdo da membrana, levando a lise celular, aléem de realizarem interacdo com
esterdides [33]. Ja os flavonoides, possivelmente possuem a capacidade de desestabilizar as
membranas dos fungos, devido a sua natureza lipofilica, além de serem capazes de formar
complexos com proteinas solUveis presentes nas paredes das células fungicas [34-35-36].

Em comparacdo com os ensaios antifangicos, em estudo realizado por [25], saponinas
isoladas do caule de Ziziphus joazeiro, apresentaram atividade antifungica contra Candida
albicans ATCC 10231, possuindo uma concentragdo inibitoria minima de 156 pg/mL.

Em estudo desenvolvido com espécies de Candida ndo-albicans, como Trichophyton

rubrum e Candida guilliermondii, foi avaliado a acdo anitiflngica do extrato aquoso das casca de
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Ziziphus joazeiro, apresentando resultados semelhantes a anfotericina B, que foi utilizado como
medicamento de referéncia [14].

O efeito potencializador do EAFZJ sobre o fluconazol, pode ser evidenciado devido ao seu
carater, mas polar, que é consequéncia da presenca de flavonoides em sua composicao fitoquimica,
além de possuir nessa composicdo, classes dos flavonoides, que estdo ligadas a atividade
antifangica como os flavonadis, que sdo apontados com atividade contra C. albicans, além de outras
espécies de Candida ndo-albicans [37].

No estudo de [31], também foi avaliado o efeito modificador da agdo do fluconazol, frente
a cepas de C. tropicalis. A combinagdo sinérgica entre flavonoides isolados e fluconazol, obteve
resultados diferentes dos citados nessa pesquisa, demostrando o potencial dos flavonoides como

agente efetor de sinergismo do fluconazol.

5. Conclusao

Avaliando de forma geral percebemos que a acdo antifungica dos extratos utilizados frente
as cepas candida spp. possuem valores de CIM maiores que os valores do antifingico de
referéncia. No entanto, levando em consideracdo que sdo extratos brutos, rico em uma
complexidade quimica, demonstraram um efeito antifingico e propriedades que consolidam o
aspecto etnobioldgico da espécie Ziziphus joazeiro. Em uma avaliagdo comparativa entre 0s
extratos, 0 EACCZJ apresentou valores mais significativos, em relacédo a atividade antifingica,
quando utilizado de forma isolado. Ja 0 EAFZJ, se destacou quando utilizado em combinacdo com
o fluconazol, apresentando-se como agente efetor de sinergismo do fluconazol, frente a candida
albicans. Frente a Candida tropicalis, foi evidenciado antagonismo de ambos extratos. Assim,
outros estudos se fazem necessarios para entender e destacar 0s mecanismos de interacao extrato

e droga.
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Figuras

Figura 1. Estrutura quimica dos principais compostos das classes (A) Acido Fendlico (B) Flavonoides (C) Saponina e (D) composto nitrogenado presente na

composicao fitoquimica dos extratos aquosos de Ziziphus joazeiro Mart.
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Figure 2. Curva de viabilidade celular de cepas Candida albicans sob o efeito dos extratos aquosos de Ziziphus

joazeiro Mart.
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Figure 3. Curva de viabilidade celular de cepas Candida tropicalis sob o efeito dos extratos aquosos de Ziziphus
joazeiro Mart.
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Figure 4. Curva de viabilidade celular de cepas Candida sob o efeito da combinag&o doa extratos aquosos de Ziziphus joazeiro Mart. com antiflingico padrao.
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Tabelas

Tabela 1. Prospeccdo fitoquimica dos extratos aquosos de Ziziphus joazeiro.

Metabolitos
Extratos 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

EAFZ) + - + - 4+ + o+ - 4+ 4+ - -+ o+ 4+
EACCZ] - - - - 4+ 4+ 4o+ 4o+ o4

1- Phenols; 2- Tannin pyrogallates; 3- Condensed tannins; 4- Anthocyanidins; 5- Leucoanthocyanidins; 6 -
Flavones; 7 - Flavonols; 8 - Flavononols; 9 - Flavonones; 10 - Xantones; 11 - Aurones; 12 - Chalcones; 13 -
Catechins; 14 - Alkaloids; 15 — Steroids and/or triterpenoids; (+) presence; (-) absense; EAFZJ: Extrato Aquoso

das Folhas de Ziziphus joazeiro EACCZJ: Extrato Aquoso das Casca do Caule de Ziziphus joazeiro;

Tabela 2 . 1Csp (ug/mL) dos extratos aquosos de Ziziphus joazeiro isolados e combinados com Fluconazol, frente a

diferentes estirpes de Candida

Produtos testados

Candida albicans

Candida tropicalis

INCQS 40006 URM 4387 INCQS 40042 URM 4262
Fluconazol 21,24 2,72 41,81 14,54
EAFZ) 5889,00 6035,63 9040,94 5453,83
EACCZ) 480,30 450,60 2193,62 3026,91
EAFZJ+FCZ 506,64 2,83 378,40 937,72
EACCZJ+FCZ 53,75 173,40 2654,00 2632,00

*EACCZJ: Extrato Aquoso das Casca do Caule de Ziziphus joazeiro; EAFZJ: Extrato Aquoso das Folhas de Ziziphus
joazeiro; FCZ: Fluconazol; INCQS: Instituto Nacional de Controle de Qualidade em Satde. URM:
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Abstract

The aim of this study is to verify the action of the aqueous leaf extract Ziziphus joazeiro in the
eradication of bacterial and fungal biofilms, and to compare these with the effects of aqueous
bark and stem bark extracts, as well as with conventional standard drugs. The presence of
secondary metabolites was observed through phytochemical prospection assays. The effect of
the aqueous extract on microbial biofilm formation was observed by OD600nm absorbance and
the crystal violet assay. For bacterial and fungal biofilms, chlorhexidine gluconate and
fluconazole, respectively, were used as positive controls. Phytochemical characterization
showed the presence of secondary metabolite classes common to both extracts such as
flavonoids, steroids and saponins. In particular, in the aqueous leaf extract phenols, condensed
tannins and alkaloids were observed. Eradication results using the aqueous leaf extract showed
an inhibition of the microbial biofilm mass, moreover the biofilms were more sensitive to the


mailto:hdmcoutinho@gmail.com

107

bark extract, which presented a greater inhibition number and an action similar to standard drugs.
It is important to highlight the leaf extract showed significant eradication at the lowest
concentrations for mature yeast biofilms, thus demonstrating its potential to modify microbial
resistance susceptibility. Bacterial and fungal biofilm eradication results using the Ziziphus
joazeiro aqueous extracts presented a biofilm inhibition effect for both, moreover the results
support the ethnopharmacological knowledge surrounding the use of Ziziphus joazeiro stems in
the community. In comparison, the bark extract presented a more effective treatment than the
leaf extract against biofilms, presenting inhibition levels similar to the used standard drugs.

Keywords: Microbial biofilms; Stem bark; Ethnoknowledge; Leaf; chlorhexidine gluconate;
saponins.

INTRODUCTION

Biofilms are microbial ecosystem complexes characterized by one or more microbial cell
community, covered by an extracellular polymeric structure which adheres to a biotic and/or
abiotic subtract.'?

This complex represents one of the main microbial resistance mechanisms, due to
evolutionary advantages this confers to it, especially protection against extreme conditions, such
as lack of nutrients, pH and temperature changes, free radicals and ultraviolet radiation, in
addition to the action of antibiotics and even the action of the host's immune system.?

Biofilm development is a serious healthcare concern given persistent infections,
comprising roughly 80% or more of microbial infectious cases.*®

Bacterial infections caused by biofilm proliferation such as chronic, nosocomial and
medical device associated infections, have an increased resistance to conventional antibiotics
when compared to isolated infections.® Among the bacterial resistance mechanisms, biofilms
induce physiological changes in response to scarcity, stimulate efflux pump expression,
participate in quorum sensing and provides an environment for genetic interaction and transfer,
thus contributing to the dissemination of tolerance mechanisms against various drugs of clinical
interest.”

Infections caused by the Candida genus represent the fourth greatest cause of infections
associated with healthcare.® Candida spp. pathogenicity is directly linked to its virulence factors,
such as dimorphism, extracellular enzyme production, their ability to adhere to surfaces and
their ease in forming biofilms. Biofilm formation is the main clinical repercussion, especially

due to the increased resistance of certain species to antifungal therapy.°
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Therefore, biofilms represent a source of infection and are associated with a growing
mortality index when compared to the same species isolate which does not form a biofilm.

In this context, the implementation of natural products with a therapeutic focus, which
are already used by the population, occurs due to the high antimicrobial resistance incidence.
Plant extracts are being increasingly studied and considered as possible sources of new
compounds with antimicrobial activity.'?

According to ethnobiological studies, Ziziphus joazeiro Mart. is an endemic plant from
the Caatinga, commonly used as an oral antiseptic,'® antimycotic,'* expectorant, as well as in
the treatment of bronchitis and gastric ulcers.'®

Ziziphus joazeiro Mart. is commonly used by the population in oral hygiene and
gingivitis treatment. Plant parts, especially the bark and stem bark, are triturated and used for
tooth brushing. From conservative point of view, the incorrect practice of stem removal may
lead to girdling, a process of total or partial removal of the bark in the circumference of the plant,
which impedes nutrient and water flow, resulting in tissue dehydration, in addition to leaving
the plant exposed to pest and microorganismal attacks causing plant death.® In turn, the leaves
are used for the manufacture of anti-dandruff shampoo and capillary tonic, as well as for washing
utensils.t-18

Buccal cavities possess a vast and diverse microbial flora, composed by bacteria and
fungi, with Streptococcus mutans, Staphylococcus epidermidis and yeasts such as Candida spp.
being commonly found. These coexist, interact and grow in biofilms, which can range from a
simple dental plaque to other oral diseases, such as periodontal disease, endodontic infections,
angular cheilitis and prosthetic stomatitis.*°

Ziziphus joazeiro bark and leaves have in their phytochemical constitution, saponins,
which in aqueous solutions form persistent and abundant foam, this being responsible for the
property that makes the Ziziphus joazeiro stem bark be used by the population for dental
brushing.8

Due to the Ziziphus joazeiro traditional medicine application and the continuous removal
of its stem bark by the population, it is necessary to validate the use of another Z. joazeiro part
in order to minimize stem bark usage. Therefore, the aim of this study is to verify the action of
the aqueous leaf extract against microbial resistance in the eradication of bacterial and fungal
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biofilms, and to compare this with the aqueous stem bark extract and chlorhexidine gluconate

effects, a chemical already used in oral hygiene, as well as fluconazole.

MATERIALS AND METHODS
Collection area and plant material

Ziziphus joareizo Mart. leaves and stem barks were collected from Sitio Ipueiras, located
in the rural area of the Brejo Santo municipality, South of Ceara, Brazil, at the foot of the
Chapada do Araripe, with geographic coordinates 07°28°54.4”S/ 39°01°47.2”W. Collections
took place in February 2017. A species sample was deposited in the Dardano de Andrade Lima
Herbarium of the Regional University of Cariri - URCA under n°13.346 and identified as

Ziziphus joazeiro Mart. (Rhamnaceae).

Extract preparation

Z. joazeiro leaf and stem bark aqueous extracts (EAFZJ and EACCZJ) were produced
by cold extraction maceration.?’ Fresh leaves were cut and the stem barks were dried at room
temperature and crushed in a mechanical mill. Posteriorly, both were added to distilled sterile
water, packaged in a container protected from light and air, and after 72 hours, the extracts were
filtered, frozen and taken to a lyophilizer (-60 °C).

Qualitative chemical prospection

Chemical assays qualitatively analysed the presence of secondary metabolites. The
method based on Matos 2! evaluated the presence of phenols, tannins, flavonoids, alkaloids,
steroids. To verify steroids and/or triterpenoids, the Liebermann - Burchard test was performed

using an adapted method from Campbell and Shawn.??

Biofilm production evaluation and bacterial strain eradication
Used strains

Six bacterial lineages were used: Streptococcus mutans INCQS 00446 (ATCC 25175),
Enterococcus faecalis INCQS 00018 (ATCC 14506) and Staphylococcus epidermidis INCQS
00016 (ATCC 12228), obtained from the Microorganism Collection Reference in Sanitary
Surveillance (CMRVS), Oswaldo Cruz Foundation - FIOCRUZ - INCQS, Rio de Janeiro, RJ;
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Staphylococcus aureus ATCC 25923, Pseudomonas aeruginosa ATCC 9027 and Escherichia
coli ATCC 259223, obtained from the Mycology Laboratory of the Federal University of
Paraiba (UFPB). To perform the assays, each sample was subcultured in a BHI agar environment
and incubated at 37 °C for 24 hours, after which a small amount of cells were removed and
diluted in 0.9% NaCl and adjusted in a spectrophotometer (600 nm) to a concentration of 5 x
10° CFU/mL (5 x 10* CFU/uL well).

Solution preparations for Biofilm assays
Product solutions were prepared through a 20mg and 2mg dilution for each extract, with
concentrations ranging from 2mg/mL to 0.2mg/mL. 0,12% Chlorhexidine gluconate (Kley) was

used as the standard reference antibiofilm.

Biofilm formation induction

Induction was performed according to the methodology by Trentin et al.?® with some
modifications. For biofilm production, 96-well microdilution plates were used. 20 pL of 0.85%
NaCl, 20 uL of the bacterial inoculum and 160 pL of the brain-heart infusion (BHI) broth
medium were added to each well and were incubated for 24 h at 37 °C. After incubation, the
contents were removed and the dishes were washed three times with sterile 0.85% saline with
the biofilms being fixed by incubating at 55 °C for 1h.

Biofilm formation evaluation

Biofilm formation using isolates were evaluated by the Violet Crystal method described
by Stepanovic et al.?* in different culture medium and formation surfaces using microtiter plates.
Through optical density (OD) readings, average absorbance values were determined for each
sample (ODa), compared to the absorbance of the sterility control (ODc). Samples were
classified as strongly (4x ODc <ODa), moderately (2x ODc <ODa <4x ODc) and weakly (ODc
<ODa <2x 0ODc) biofilm forming agents. Isolates presenting absorbance values equal to or lower

than the control were classified as non-biofilm producers.

Biofilm treatment
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After biofilm preparation, 20 pL of the different extract concentrations and of
chlorhexidine gluconate were added to the microtiter plate with 20 uL of the bacteria and 160
uL of the brain-heart infusion broth (BHI) growing media. The plate was incubated for 24 h at
37°C, where the contents were removed after incubation and the plate was washed three times
with 0.85% saline solution, incubated at 55°C for 1 h, and colored with 0.4% CV for 15 min.
This was subsequently washed three times with saline solution and eluted in ethanol (100%).

The reading was performed with an absorbance of 570 nm.

Statistical analysis

Statistical analysis were performed using the software Graphpad Prism, v. 5.0. Data
were analyzed using the arithmetic mean of the absorbances obtained from each extract for each
bacterium in up to 8 replicates. Data were subsequently analyzed using a one-way ANOVA (P
<0.05; *P<0.1; ****P<0.0001), followed by Tukey's post-hoc test. Each variable was compared

to the biofilm growth control and chlorhexidine gluconate.

Biofilm Production Evaluation and Candida genus eradication
Used strains

Standard lineages were obtained from the Oswaldo Cruz Culture Collection (FIOCRUZ)
of the Brazilian Institute of Quality Control in Health (INCQS). Candida albicans INCQS
40006, Candida tropicalis INCQS 40042 and isolated strains were obtained from the Culture
collection of the Federal University of Pernambuco - URM (Recife Mycology University)
Candida albicans URM 4387, Candida tropicalis URM 4262. The strains were inoculated in
Sabouraud Dextrose Agar (SDA, KASVI) and incubated for 24 h at 37 °C. An initial suspension
was subsequently prepared in 5 mL of sterile saline solution (NaCl, 0.85% saline) and its density
was adjusted according to the 0.5 MacFarland scale with 90% transmittance determined by
spectrophotometry, using a wavelength of 530 nm. This provides a standard yeast concentration

containing from 1 x 108 to 5 x 10° cells per mL.

Preparation of solutions for biofilm assays
Products solutions were prepared through dilution of 0.15¢g of each extract followed by
further dilution in 1 mL of dimethyl sulfoxide (DMSO, Merck, Darmstadt, Germany). The tested
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concentrations varied from 16.384ug/mL to 128ug/mL. Fluconazole (Pfizer) was used as

reference antifungal drug with concentrations varying from 64ug/mL to 0.5ug/mL.

Qualitative evaluation of Candida spp. biofilm development

Qualitative evaluation of biofilm formation capacity was performed using the visual
method adapted from Shin et al.?® After seeding the isolates in Sabouraud agar medium and
preparing the suspensions as described above, 20ul. were inoculated into 180uL of liquid
Sabouraud contained in the microplate wells, which were maintained at 35°C for 24h and 48h
without shaking. The contents were then aspirated and the wells were washed with distilled
sterile water and a Fuchsin dye (QEEL-Specialized Chemistry Erich Ltda.) was added to
perform the evaluation according to the intensity of the staining. Staining was evaluated visually
and classified as follows: 1) Strongly stained: when the biofilm was intensely stained allowing
the correct determination of the contour of the areas containing the biofilm; 2) Average staining:
when the biofilm was stained more weakly but still allowed the determination of the contour of
the areas containing the biofilm; 3) Poor staining: when the biofilm was not stained making it
impossible to distinguish the color of the plate and the characteristic colour of the stain. The

interpretation represented a strong, moderate and weak biofilm formation activity, respectively.

Biofilm formation induction

96-well microdilution plates were used for biofilm production where, 20 uL of the
suspensions were transferred to microplate wells containing 180 puL of YPD (Yeast extract -
Peptone-Dextrose). The plates were incubated at 37°C for 48 hours. Following the incubation
time, the wells were carefully aspirated and washed twice with 200uL of PBS buffer.

The prewashed wells were stained with 110 puL of 0.4% aqueous violet crystal solution
for 45 min. Thereafter, they were washed three times with 200 pL of ultrapure sterile water
(Milli-Q) and the biofilm was discoloured using 200 pL ethanol for 45 minutes. At the end, 100
pL from each well were transferred to a new microplate and biofilm formation was evaluated
using the optical density difference between the biofilm formed and the control well, by reading
the absorbance in a spectrophotometer adjusted with a wavelength of 595 nm. Each strain was
tested three times and the absorbance values of the control well were subtracted from the tested

wells to minimize interference.?
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Biofilm treatment

Biofilms were formed onto microdilution plates, as aforementioned. After a 48h period,
wells with biofilms were filled with 200uL of the eight Ziziphus joazeiro (EAFZJ and EACCZJ)
aqueous extracts and Fluconazole serial dilutions. The extracts and standard drug were diluted
in RPMI 1640 to achieve each concentration. Untreated biofilm wells and biofilm free wells
were included as positive and negative controls respectively. The microdilution plates were
incubated for 24 h and 48 h at 35 °C. After each period, the biofilm was quantified as previously

described.?’

Statistical analysis

For statistical analysis, the Graphpad Prism v. 5.0. software was used. Data were
analyzed using the arithmetical mean from triplicates for each tested concentration and
posteriorly analysed using a two-way ANOVA (P<0.05; *P<0.1; ****P<(0.0001), comparing
values for each extract concentration, point by point, using Bonferroni’s post-hoc test. A general
behaviour comparison for each substance against the tested strains was inferred through the

already cited analysis.

RESULTS

Aqueous extract production from the stem and leaves presented a yield of 9.51% and
8.54%, respectively.

EAFZJ and EACCZJ phytochemical characterization saw the presence of secondary
metabolite classes common to both extracts such as flavonoids (leucoanthocyanidins, flavones,
flavonols, flavononols, flavonones, xanthones, catechins), steroids and saponins. In particular,
phenols, condensed tannins and alkaloids were observed in the EAFZJ.

Table 1 and Figure 1 show the biofilm formation capacity of the tested bacterial strains,
including Escherichia coli which presented minimal biofilm formation, being eliminated during
treatment assays.

In the Streptococcus mutans biofilm eradication (Fig. 2), the extracts presented a lower
biofilm growth percentage than the growth control at all concentrations used. Treatment with
EAFZJ) and EACCZJ at a concentration of 0.2 mg/ml inhibited biofilm mass by 46.4% and
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48.5%, respectively, presenting a similar action than chlorhexidine gluconate, with an inhibition
of 46.8%.

The 0.2 mg/ml EAFZJ concentration was the only one which presented biomass
reduction compared to the growth control against Enterococcus faecalis (Fig. 3) biofilms;
however, its inhibition was not significant, when compared to chlorhexidine.

As for Staphylococcus biofilm treatment (Fig. 4), a significant inhibitory extract effect
was observed against Staphylococcus epidermidis biofilms, when compared to the growth
control, with 0.2 mg/ml EAFZJ and EACCZJ concentrations inhibiting biofilm mass by 40%
and 36.5%, respectively. However, these did not present a significant result when compared to
the standard reference drug, chlorhexidine gluconate, which inhibited 74.5% of biofilm
formation.

Results from the extracts’ influence on Pseudomonas aeruginosa biofilm formation are
shown in figure 5. All extract concentrations used in the treatment presented significant results
against the positive control, with 2 mg/ml EAFZJ and EACCZJ concentrations inhibiting
biofilm formation by 45.8% and 45.3%, and the 0.2 mg/ml concentrations inhibition biofilm
formation by 46.4% and 73%. EACCZJ biofilm mass inhibition approached the inhibition of
chlorhexidine gluconate, which showed a reduction of 80%.

The EAFZJ eradication results demonstrate bacterial biofilm mass inhibition, however,
biofilms were more susceptible to the EACCZJ extract, which presented higher inhibition
numbers and an action similar to that of chlorhexidine gluconate against the tested strains.

The biofilm formation capacity of clinical Candida spp isolates are shown in Table 2,
with the interpretation being performed taking into account colour intensity.

Figure 6 presents the biofilm induction results obtained based on optical density values,
with all yeast isolates being capable of forming biofilms within 24 and 48 hours, with different
intensities. C. tropicalis isolates presented, when statistically compared to others, a higher
capacity for biofilm production URM 4262 (2.494 nm) and INCQS 40042 (2.487 nm), followed
by C. albicans INCQS 40006 (1.780nm) and URM 4387 (1.873nm).

Treatment of biofilms formed by C. albicans (Fig. 7) isolates demonstrate significant
inhibition (58.8%) by the EACZJ against the INCQS 40006 strain, 24h, at the lowest
concentration, when compared to the EAFZJ (14.6%). At 48h, inhibition using both EAFZ]J

concentrations is noticeable, with the effect at the highest concentration standing out, obtaining
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an inhibition value of 94.4% (59.9% for the EACZJ; 72.2% for fluconazole). For URM 4387
isolates, inhibition occurs only in the 24h biofilm formation assays, using a concentration of 128
pg/mL; the EACZJ presented a percentage inhibition of 61.1%, being statistically the best result
when compared to the EAFZJ (8.7%) and fluconazole (10.6%). At the 16.384 pg/mL
concentration, an inversion of the results was observed with the EAFZJ standing out against the
EACZ]J, obtaining an 88.4% inhibition, a result similar to the standard drug (99.1%).

Figure 8 shows the C. tropicalis biofilm formation results for the INCQS 40042 strain,
24 h, with biofilm reduction occurring at the lowest and highest EACZJ concentrations,
inhibiting biofilm formation by 59.1% and 74.4%, respectively. Thus presenting significant
inhibition when compared to EAFZJ (7.9% and 38.9%) and the conventional antifungal (25.5%
and 69.3%). In the 48 hours assay, the lowest EAFZJ concentration induced an inhibition of
75.5%, standing out from the EACZJ (35.1%) and fluconazole (25.5%). Treatment with the
URM 4262 isolate was statistically relevant at 24h with the 128 pg/mL concentration, where the
EACZJ reduced biofilm biomass by approximately 90.5%.

With the results in mind, the EAFZJ presented a greater biofilm formation inhibition in
the 48h assays, that is, in mature biofilms, whereas the EACZF acted in intermediate biofilms
formed within 24h. In addition, the EACZJ inhibitory actions over biofilms formed by Candida

isolates, occurred in greater numbers when compared to the EAFZJ.

DISCUSSION

Phytochemical analysis using Ziziphus joazeiro leaves, bark and stem bark extracts
report the presence of flavonoids, alkaloids, steroids, tannins, saponins, carbohydrates and
cellulose.?®3t

Several phenolic compounds such as flavonoids, tannins and saponins, present
antimicrobial activity and act as fungal and bacterial biofilm formation inhibitors and biomass
inhibitors. 333

The probable secondary metabolite antimicrobial and antibiofilm mechanisms of action
are listed as cytoplasmic membrane trauma, effective inhibition of cell metabolism enzymes and
microbial aggregation inhibition.3

Bacterial biofilm formation capacity is determined by the particulars of each species and

by a variety of adhesion site factors.>*Albano et al.’® cite Staphylococcus epidermidis,



116

Staphylococcus aureus and Pseudomonas aeruginosa as species with a high proliferation
capacity in medical devices and biofilm development, within clinically relevant biofilm
formation bacterial strains.

Candida spp. biofilm formation is species-dependent, this meaning, biofilm formation is
conditioned to the species type and environmental conditions, where Candida albicans and non-
albicans strains create biofilms in a similar way, though with well-defined characteristics.®
Candida albicans and Candida tropicalis are the Candida’s species which most form biofilms.%’

C. albicans isolates possess thicker and less compact biofilms, with the presence of
yeasts in basal parts and filamentous forms in superior parts.’° C. tropicalis biofilms are an
agglomerate of cells and filaments, with these differences contributing to the pathogenic
potential of each lineage.®

The biofilm formation process in Candida spp. is separated into three steps: an initial,
intermediary and a mature phase. In the mature phase, specifically within 48 hours, the entire
biofilm is covered by the polymeric extracellular matrix and displays a three-dimensional
growth, where all resistance mechanisms are established and active in this phase.*

With respect to biofilm inhibition, the results support the ethnopharmacological data
highlighting the use of the Ziziphus joazeiro stem barks by the community as toothpaste.!’ In
contrast, studies carried out with Ziziphus joazeiro aqueous bark extracts “° and leaf essential
oils ** were not active against bacterial and fungal biofilms.

Some studies cite the antimicrobial activity of Ziziphus joazeiro,*2243 however, it is
important to note that to reduce biofilm biomass, inhibitory concentrations of up to ten times
greater than the usual concentrations needed to inhibit planktonic cells * are necessary.

In view of the bacterial biofilm eradication results, the 0.2 mg/ml concentration
presented the highest biofilm formation inhibition, when compared to the 2 mg/mi
concentration, probably due to a higher nutrient subsidy present in the higher extract
concentrations, such as proteins and polysaccharides, which instead of reducing, contribute to
biofilm development and formation.®

Among the extracts, the EACCZJ presented greater Streptococcus mutans and
Pseudomonas aeruginosa inhibition, inhibiting similarly or superiorly, when compared to
chlorhexidine gluconate. Chlorhexidine is an antimicrobial agent with a broad spectrum against

gram-positive and gram-negative bacteria, yeast, dermatophytes and some viruses.*
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Chlorhexidine gluconate is one of the most popular antiseptics used in the prevention
and inhibition of caries and gingivitis at concentrations ranging between 0.12% and 2%. Its
action against biofilms consists of microbial lysis, due to cellular permeability modifications or
coagulation of bacterial cytoplasmic compounds, in addition to reducing microbial adhesion to
contact surfaces.*64’

The significant EACCZ treatment results against some biofilm strains may be associated
with its chemical composition, especially secondary metabolites, such as saponins. These have
antimicrobial, insecticide and molluscicide properties, in addition to interacting with bacterial
membrane lipids and consequently increasing cellular permeability through channel formation
and/or membrane rupture.*2-4

Microscopy and biochemical studies performed by Parai et al.*® indicate Staphylococcus
aureus and Pseudomonas aeruginosa biofilm eradication may be associated with the loss of
extracellular polymer substances present in the bacterial biofilm matrix and alterations in cell
membrane integrity of the bacterial strains by saponins. The action of saponins in mature
Candida albicans biofilm eradication is reported by Sadowska et al.>°, who highlight a cellular
wall instability and reduced yeast adherence during biofilm formation.

When comparing isolated yeast biofilm formation periods, almost no biofilm biomass
inhibition was noticed in the 48h period with the highest concentration (16.384 pg/mL).
According to Gutierrez et al.>, a lower biomass reduction and/or biofilm increase when exposed
to an extract, is a specificity of yeast species, which produce marked filamentation in an attempt
to defend and enhance its virulence, to overcome stress and death by the presence of these natural
products.

The phytochemical extract composition is another factor, which may contribute nutrients
for extracellular matrix development, thus guaranteeing greater biofilm resistance. The matrix
from Candida species consists mainly of carbohydrates, proteins, phosphate and hexosamines;
the Ziziphus joazeiro aqueous extract possesses a considerable amount of carbohydrates. 8

A study performed by Paula-Mattiello et al.>?, using C. parapsilosis biofilms formed
between 6, 12 and 24 hours showed cell viability loss when these were treated with
ketoconazole, while biofilms from the same species were resistant to this antifungals after a 48h
period, thus showing a greater structural complexity of the mature biofilm.
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The treatment of mature biofilms by standard drugs and natural substances are mostly
ineffective, which is probably due to the complexity and resistance of their structure, such as the
extracellular matrix, which acts as a barrier neutralizing substances and the presence of resistant
cells at high concentrations, the persister, which collaborate with the resistance and insistence
of fungal biofilm infections.*

Thus, it is important to highlight the EAFZJ result, which showed a significant inhibition
against Candida biofilms formed within 48 h, this reduction being relevant given it shows a
change in mature biofilm susceptibility and resistance. The phytochemical composition of the
leaf extract revealed the presence of condensed tannins which, in mature Candida sp. biofilms,
can interact with polysaccharides, inactivating enzymes responsible for maintaining the

extracellular matrix, thus reducing biofilm mass and cell surface hydrophobicity.>*>°

CONCLUSION

Eradication of fungal and bacterial biofilms using the Ziziphus joazeiro aqueous extracts
indicate a biofilm inhibition effect for both fungi and bacteria. Moreover, results support the
ethnopharmacological knowledge regarding Ziziphus joazeiro stem bark usage by community.
The EACCZJ presented more effective results against biofilms than the EAFZJ, obtaining
inhibition values similar to standard drugs. Additionally, the EAFZJ presented significant
eradication of mature yeast biofilms, at the lowest concentrations, thus demonstrating its
potential in modifying microbial resistance susceptibility. Lastly, further studies addressing the

mechanisms of action of the aforementioned extracts against biofilms are necessary.
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Figure 1. Capacity of biofilm formation by bacterial strains by (%) growth.
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Figure 2. Eradication of Streptococcus mutans biofilm by aqueous extracts of Ziziphus joazeiro, compared to 12%
chlorhexidine gluconate. On the columns are the statistical relevance of the substance in relation: growth control /
chlorhexidine gluconate. p <0.05; * (p> 0.01); **** (p <0.0001); ns = not significant. GC. Growth control.
E.A.F.Z.J. Aqueous extract of the leaves of Ziziphus joazeiro. E.A.C.C.Z.J. Aqueous extract of the bark of the stems

of Ziziphus joazeiro.
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Figure 3. Eradication of Enterococcus faecalis biofilm by aqueous extracts of Ziziphus joazeiro, compared to 12%
chlorhexidine gluconate. On the columns are the statistical relevance of the substance in relation: growth control /
chlorhexidine gluconate. p <0.05; * (p> 0.01); **** (p <0.0001); ns = not significant. GC. Growth control.
E.A.F.Z.J. Aqueous extract of the leaves of Ziziphus joazeiro. E.A.C.C.Z.J. Aqueous extract of the bark of the stems
of Ziziphus joazeiro.
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Figure 4. Eradication of Staphylococcus epidermidis biofilm by aqueous extracts of Ziziphus joazeiro, compared
to 12% chlorhexidine gluconate. On the columns are the statistical relevance of the substance in relation: growth
control / chlorhexidine gluconate. p <0.05; * (p> 0.01); **** (p <0.0001); ns = not significant. GC. Growth control.
E.A.F.Z.J. Aqueous extract of the leaves of Ziziphus joazeiro. E.A.C.C.Z.J. Aqueous extract of the bark of the stems
of Ziziphus joazeiro.
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Figure 5. Eradication of Pseudomonas aeruginosa biofilm by aqueous extracts of Ziziphus joazeiro, compared to
12% chlorhexidine gluconate. On the columns are the statistical relevance of the substance in relation: growth
control / chlorhexidine gluconate. p <0.05; * (p> 0.01); **** (p <0.0001); ns = not significant. GC. Growth control.
E.A.F.Z.J. Aqueous extract of the leaves of Ziziphus joazeiro. E.A.C.C.Z.J. Aqueous extract of the bark of the stems

of Ziziphus joazeiro.
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Figure 7. Inhibition of biofilm formation (%) of isolates Candida albicans, in 24 and 48 hours, by treatment of the
aqueous extracts of Ziziphus joazeiro Mart. Compared with the antifungal standard fluconazole. (* P <0.1; **** p
<0.0001). E.A.F.Z.J. Aqueous extract of the leaves of Ziziphus joazeiro. E.A.C.C.Z.J. Aqueous extract of the bark
of the stems of Ziziphus joazeiro.
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Figure 8. Inhibition of biofilm formation (%) of isolates Candida tropicalis, in 24 and 48 hours, by treatment of
the aqueous extracts of Ziziphus joazeiro Mart. Compared with the antifungal standard fluconazole. (* P <0.1; ****
P <0.0001). E.A.F.Z.J. Aqueous extract of the leaves of Ziziphus joazeiro. E.A.C.C.Z.J. Aqueous extract of the
bark of the stems of Ziziphus joazeiro.



Table

Table. 1. Evaluation of bacterial biofilm formation by optical density (570 nm)

Clinical isolates Biofilm formation
Streptococcus mutans INCQS 00446 (ATCC 25175) Moderate
Enterococcus faecalis INCQS 00018 (ATCC 14506) Moderate
Staphylococcus epidermidis INCQS 00016 (ATCC 12228) Strong
Pseudomonas aeruginosa ATCC 9027 Moderate
Escherichia coli ATCC 259223 weak

*INCQS - Brazilian Institute of Quality Control in Health.

Table. 2. Evaluation of biofilm formation by violet crystal method.

Clinical isolates Biofilm formation
Candida albicans INCQS 40006 Strong
Candida albicans URM 4387 Moderate
Candida tropicalis INCQS 40042 Strong
Candida tropicalis URM 4262 Strong

*INCQS - Brazilian Institute of Quality Control in Health.; URM - University Recife Mycology
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CAPITULO 6: CONSIDERACOES FINAIS

6.1 Principais Conclusdes

Joazeiro, Ziziphus joazeiro, € uma das plantas endémicas da Caatinga mais exploradas pelo
homem, sendo notorio o valor terapéutico que possui em varias praticas medicinais. Analisando
as hipoteses que direcionaram esse trabalho chegamos as seguintes consideracoes:

Os extratos aquosos das folhas e das cascas do caule de Z. joazeiro apresentam resultados
parcialmente significativos contra a atividade microbiana, a saber: i) frente as bactérias gram-
positas e gram-negativas ambos ndo demonstraram atividade antibacteriana direta, embora
associados a antibidticos tenham apresentado atividade modulatoria significante; ii) na avaliacéo
da atividade antiparasitaria, 0 EACCZJ demonstrou acéo inibit6ria contra formas promastigotas;
iii) nos ensaios antifungicos, novamente 0 EACCZJ se destacou, apresentando efeito fungistatico
frente as cepas de Candida, tendo acéo equivalente a do Fluconazol.

Em relacéo a biofilmes microbianos, o extrato aquoso das folhas apresentou diminuigédo da
biomassa de biofilme, principalmente fangicos, no entanto néo foi tdo efetivo quando comparado
a acdo do EACCZJ, que apresentou resultados semelhantes as drogas padrdes utilizadas.

Mesmo sendo uma espécie bastante conhecida, este estudo é o primeiro a relatar a analise
de extratos de Ziziphus joazeiro por cromatografia liquida de ultra-performance (UPLC-QTOF).
Contudo, a quantidade de compostos identificados no extrato das cascas, por esta analise, foi
limitada pela grande presengca de saponinas. Desta forma, investigacOes futuras com outras
técnicas que possibilitem o isolamento e caracterizacdo estrutural sdo necessarios para elucidar
maior quantidade de compostos quimicos presentes nesses extratos.

Do ponto de vista do conhecimento etnofarmacoldgico, o uso das cascas do caule de
Joazeiro para escovac¢do dentéria possui fundamentacéo cientifica, sendo comprovados os efeitos
antimicrobianos e de diminuicdo de biofilmes bacterianos e fangicos. Os mesmos efeitos ndo
foram totalmente observados nos extratos das folhas, reforcando a escolha do caule pela
populacdo. Por fim, apesar de tais efeitos, mesmo apresentando resultados significativos frente aos

ensaios realizados, o extrato da casca nao apresentou acao superior as drogas padrdes de referéncia.
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1. Introduction Gibbs, 2003; Sousa et al,, 2015). Ziziphus joazeiro possesses a wide eco-

nomic potential and relevance for the northeastern back lands, being

Plant extracts are defined as complex heterogeneous mixtures
composed of diverse active ingredient categories, in addition to having
different functional groups, which often characterize their bioactivities,
such as secondary metabolites which represent many of the plant biol-
ogical activities and adaptive processes (Barreto et al., 2005). Research
on this subject and the identification of new molecules present in
extracts are important and of great economic and pharmacological
interest since many extracts have therapeutic potential (Yunes and
Filho Cechinel, 2014).

Ziziphus joazeiro Mart., belonging to the Rhamnaceae family, is an
endemic caatinga species and popularly known as “joazeiro”, “jua-
babdo”, “jud-de-boi”, “juazeiro” and “jud” (Carvalho, 2007; Prado and

* Corresponding author at: Laboratério de Microbiologia e Biologia Molecular,
Departamento de Quimica Bioldgica, Universidade Regional do Cariri - URCA, Rua Cel.
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used as ornamental plants, as an energy source, in cosmetics manufa-
cturing as well as in human and animal feeding, especially during dry
periods, in addition to its application in popular medicine (Silva et al.,
2011). Within its many biological activities, the antipyretic (Nunes
et al., 1987), analgesic (Schiihly et al., 1999), antioxidant, antibacterial
(Alviano et al., 2008), antifungal (Cruz et al., 2007), antiparasitic
(Gomes et al, 2016) and gastroprotective activities (Romdo et al.,
2010; Washida et al., 2007) stand out. Moreaver, the species is fre-
quently used in oral hygiene and for gingivitis treatment (Almeida
et al., 2006).

Infections caused by pathogenic bacteria cause apprehension due to
their high mortality, especially due to their sensitivity to treatment with
commercially available antimicrobial drugs (Patey etal,, 2018). Antibac-
terial therapy has been threatened by the manifestation and develop-
ment of antibiotic resistance mechanisms. In general, bacteria have
the genetic potential to acquire and transfer resistance to therapeutic
drugs and therefore, jeopardize the antibiotic’s ability to treat the
most common infections among the population (Kraupner et al., 2018).
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Objective: To compare the in vitre antiparasitic activity of aqueous extracts from Ziziphus
Joazeiro leaves and stem bark against Trypa.nosoma cruzi. Leishmania braziliensis, and
Leishmania infantum. as well as to evaluate its cytotoxicity in mammalian cells, in addition to
identifying the chemical composition of the extracts.

Methods: Ziziphus joazeiro leal and stem bark aqueous extracts were prepared by cold
extraction maceration and subjected to ultra-efficient liquid chromatography coupled to a
quadrupole/time of flight system. The susceptibility assays used Trypanosoma cruzi CL-
B5 strains and promastigote forms of Leishmania braziliensis and Leishmania infantum for
antiparasitic activity of the extracts. Moreover, mammalian fibroblasts NCTC clone 929 were
used for cytotoxicity analysis.

Results: Terpenoid compounds, flavonoids and phenolic acid were identified in extracts.
The stem bark aqueous extracts presented more significant results in terms of antiparasitic
activity compared with the leaf aqueous extracts, especially against Leishmania braziliensis
and Leishmania infantum promastigote forms with an ICsy < 500 ug/mL. The cytotoxicity
evaluation showed moderate toxicity of the stem bark aqueous extracts, which is relevant
information for the rational use of this plant part since it is widely used by the population.
Conclusions: These preliminary results may contribute to the formulation of new therapeutic
agents against this group of neglected diseases, so further investigations are required to
delineate the mechanisms of action mainly of the aqueous extract of stem bark of Ziziphus

Joazeiro.

1. Introduction

and lack of health care are the main causes of these discases[1,2].
Leishmaniasis, malaria, dengue, Chagas disease, leprosy and

tuberculosis can be highlighted as examples of neglected diseases|3].

Infectious diseases termed as neglected diseases are caused by
parasitic or infectious agents which mainly affect populations living
in conditions of poverty and social inequality. The World Health

Organization (WHO) emphasizes that housing. food, poor sanitation
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The aim of this study is to verify the action of the aqueous leaf extract Ziziphus joazeiro in the eradication of
bacterial and fungal biofilms, and to compare these effects with the stem bark extracts, as well as with con-
ventional standard drugs. The presence of secondary metabolites was observed through phytochemical pro-
spection assays. The effect of the aqueous extract on microbial biofilm formation was observed by OD600 nm
absorbance and the crystal violet assay. For bacterial and fungal biofilms, chlorhexidine gluconate and fluco-
nazole, respectively, were used as positive controls. Phytochemical characterization showed the presence of
secondary metabolite classes common to both extracts such as flavonoids, steroids and saponins. In particular, in
the aqueous leaf extract phenols, condensed tannins and alkaloids were observed. Eradication results using the
aqueous leaf extract showed an inhibition of the microbial biofilm mass, moreover the biofilms were more
sensitive to the bark extract, which presented a greater inhibition number and an action similar to standard
drugs. It is important to highlight the leaf extract showed significant eradication at the lowest concentrations for
mature yeast biofilms, thus demonstrating its potential to modify microbial resistance susceptibility. Bacterial
and fungal biofilm eradication results using the Ziziphus joazeiro aqueous extracts presented a biofilm inhibition
effect for both, moreover the results support the ethnopharmacological knowledge surrounding the use of
Ziziphus joazeiro stems in the community. In comparison, the bark extract presented a more effective treatment
than the leaf extract against biofilms, presenting inhibition levels similar to the used standard drugs.

1. Introduction

Biofilm development is a serious healthcare concern given persis-
tent infections, comprising roughly 80% or more of microbial infectious

Biofilms are microbial ecosystem complexes characterized by one or
more microbial cell community, covered by an extracellular polymeric
structure which adheres to a biotic and/or abiotic subtract [1,2].

This complex represents one of the main microbial resistance me-
chanisms, due to evolutionary advantages this confers to it, especially
protection against extreme conditions, such as lack of nutrients, pH and
temperature changes, free radicals and ultraviolet radiation, in addition
to the action of antibiotics and even the action of the host's immune
system [3].

cases [4,5].

Bacterial infections caused by biofilm proliferation such as chronic,
nosocomial and medical device associated infections, have an increased
resistance to conventional antibiotics when compared to isolated infec-
tions [6]. Among the bacterial resistance mechanisms, biofilms induce
physiological changes in response to scarcity, stimulate efflux pump ex-
pression, participate in quorum sensing and provides an environment for
genetic interaction and transfer, thus contributing to the dissemination of
tolerance mechanisms against various drugs of clinical interest [7].
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Local x Taxons x Atividades x Destinos

BREJO SANTO-CE / Sitio Ipueiras - Zonza Rural / Fora de UC / Latitude: / Longitude:
Datainicio | Data Fim Taxon Método de registro QTD | Unidade Latitude Longitude | Situac&o do material Local de Destino Tombamento
) B o7* 28 039° 01' |Destinado a Laboratdrio derl‘v‘llcrobm\ogla g Biologia
25/03/2017 | 18/06/2017 | Ziziphus joazeiro Coleta de amostras 1 Individuo . Molecular - Universidade Regional do
54.40" S 47.20" W laboratorio -
Cariri - URCA
) B o7* 28 039° 01' |Destinado a Laboratdrio derl‘v‘llcrobm\ogla g Biologia
25/03/2017 | 18/06/2017 | Ziziphus joazeiro Coleta de amostras 1 Individuo . Molecular - Universidade Regional do
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25/03/2017 | 18/06/2017 | Ziziphus joazeiro Coleta de amostras 1 Individuo 4280"S 10.20"W | 1aboratério ;ﬂg:‘f;:utarR-Clinwermdade Regional do

07° 28" 039° 02 Destinado a Laboratério de Microbiologia e Biologia

25/03/2017 | 18/06/2017 | Ziziphus joazeiro Coleta de amostras 1 Individuo 4850" S 12.00" W |aboratério gﬂ::if:uﬁ;-clinwersmade Regional do

Laboratério de Microbiologia e Biologia

a7e 28' 0359° 02' |Destinado a

25/03/2017 | 18/06/2017 | Ziziphus joazeiro Coleta de amostras 1 Individuo 5139" S 16.00"W | 1aboratorio Molef:ular - Universidade Regional do
Cariri - URCA
) Laboratdrio de Microbiologia e Biologia
. o7® 28 039° 02" |Destinad . . .
25/03/2017 | 18/06/2017 | Ziziphus joazeiro Coleta de amostras 1 Individuo estinaco a Molecular - Universidade Regional do

54 59" S 07.59" W laboratdrio
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a7° 28 039° 01' | Destinado a Laboratério de Microbiologia e Biologia

25/03/2017 | 18/06/2017 | Ziziphus joazeiro Coleta de amostras 1 Individuo 5850" S 48.79" W |aboratério gﬂ::if:uﬁ;-clinwersmade Regional do

07° 28 039° 01' |Destinado a Laboratério de Microbiologia e Biologia

25/03/2017 | 18/06/2017 | Ziziphus joazeiro Coleta de amostras 1 Individuo 54.40° S A720°W | laboratorio r(\.:ﬂ::‘flz_;:ular - Universidade Regional do

Resultados / Discusséo
Pergunta / ltem Resposta
O material coletado das especimes de Ziziphus joazeiro Mart. foi cascas do Caule e folhas. Ambas foram utilizadas para preparacio de extratos, para

desenvolvimento de testes microbiclogicos. A técnica utilizada para preparagdo dos extratos aquosos das folhas e cascas do caule de Z. joazsiro (EAFZJ e
: . EACCZ.) foi maceracio com extragdo a frio, descrito por Matos (2002). Folhas frescas foram cortadas, para aumentar sua superficie, & as cascas do caule
Resultados / Discussao: i ) i . ) - . ! .
passaram por secagem em temperatura ambiente e trituradas em moinho mecanico. Posteriormente ambos foram adicionados em agua destilada e esteril.
Acondicionades em recipiente protegido da agdoe da luz e o do ar, e apes 72h foram filirados, congelados e levados ao liofilizador (-60°C). Produzindo um

extrato bruto de 39,9g e 111,58 respectivamente.
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Gupo taxondmico Descrigdo Tipo
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Mome do campo

Descrigio

Introdugdal Ju

stificativa

E cada vez mais presents 3 busca por novas substincias com atividade anfimicrobiana, uma vez que, nas Ultimas decadas, dentre as atividades farmacoldgicas, & a que
vem sendo exaustivamente estudada, devide ao agravamento da resisténcia microbiana, (GUIMAR.EA.ES et al, 2010; GOMES et al., 2012; GOLL, FARIA, 2014).

Uma das principais formas de resisténcia microbiana consiste na formagdo de biofilmes, que so formados devido a interagde entre os microrganismos e o substrato no qual
se aderem. Biofilmes, sdo complexos de ecossistemas microbianos, que podem ser encontrados em uma variedade de superficies bidticas efou abidticas (TREMTIM;
GIORDANI; MACEDO, 2013). Exemplos tipicos de doengas relacionadas a biofilmes incluem: endocardites bacterianas, ofite média, prostatite cronica bacteriana, fibrose
cistica, periodontite & carie (DONLAN; COSTERTOM, 2002; SANTOS, WATANABE, ANDRADE, 2011).

A utilizag3o de produtos naturais com foco terapéutico, correspande a antigas priticas populares, e represantam, muitas vezes, os principais @ até os Unicos recursos
acessiveis para o tratamento de doengas por algumas comunidades (ROQUE et al, 2010; RIBEIRD et al, 2014). As pesquisas etnobioldgicas se tomaram uma investigagdo
essencial na busca por noves principios atives, pois s3o fundamentadas no uso medicinal de plantas nas praticas tradicionais (ALBUCQUERQUE; HAZANAKI, 2008).

A presenga de uma rica diversidade em espécies vegetais caracteriza a Caatinga nordestina, considerada um dos principais biomas brasileiros. Aproximadamente a metade
do termitdrio cearense encontra-se ocupado por vegetagdo provindas da caatinga. muitas s&o endémicas e com escassa investigagio das atividades biologicas (CARTAXOD et
al., 2010). & Chapada do Araripe, na regiae do Carir Cearense, esta localizada dentro do dominio da Caatinga, apresentande uma rica bicdiversidade, conhedida e utilizada
no dmbito popular, come recurso terapéutico na medicina tradicional (RIBEIRC-SILVA et al., 2012}

Ziziphus joazeino & uma espécie endémica tipica dos sertdes nordestings, com maior cocoménda na caatinga & no Agreste (PRADO, GIEBS, 2003), pertencente & familia
Rhamnaceae, e ao género Ziziphus (CARVALHO, 2007).

Popularmente & conhecida como joazeiro, jus-babdo, jud-de-boi, jod-mirm, juazeiro, jud e jusd-bravo. Apresenta um amplo potencial econdmico e relevancia para regido do
semiarido, podendo ser utizada como planta omamental, como fonte de energia, na fabricagdo de cosméticos & na alimentagio humana e de animais, principalments nos
pericdos de seca, & na medicina popular (SILVA et al., 2011).

Dhenfre as atividades biologicas da espécie Z. joazeiro podemaos destacar atividade antifingica, stividade antibacterana, atvidade antioxidante, atividade antipirética,
atividade anti-nflamatoria e atividade adstingente (ALMEIDA et al., 2005; CRUZ et al., 2007; ALVIANG et al., 2008; NISAR et al., 2007}

Uma das principais indicagdes de Z. joazeino consiste na sua utilizagdo na higiene bucal e tratamento de gengivites. Partes da planta, principalmente, casca e entrecasca do
caule s3o trituradas e usadas na escovagdo dentaria (CAVALCANTI et al., 2011). Entretanto, a pratica incometa da retirada do caule, pode ocasionar o anelamento, processo
de retirada total da casca em toda circunferéncia da planta, o que impossibilita o flueo de nutrientes & dgua, resultando na desidratacdo do tecido, além do atague de pragas
& micforganismes causando 3 morte da planta (SANTOS, 2008).

Meste sentido, se faz necessaro 3 validagio do uso de outra parte de Z. joazeiro, na busca de minimizar a utiizag3o do caule. Este trabalho busca verificar a agio das folhas
de Z. joazeirn, contra a resisténcia microbiana, em biofilmes, & comparar com os efeitos das cascas e produtos quimicos ja utilizados na higienizagdo bucal. Além de oferecer
alternativas para diminuigio do extrativismo excessivo da espédie, através da comprovagdo e descobertas de atividades

Objetivo geral

Avaliar bioatividades e a ag3o in vitro dos extratos aquose, hidrostandlico e etandlico das folhas e das cascas do caule de Ziziphus joazeiro Mart, contra microrganismes de
relevancia dinica (bactérias e leveduras) pela capacidade de interferir sobre o crescimento microbiano e sob a formagdo de bicfilmes.
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Descrigio

Objetivos especificos

7 Realizar prospecgao fitoguimica dos Extratos aquoso. hidmetandlico e etandlico das folhas e das cascas do caule de 7. joazeino.

7 Determinar a concentragdo inibitdria minima (CIM) dos Extratos aquosa, hidroetandlico e etandlico das folhas e das cascas do caule de Z. joazeim frente a bactérias e
leveduras formadores de biofilme: Streptococcus mutans, Pseudomonas asnuginosa, Escherichia coli @ Candida albicans.

7 Avaliar a capacidade dos extratos das folhas e das cascas do caule de Z. joazeiro influenciar no crescimento planctdnico das bactérias e leveduras:

7 Analisar a inibigio da formagdo de biomassa dos bisfilmes formados pelas bactérias e leveduras utilizandeo os extratos das folhas e das cascas do caule de Z. joazeino.
7 Verificar o potencial dos extratos das folhas e das cascas do caule de Z. josazeiro na redugic de unidades formadoras de coldnias (UFC) nos biofilmes formades por
bactérias 2 leveduras.

? Comparar todos os resultados com gluconato de clorexiding;

? Reladionar os resultados dos extratos das folhas e das cascas do caule, na busca de validar os efeitos bicldgicos das folhas.

? ldentificar a citotoxidade in vitro frente 3 cultura de células de mamiferos.

? Avaliar a atividade tripanocida através de ensaios in vitro com a forma epimastigota de Trypanosoma cruzi.

7 Analisar o efeito leishmanicida in vitro frente & cepa promastigota de Leishmania brasiliensis.

Ministério do Meio Ambiente - MMA
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Mome do campo

Descrigio

Material & métodos

SELECAD E COLETA DO MATERIAL BOTANICO

Plantas da espécie Ziziphus jeareizo Mart., serdo coletadas na Chapada do Araripe, municipio de Crato, sul do Ceara, Brasil. Do material coletado serdo produzidas
exsicatas a serem identificadas pelo Dr. Jodo Marcslo Alvarenga Braga, & depositadas no Canriense Dardanc de Andrade-Lima (HCDAL) da Universidade Regional do Cariri
TURCA

OEITENQ@ES DOS EXTRATOS BRUTOS

Para prepara.qio dos extratos das folhas de Z. joazeino: folhas frescas terdo sua superficie de contato aumentada por meic de corles, posteriommente adicionadas ne tipo de
solvente, especifico para cada extrato, utilizando Sg de folhas para cada mL do solvente, todos os extratos serdo preparados por maceragio com extragio a frio. Para
produgio do Extrate Aquose & frio (EAFZ), as folhas serdo adicionadas em agua destilada e estéril. Ja para o Extrato Hidroetandlico (EHFZJ), as folhas serSo dessecadas
em solugio de etanol absoluto & dgua na proporgda de 1:1. Na obtencio do Extrato Etandlico (EEFZJ) as folhas serdo adicionadas em etanol absoluto PA. (MATOS, 2002).

Para F'repzrax;.io dos extratos das cascas do caule de Z. joazeire: as cascas do caule passardo por secagem em temperatura ambiental, & posteriorments serd realizado
lr'rlumg'éo em moinha mecinico, sendo adicionadas no tipo de solvente, especifico para cada extrato, utilizando Sg de cascas para cada mL do solvente, todos os extratos
serdo preparados por maceragao com extragso a frio. Para predugdo do Extrato Aquoso a frio (EACZJ), as cascas serdo adicionadas em agua destilada e estéril. Ja para o
Extrato Hidroetandlico (EHCZJ), as cascas serdo dessecadas em solugdo de etanol absoluto & 3gua na proporgde de 1:1. Na obteng3o do Extrato Etandlico (EEFZ)) as
cascas serao adicionadas em etanol abscluto PLA. (MATOS, 2002)

Todas as misturas devem ser guardadas em recipients protegide da an;.io da luz & o do ar & apds T2h devers ser filtrada & concentrada em rotasvaporador (model Q-2448 7
Quimnis, Brazil). Todes os exiratos serdo congelados e levados ao liofilizador (-80°C) até que toda a dgua seja refirada. Os exdratos em po serde armazenados para testes
sob refrigeragdo.

Serdo realizada Analise Quimica através dos métodos: Prospeccdo Quimica Qualitativa (presenga de metabdlitos secundarios, avaliar a presenga de taninos, fendis,
flavondides e alcaldides serdo feitos de acordo com o método descrito por Mates, 2009); Quantificagio de Fendis Totais [AINSWORTH; GILLESFIE, 2007); Analise
estatistica da quantificac3o de fendis totais e Andlise comparativa da composigda fendlica (realizada por Cromatrografia Liquida de Alta Eficiéncia (CLAE-DAD de acordo
com Kamdem e colaboradores (2013) e Silva e colaboradores (2014), com modificagies)

Além da avaliagio das bioatividades: antiparasitiria contra Trypanonoma cruzi (epimastigota) e Leishmania brasiliensis (promastigota), além da citotoxidade, frente a células
(JAVADPOUR et al.. 1806); teste de modulagio de drogas (COUTINHO et al., 2008); avaliagio da inibigio da formagdo de biomassa dos bicfilmes e inibigde do crescimento
planctdnico das bactérias e leveduras serd baseada no teste de placas de microtitulag3o (STEPANOVIC et al., 2000).
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Histdrico da distribuigio

Tipo da Distribui(;.:'-lcl Data Unidade
Emissio de Parecer (andlise obrigatdria)

Fone da Unidade Lim. Receber | Lim. Parecer
21/07/2018 CECAT (Doef1) 20289828 01/08/2018 11/08/2018

Descrigio da siuagio
Aguardando recebimento
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ANEXO 7 — Parecer com autorizacdo da pesquisa pelo Sistema Nacional de Gestdo do Patriménio

Genético e do Conhecimento Tradicional Associado (SISGEN) do Ministério do Meio Ambiente

Ministério do Meio Ambiente i
CONSELHO DE GESTAO DO PATRIMONIO GENETICO

SISTEMA NACIONAL DE GESTAO DO PATRIMONIO GENETICO E DO CONHECIMENTO TRADICIONAL ASSOCIADO
Comprovante de Cadastro de Acesso
Cadastro n2 A9250A4

A atividade de acesso ao Patriménio Genético, nos termos abaixo resumida, foi cadastrada no SisGen,
em atendimento ao previsto na Lei n® 13.123/2015 e seus regulamentos.

Numero do cadastro: A9250A4

Usuario: HENRIQUE DOUGLAS MELO COUTINHO
CPF/CNPJ: 567.670.564-72

Objeto do Acesso: Patriméonio Genético

Finalidade do Acesso: Pesquisa e Desenvolvimento Tecnologico
Espécie

Ziziphus joazeiro

Titulo da Atividade: AVALIACAO DE BIOATIVIDADES E DA ACAO DOS EXTRATOS AQUOSOS DE
FOLHAS E CASCAS DO CAULE DE Ziziphus joazeiro Mart. (Rhamnaceae) EM
BIOFILMES MICROBIANOS

Equipe
HENRIQUE DOUGLAS MELO COUTINHO URCA
JACQUELINE COSMO ANDRADE UFCA

Parceiras no Exterior

Center for the Development of Scientific Research, Moise¢

Data do Cadastro: 05/09/2018 16:12:46 E % E

Situacao do Cadastro: Concluido .'F'

Conselho de Gestdo do Patrimbnio Genético
Situacdo cadastral conforme consulta ao SisGen em 16:13 de 05/09/2018.

YA\ SISTEMA NACIONAL DE GESTAO

DO PATRIMONIO GENETICO

E DO CONHECIMENTO TRADICIONAL
IANAN ASSOCIADO - SISGEN
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ANEXO 8 — Numero de Herbéario da exsicata depositada no Herbario Caririense Dardano de

Andrade-Lima (HCDAL/URCA).

Hchério Caririense Dardano de Andrade — Lima
Universidade Regional do Cariri - URCA

Numero de Herbario

Remetente: L ~ N°48

HERBARIO CARIRIENSE DARDANO DE ANDRADE-LIMA (HCDAL/URCA)
Contato: Dra. Maria Arlene Pessoa da Silva (herbario@urca.br)

Universidade Regional do Cariri - URCA

Departamento de Ciéncias Biologicas

Rua: Cel. Antonio Luiz, 1161

Campus Pimenta

Crato — Ceara - Brasil

CEP: 63.105-100

Destinatario: ~ Data: 20122017

“Contato: Jacqueline C. Andrade
Laboratério de Microbiologia e Biologia Molecular _ URCA

1 13.346 Joazeiro Rhamnaceae Ziziphus joazeiro Mart. Karina V. Linhares

M( !’Inrl\ Arlene Pessoa da Silva
Curadora do HCDAL

Herbario Caririense Dardano de Andrade - Lima / Universidade Regional do Cariri - URCA
Rua Cel. Anténio Luiz, 1161 - Pimenta - CEP: 63.105-100 - Crato/Ceard
Tel: (88) 3102 1212 — Fax: 3102 1291
Fomail: herharin@urea br



