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RESUMO

Pityrocarpa moniliformis € uma planta endémica da caatinga, bioma que apresenta varias
espécies vegetais com grandes propriedades biologicas. Essa espécie demonstrou uma elevada
atividade antimicrobiana e antioxidante. Muitas dessas plantas séo utilizadas empiricamente,
devidos as diversas substancias, produzidas através de seu metabolismo secundério, que sdo
fontes de recursos terapéuticos. No entanto, a maioria das espécies empregadas no tratamento
de doencas ndo possui respaldo cientifico quanto a eficacia e seguranca, nem se conhecem
seus efeitos toxicos. Desta forma ensaios para avaliar a toxicidade e a atividade genotoxica
desses compostos SA0 necessarios para promover uma seguranca na utilizacdo desses
terapéuticos. O objetivo deste trabalho € avaliar a atividade antioxidante e antimicrobiana de
extratos organicos de P. moniliformis obtidos a partir de diferentes métodos de extracédo e
solventes, bem como avaliar sua toxicidade, citotoxicidade e efeitos genotdxicos e identificar
0S compostos que apresentam potencial atividade. Os extratos organicos foram obtidos
através das seguintes técnicas: Maceragdo, Soxhlet, Fluido Supercritico, Ultrassom e extrator
automatico (ASE), com os solventes ciclohexano, acetato de etila e metanol. As atividades
antioxidantes foram realizadas pelos métodos ATT, DPPH, ABTS e FRAP. Os extratos com
melhores atividades foram submetidos a cromatografia Flash e Cromatografia de alta
eficiéncia. Os testes antimicrobianos foram feitos com cepas bacterianas gram-positivas e
gram-negativas e o antibiofilme com Staphylococcus aureus. Os animais (machos) receberam
por via oral a dose 2000 mg/kg do extrato para a avaliacdao da toxicidade aguda e 1000 mg/kg
do extrato para os ensaio de genotoxicidade pelo teste de microndcleo e ensaio cometa. A
citotoxicidade foi realizado pelo método do MTT, utilizando as linhagens de células J774.A1
e HEK-293. Os extratos metanolicos apresentaram maior acdo antioxidante, sendo o extrato
ASE que demostrou os melhores resultados, sendo a atividade de suas fracOes
potencializadas. Os extratos organicos também apresentaram atividade antimicrobiana e
antibiofilme significativas. Além disso, os animais ndo apresentaram sinais de toxicidade
aguda. Nas analises bioquimicas também ndo foram observadas alteraces. E em relagdo ao
exame histopatoldgico, observaram-se alteracdes no figado e rins. Os extratos ndo mostraram
diferencas significativas para 0s ensaios citotdxicos e genotoxico quando comparados com o
controle. Conclui-se entdo, que 0 0s extratos organicos de P. moniliformis apresentam um
potencial farmacoldgico promissor, necessitando de testes adicionais para potencializar esses
resultados.

Palavras-chave: Antioxidantes. Citotoxicidade. Genotoxicidade. Metabdltios Secundarios.

Toxicidade Oral.



ABSTRACT

Pityrocarpa moniliformis is an endemic plant of the caatinga, a biome that presents several
plant species with great biological properties. This species showed a high antimicrobial and
antioxidant activity. Many of these plants are used empirically, due to the various substances
produced through their secondary metabolism, which are sources of therapeutic resources.
However, most of the species used in the treatment of diseases do not have scientific support
for efficacy and safety nor are their toxic effects known. Thus, assays to assess the toxicity
and genotoxic activity of these compounds are necessary to promote safety in the use of these
therapeutics. The objective of this work is to evaluate the antioxidant and antimicrobial
activity of organic extracts of P. moniliformis obtained from different extraction methods and
solvents, as well as their own toxicity, cytotoxicity and genotoxic and isolated effects, to
purify and to identify the compounds that already are in potential activity. The organic
extracts were obtained by the following techniques: Maceracion, Soxhlet, Supercritical Fluid,
Ultrasound and Automatic Extractor (ASE), with hexanes, ethyl acetate and methanol
solvents. As antioxidant activities were performed by TAA, DPPH, ABTS and FRAP
methods. The extracts with the best activities were submitted to Flash chromatography and
High efficiency Chromatography. The antimicrobial testes were made with gram-positive and
gram-negative bacterial strains and the antibiofilm with Staphylococcus aureus. The animals
(male) were orally given a dose of 2000 mg/kg extract for acute toxicity evaluation and 1000
mg / kg extract for genotoxicity test by micronucleus test and comet assay. A cytotoxicity was
performed by the MTT method, using as cell lines J774.A1 and HEK-293. The methanolic
extracts presented higher antioxidant action, and the ASE extract showed the best results,
being an activity of their potentiated fractions. Organic extracts also showed significant
antimicrobial activity and antibiofilm activity. In addition, the animals did not show signs of
acute toxicity. In the biochemical analyzes also no changes were observed. And in relation to
histopathological examination, there were changes in the liver and kidneys. The extracts did
not show significant differences for the cytotoxic and genotoxic assays when compared with
the control. It is concluded that the organic extracts of P. moniliformis present a promising

pharmacological potential, requiring additional tests to potentiate these results.

Keywords: Antioxidants. Cytotoxicity. Genotoxicity. Secondary Metabolites. Oral Toxicity.
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1 INTRODUCAO

A origem do conhecimento do homem sobre as propriedades medicinais das plantas
confunde-se com sua propria historia. H4 milénios os vegetais tém sido utilizados pelos seres
humanos no tratamento de doencas. As doencas infecciosas estdo entre as doencas de
interesse no estudo dos efeitos benéficos das plantas medicinais e fitoterapicos. Tais
sindromes sdo responsaveis por grandes gastos em salde publica, devido ao aumento da
estadia hospitalar, necessidade de maior consumo de medicamentos e/ou procedimentos
médicos, principalmente quando se trata de infeccBes causadas por microrganismos
portadores de resisténcia a antimicrobianos.

Nos Ultimos anos, a resisténcia de microorganismos patogénicos a multiplas drogas
tem aumentado devido ao uso indiscriminado de antimicrobianos, comumente
comercializados e usados no tratamento de doencas infecciosas. Essa situacdo tem forcado os
cientistas a busca de novas drogas. As plantas tem se mostrado bastante promissoras como
fonte de novas drogas antimicrobianas, considerando-se que a diversidade de compostos
quimicos dos produtos naturais € muito maior aquela derivada dos processos de sintese
quimica (NOVAIS, et al., 2003).

Além das doencas infecciosas algumas doencas relacionadas ao envelhecimento
como doengas degenerativas cronicas, cardiopatias e aterosclerose também tém sido alvo de
intensas pesquisas em todo o mundo. Estas doencas podem estar relacionadas a danos
causados por estresse oxidativo. Este fendmeno esta relacionado, principalmente, a acéo
constante de espécies reativas de oxigénio (ERO) e/ou espécies reativas de Nitrogénio (ERN)
geradas em processos inflamatorios ou por alguma outra disfuncdo bioldgica, por exemplo, as
causadas por infec¢des (BARREIROS et al, 2006; BIANCHI; ANTUNES, 1999).

Os extratos vegetais possuem substancias conhecidas por sua capacidade
antioxidante, em especial os flavonoides e taninos que, por serem ricos em hidroxilas, sdo
capazes de reagir com as ERO e ERN e, dessa forma, podendo ser Uteis no tratamento de
algumas doencas por inibir ou retardar significativamente os processos oxidativos (VIEGAS
JUNIOR et al., 2006).

Atualmente, as vantagens que justificam a utilizacdo dos fitoterapicos, sdo: o efeito
sinérgico, ou seja, as plantas apresentam varios compostos com efeitos similares; associacao
de mecanismos por compostos agindo em alvos moleculares diferentes; menores riscos de

efeitos colaterais, uma vez que 0s compostos ativos se apresentam em concentracdes
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reduzidas nas plantas; e, menores custos de pesquisa (YUNES; PEDROSA; CECHINEL,
2001).

Nesse contexto, as pesquisas com plantas medicinais, se tornam importantes tanto no
que diz respeito & descoberta de novos medicamentos fitoterapicos, atribuicdo de novos usos
aos ja utilizados pela populacdo, quanto no que diz respeito & descoberta, purificacdo e
isolamento de novas moléculas. Isso porque mesmo aquelas plantas medicinais que ja
possuem alguma descrigdo farmacoldgica podem revelar novas atividades bioldgicas outrora
ndo percebidas, porque geralmente os metabdlitos relacionados as atividades bioldgicas fazem
parte de um metabolismo especial ou secundario do vegetal, em resposta as agressoes
provenientes do ambiente que o cercam e das condi¢fes de cultivo. Ou seja, o ambiente
desempenha um papel crucial no metabolismo das plantas fazendo com que estas produzam
diferentes e variados complexos moleculares, abrindo caminho para a descoberta de novos
grupos estruturais e para estudos de identificacdo de alvos moleculares e de mecanismos de
acdo de farmacos (YUNES; PEDROSA; CECHINEL, 2001).

Apesar das inimeras vantagens na utilizacdo das plantas como recursos terapéuticos,
muitas vezes esses recursos sdo consumidas sem a devida comprovacdo cientifica de suas
atividades farmacoldgicas e seu perfil toxico, que devem ser estabelecidos por testes ndo
clinicos e clinicos (VEIGA-JUNIOR; PINTO; MACIEL, 2005; SILVEIRA; BANDEIRA;
ARRAIS, 2008; FRANCA et al., 2008).

Devido a isso, € importante a pesquisa por informacfes que embasem 0 USO Seguro
de determinadas espécies vegetais e fitoterapicos de interesse clinico, pois, mesmo possuindo
baixa toxicidade, pode provocar efeitos graves que muitas vezes sdo subnotificados
(MONTEIRO; CARVALHO JUNIOR, 2007; SILVEIRA; BANDEIRA; ARRAIS, 2008).

A Caatinga, um dos biomas brasileiros que apresenta alta diversidade de espécies
vegetais, sendo muitas delas endémicas e adaptadas as condi¢Ges de estresse ambiental
caracteristicos das regides semiaridas, como baixa pluviosidade, temperaturas elevadas e altas
taxas de evapotranspiracdo, tem sido fontes promissoras de biomoléculas que apresentam
atividades bioldgicas importantes (TROVAO et al., 2007; ARCOVERDE et al., 2014;
FELIX-SILVA et al., 2014).

Pityrocarpa moniliformis ¢ uma planta arborea do Nordeste do Brasil, ocorrendo
disjunta em florestas secas da regido de Sucre (Venezuela), é popularmente conhecida como
Catanduva, e sinonimamente de Piptadenia moniliformis (Benth.). A Pityrocarpa

moniliformis é uma espécie ainda pouco explorada e estudos recentes revelaram um potencial
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microbioldgico e antioxidante significativo. Por ser uma planta endémica da caatinga, que
apresenta varias espécies vegetais com grande potencial terapéutico e farmacoldgico esse
estudo visa o aprofundamento e aplicacdo de sua atividade microbiolégica e antioxidante,

bem como seu efeito toxicoldgico in vitro e in vivo.

1.1  OBIJETIVOS

1.1.1 Objetivo Geral
Avaliar a atividade antibacteriana, antibiofilme, antioxidante e realizar os testes de
toxicidade, citotoxicidade e genotoxicidade dos extratos organicos das folhas de Pityrocarpa

moniliformis.

1.1.2 Objetivos Especificos

v' Preparar extratos com solventes de diferentes polaridades (ciclohexano, acetato de
etila, metanol) das folhas de P. moniliformis;

v’ Realizar o screen fitoquimico dos extratos relatados acima;

v' Efetuar fracionamento cromatografico em cromatografia FLASH, visando conhecer a
composic¢do quimica da espécie em estudo;

v Avaliar a atividade antioxidante in vitro dos extratos e fracbes de P. moniliformis;

v' Avaliar a atividade antibacteriana in vitro e determinar a Concentracdo Inibitéria
Minima (CIM) e a Concentragdo Bactericida Minima (CBM) dos extratos organicos
de P. moniliformis;

v Avaliar atividade antibiofilme in vitro dos extratos organicos de P. moniliformis;

(\

Avaliar a toxicidade aguda dos extratos organicos de P. moniliformis;

v Avaliar a toxicidade dos extratos por ensaios de citotoxicidade celular in vitro (método
de reducdo do MTT);

v' Avaliar a atividade genotoxica e mutagénica dos extratos organicos de P.

moniliformis.
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2 REVISAO BIBLIOGRAFICA

2.1  PLANTAS MEDICINAIS

A utilizacdo de plantas com fins medicinais, para tratamento, cura e prevencdo de
doencas, é uma das formas mais antigas de pratica medicinal da humanidade. No Brasil 0 uso
das plantas medicinais teve inicio com os povos indigenas que aplicavam suas proprias
experiéncias para distinguir as plantas que serviam para curar doencas das que eram
venenosas (OLIVEIRA; SIMOES; SASSI, 2006). Com o descobrimento do nosso pais
surgiram novas plantas trazidas de varios paises da Europa, Asia, India, Africa que hoje fazem
parte da nossa flora constituindo desta forma as plantas denominadas exoéticas (BRITO;
DANTAS; DANTAS, 2009).

Atualmente, essa pratica vem crescendo a cada dia devido ao grande interesse da
populacéo por terapias menos agressivas e pelos beneficios dos tratamentos naturais (BRIMA,
2017; ARNOUS et al. 2005), por ser uma pratica comum na sociedade e até mesmo pela falta
de medicamentos sintéticos (FERREIRA; PINTO, 2010). Esse crescimento é visivel ndo s
nas populacdes, mas também nos profissionais de satde que carecem de informacdes seguras
sobre os recursos fitoterapicos. Além disso, o baixo custo e o facil acesso, ao contrario do que
ocorre com outros medicamentos, proporcionam as pessoas um método de cura e prevencao
mais acessivel.

Segundo a Organizacdo Mundial de Saude (OMS), mais de 80% da populagdo de
paises em desenvolvimento utiliza ervas para o tratamento de doencas, que sdo consideradas
até mais seguras e mais efetivas que drogas sintéticas (GURIB-FAKIM, 2006; PANG et al.,
2014). Desse modo, os produtos naturais vém recuperando espaco e importancia na industria
farmacéutica, tanto para a sua utilizacdo direta quanto para uso como fonte inspiradora de
novos padrdes de moléculas bioativas (VIEGAS JR; BOLZANI; BARREIRO, 2006).

Entre os 252 farmacos basicos ou essenciais selecionados pela Organizagdo Mundial
da Saude (OMS), 11% sao de origem exclusivamente vegetal e uma parcela significativa é
preenchida por medicamentos sintéticos, obtidos a partir de precursores naturais (RATES,
2001). Apesar de possuir a maior diversidade vegetal do mundo, com cerca de 60.000
espécies vegetais superiores catalogadas, no Brasil, apenas 8% foram estudadas para
pesquisas de compostos bioativos e 1.100 espécies foram avaliadas em suas propriedades
medicinais (BRASIL, 2006).
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A Caatinga Nordestina é um dos principais biomas brasileiros que apresentam uma
ampla diversidade de produtos naturais com propriedades terapéuticas que sao utilizadas por
comunidades da regido. Estas comunidades possuem uma vasta farmacopeia natural, que sdo
provenientes dos proprios recursos naturais que estdo em areas ocupadas por estas populacdes
(GOMES et al., 2008). Apesar das inumeras evidéncias que confirmam que a flora deste
bioma é bastante rica em plantas com elevado potencial terapéutico, o valor farmacolégico
dessas plantas ndo tem sido avaliado de forma adequada (BRASIL, 2002), sendo
proporcionalmente a menos estudada entre as regiGes naturais brasileiras, e que esforcos
cientificos estdo concentrados em apenas alguns pontos em torno das principais cidades da
regido (MELO-BATISTA; OLIVEIRA, 2014).

Em relacdo a esse bioma, este quadro torna-se preocupante, pois além da insuficiente
realizacdo de trabalhos relacionados a catalogacdo da flora nativa, a caaatinga encontra-se
entre 0s mais alterados e ameagados pela acdo antropica e, por conta disto, tem sido apontado
como o bioma brasileiro mais critico no que se refere a conservagdo (SOUZA, 2013).

Além disso, pouco se sabe sobre os efeitos toxicos destas plantas utilizadas pelas
comunidades locais. Sabe-se que 0s vegetais contem milhares de constituintes quimicos e suas
propriedades terapéuticas estdo especialmente relacionadas com os chamados metabolitos
secundarios, que sdo compostos micromoleculares evolutivamente selecionados para conferir
vantagens adaptativas as plantas (BERTOLDI, 2006). Muitas dessas substancias podem ser
agressivas, e por esta razdo, devem ser utilizadas com cuidado, respeitando seus riscos
toxicolégicos (VEIGA-JUNIOR; PINTO; MARCIEL, 2005). Para tanto, sdo necessarios
estudos que comprovem a eficacia do fitoterapico em questdo, sem que 0 mesmo cause danos
a saude do paciente e dessa forma a populacdo possa fazer uso do fitoterapico com seguranga
(REZENDE; COCCO, 2002). A importancia desse tipo de estudo remete a necessidade de um
conhecimento mais direcionado ao estudo da fitoterapia e do entendimento de qual sua

contribuicdo para a populacao atual.

2.2 Pityrocarpa moniliformis

Pityrocarpa moniliformis (Benth.) Luckow & R.W. é uma planta arborea do Nordeste
do Brasil, pertencente a familia Fabaceae — Leguminosae, que estd distribuida a partir dos
estados do Maranhdo e Piaui até o estado da Bahia, mais especificamente na Caatinga,

Carrasco, Serido, Cerrado e Agreste, sendo particularmente encontrada no Vale do Rio S&o
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Francisco (BENEDITO, 2011; FERREIRA et al., 2014). Entretanto, sua area de distribuicéo
também inclui a regido de Sucre na Venezuela (QUEIROZ, 2009).

Popularmente conhecida como “angico-de-bezerro”, “catanduba”, “quipembé” (PE),
“surucucu” (BA), “carrasco” (PA) ¢ “muquém”, é uma arvore que pode atingir entre 4 e 10 m
de altura, com copa arredondada e bipinadas (Figura 1), flores amareladas em forma de
espigas cilindricas (Figura 2) e frutos denominados vagens (Figura 3), € considerada
economicamente relevante como espécie forrageira, para a extracdo de taninos, e para a
apicultura (SANTOS et al. 2004; LUCKOW 2005; SODRE et al. 2008).

Figura 1. Pityrocarpa moniliformis (BENTH) LUCKON & R. W. JOBSON.

Fonte: Nunes, 2007.

E uma espécie ristica, de crescimento rapido, indicada para reflorestamentos
heterogéneos com fins preservacionistas e recomendada como forragem para bovinos e ovinos
(AZEREDO et al., 2010). Na regido Nordeste do Brasil, onde a apicultura tem como fonte as
flores de plantas nativas, esta espécie destaca-se como planta melifera em potencial. Suas
flores sdo apreciadas pelas abelhas, fornecendo mel de excelente qualidade (SILVA et al.,
2004).
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Figura 2. Folhas e Flores de Pityrocarpa moniliformis.

M - A",‘ 7S ’_‘h - % %
Fonte:http://rubens-plantasdobrasil.
novembro de 2017.

Fonte: http://fm2.fieldmuseum.org/plantguides/view.asp?chkbox=18902, acesso em 08 de novembro de 2017.

Esta espécie ainda é pouco explorada em relacdo a seu potencial farmacologico, mas
estudos recentes revelaram um potencial microbioldgico e antioxidante significativo.

Os estudos de Trentin et al. (2014) e (2015), demonstraram alta eficiéncia na inibicéo
do crescimento de Pseudomonas aeruginosa, além de evitar a formacao de biofilme por varias
espécies de bactérias. Nos trabalhos de Silva et al., (2013a) e (2013b) esta planta apresentou
atividade microbiana contra Staphylococcus aureus quando foi testado o seu potencial
isoladamente e em sinergismos com o antibidtico eritromicina, sendo a atividade positiva

atribuida a alta concentracéo de compostos fendlicos em seus extratos (quercitina, rutina).


http://fm2.fieldmuseum.org/plantguides/view.asp?chkbox=18902
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Em estudos sobre o potencial antioxidante desta espécie, sua alta atividade foi
correlacionada com a presenga de compostos fendlicos e flavonoides nos extratos testados
(ALVES et al., 2014; DA SILVA et. al., 2011). Além disso, os extratos de P. moniliformis
mostraram-se ricos em compostos com atividade larvicida contra Aedes aegypti L. (FARIAS,
2010).

2.3 ENSAIOS DE TOXICIDADE

O aumento do uso de plantas medicinais mostrou ao longo dos anos, que determinadas
plantas apresentam substéncias potencialmente nocivas. Pesquisas demonstraram que muitas
destas substancias sdo agressivas, devendo ser utilizadas com cautela, respeitando seus riscos
toxicolégicos (VEIGA-JUNIOR; PINTO; MARCIEL, 2005). Como exemplos de algumas
substancias que causam efeitos toxicos o apiol, o safrol, lignanas e alcaloides pirrolizidinicos
que causam toxidez para as células do figado (VEIGA-JUNIOR; PINTO; MARCIEL, 2005).
Efeitos de toxicidade renal s&o causados por terpenos e saponinas, substancias muito comuns
nas espécies vegetais (CAPASSO et. al., 2000). Além disso, diversas substancias isoladas de
plantas medicinais possuem atividades citotoxicas, genotoxicas e mutagénicas, mostrando
uma relacdo com a incidéncia de tumores (AMES, 1983; MORTELMANS; ZEIGUER,
2000).

Diante disso, é evidente a importancia da avaliacdo do estudo tdxico das plantas
medicinais e de seus constituintes através de estudos cientificos necessarios para que a
populacdo tenha acesso a uma terapia alternativa segura e de qualidade. Esses estudos de
toxicidade tem por objetivo caracterizar potenciais efeitos toxicos dos componentes ativos do
produto, estimar o grau de perigo e entender o mecanismo de toxicidade induzido pelo
produto. A toxicidade é um parametro necessario de qualquer estudo in vivo ou in vitro que
atende a esse objetivo (PURCHASE et al., 1998) e séo realizados seguindo-se protocolos bem
aceitos internacionalmente, ainda que, dentro do aprovado, as exigéncias legais variem de pais
a pais (LAPA et al., 2003).

Sendo assim, 0s principais testes toxicologicos normalmente requeridos sao:
toxicidade aguda, toxicidade sub-crénica, toxicidade crdnica, genotoxicdade, mutagénese,
citotoxicidade, carcinogénese, reproducao e teratogénese, toxicocinética, efeitos locais sobre a
pele e olhos, sensibilizacdo cutanea e ecotoxicidade (SPIELMANN, 2002; BARROS;
DAVINO, 2003).
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2.3.1 Toxicidade Oral Aguda

Os estudos de toxicidade oral aguda avaliam os efeitos nocivos que ocorrem em um
breve periodo de tempo, apds a administracdo Unica ou mudltipla dentro de 24 horas, de
elevadas doses da substancia avaliada. Assim, podem fornecer subsidios referentes aos riscos
a salde apés uma exposicdo de curta duracdo (BRITO, 1994; DIPASQUALE; HAYES,
2001).

Estes testes sdo conduzidos com o propoésito de expressar a poténcia das substancias
em termos de dose letal média (DLso- dose letal 50% - dose que mata 50% dos animais) ou da
concentracdo letal média (CLso concentragdo letal 50% - concentracdo que mata 50% dos
animais exposto ao produto testado) (AMENI, 2011). Desta forma, os efeitos observados nos
animais sdo relacionados a quantidade de produto administrado, a morte do animal, sendo o
principal ponto analisado e os efeitos adversos que possam ser atribuidos a substancia durante
0 periodo estudado. Portanto, os resultados obtidos através do teste de toxicidade aguda se da
pela caracterizacdo da relagdo dose-resposta, de tecidos e drgaos alvo por meio de avaliagcoes
macro e microscopicas, além de outros pardmetros como o inicio, a natureza e a duracdo da
intoxicacdo associada a morte. Além disso, estes testes permitem identificar os agravos
referentes as diferentes vias de exposicdo e diferencas entre 0s sexos ou idades dos animais
(CORREA; BOFF; 2009).

2.3.2 Citotoxicidade

Um dos ensaios citotdxicos in vitro mais utilizados é baseado no teste colorimétrico
com o sal de tetraz6lio MTT - brometo de [3-(4,5-dimetiltiazol-2-il)-2,5-difeniltetrazolio],
este ensaio mede a viabilidade celular, de modo que é efetuada sua leitura em
espectrofotdbmetro de varredura de multiplos pogos, se tornando um protocolo versatil e
quantitativo (MOSMAN, 1983). O ensaio de MTT avalia a atividade oxidativa mitocondrial,
ou seja, o sal é reduzido nas mitocondrias das celulas vivas, através da clivagem da enzima
succinato desidrogenase, em cristais de formazan, de coloracdo purpura (Figura 4), estes
cristais sdo extraidos através da adicdo de um solvente apropriado. A variavel resultante da
quantidade de cristais formados é diretamente proporcional ao nimero de células viaveis.

Este ensaio apresenta-se mais rapido, seguro e com alto grau de precisdo quando
comparado a outros metodos colorimétricos ou outras técnicas como as radioativas (ensaio
que consiste na capacidade das células de incorporar substancias radioativas ou na capacidade
de liberar um marcador radioativo) (MOSER, 2011).
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Figura 4. Redugdo do MTT por enzimas mitocondriais.
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Fonte: GOMES, 2008.

Apesar das inimeras vantagens, 0 ensaio MTT possui algumas limitagdes como a falta
de linearidade frente a densidades celulares elevadas. Esta situacdo é corrigida mediante
padronizacdo da técnica de acordo com a linhagem celular a ser utilizada. Outra desvantagem
estd no fato de diferentes linhagens diferirem na capacidade de reduzir o corante. No entanto,
a grande vantagem € que as células mortas ndo podem interferir nos niveis de absorbancia
porque apenas as células metabolicamente ativas podem reduzir o sal de tetrazolio ao seu
produto formazan. Todavia, pode ocorrer reducdo do MTT em células em apoptose em

estagios iniciais visto que as mitocondrias permanecem intactas (LOTZE; THOMSON, 2005).

2.3.3 Genotoxicidade e Mutagenicidade

Os efeitos genotdxicos de uma substancia sdo baseados na sua habilidade de induzir
modifica¢cBes no material genético do organismo a ele exposto. Essas substancias interagem
guimicamente com o material genético, causando alteracdes oxidativas ou mesmo quebras na
molécula de DNA. Na grande maioria dos casos, 0 dano é reparado pelo préprio organismo ou
a célula é eliminada. Caso essa lesdo seja fixada, as alteracfes podem se perpetuar nas células
filhas durante o processo de replicagcdo (WHITE; RASMUSSEN, 1998; SASAKI et al. 2000;
OBE et al., 2002; WASSON; MCKELVEY-MARTIN; DOWNES, 2008). A genotoxicidade
de um composto pode ser avaliada por meio de ensaios que investiguem o dano
cromossdmico como o de eletroforese em gel, conhecido como ensaio cometa.

No entanto, a mutagenicidade se caracteriza pela inducdo de alteragcdes transmissiveis
e permanentes da quantidade ou da estrutura do material genético (SASAKI et al. 2000;
WASSON; MCKELVEY-MARTIN; DOWNES et al., 2008). Apesar de ocorrerem mutacdes

espontaneas, que surgem na auséncia do efeito de um mutageno conhecido, a maioria delas é
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induzida por agentes fisicos, quimicos ou biolégicos, aos quais os seres humanos e outros
organismos podem ser expostos (GAMEIRO, 2005; CALVIELLO et al., 2006). O efeito
mutagénico pode ser determinado através de ensaio in vitro ou in vivo. Um dos ensaios de
mutagenicidade é o teste do micronucleo (MN), um bioindicador do efeito clastogénico
(quebra de cromossomos) ou aneugénico (segregacdo cromossomica anormal), que revela a
instabilidade gendmica (LINDBERG et al 2007; IARMARCOVAI et al. 2009; THIERENS;
VRAL, 2009; MUGHAL et al. 2010; TERRADAS et al. 2010).

2.3.3.1 Ensaio Cometa

O ensaio cometa ou teste do cometa foi proposto inicialmente em 1984 com objetivo
de pré-determinar a eficiéncia da radioterapia e quimioterapia em células de tumores humanos
in vivo, com a vantagem de ndo precisar utilizar marcadores radioativos e precisar de um
pequeno nimero de células para execugdo do ensaio (OSTLING; JOHANSON, 1984).

Este ensaio baseia-se na medida de fragmentos de DNA que migram em um campo
elétrico. Primeiramente as células sdo englobadas em gel e espalhadas em uma lamina, e
posteriormente submetidas a uma corrente elétrica que age como uma forca proporcionando a
migracdo desses fragmentos livres, resultantes de quebras, para fora do nucleo. Essas quebras
podem ser de fita simples, dupla, crosslinks, sitios de reparo por excisdo e/ou lesdes alcali-
labeis (locais em que a cadeia polinucleotidica sofre quebra quando ha incubacdo do DNA em
pH elevado (SINGH et al. 1988; TICE et al. 2000).

Apos a eletroforese, as células que apresentam um nucleo redondo sdo identificadas
como normais, sem lesdo detectavel no DNA. Em contra partida, as células danificadas séo
identificadas, visualmente, por uma espécie de cauda, semelhante a um cometa, formada pelos
fragmentos de DNA. Estes fragmentos podem se apresentar em diferentes tamanhos, e ainda
estar associados ao nucleo por uma cadeia simples (DA SILVA et al., 2003; GONCALVES;
CONCEICAO; RESGALL-JUNIOR, 2003; SPIVAK; COX; HANAWALT, 2009). Existe
uma escala visual de dano de acordo com a intensidade ou tamanho da cauda que vai de 0
(sem dano) a 4 (dano maximo) (Figura 5), que pode ser determinada utilizando-se
microscopia (COLLINS, 2004).



29
Rocha, T.A. 2019 Isolamento, Purificagdo e Caracterizagdo de Metabdlitos Secundarios...

Figura 5. Classificacdo do dano do DNA das células analisadas por ensaio cometa. 0 (sem dano aparente); 1
(com pouco dano aparente); 2 (dano médio); 3 (dano médio com cauda mais longa) e 4 (dano maximo).

Fonte: Rocha, 2015.

A execucdo do ensaio cometa é considerada simples, rapida e flexivel, de baixo custo
e requer pouco material para analise. Além disso, pode ser considerada uma técnica confiavel,
sensivel para a deteccdo de baixos niveis de danos de DNA, e requer um periodo de tempo
relativamente curto para completar um experimento (TICE et al. 2000; DUSINSKA,;
COLLINS, 2008; COLLINS et al. 2008). Além disso este teste pode ser realizado em células
ndo proliferativas e a partir de células individuais de diferentes tecidos (LOVELL; OMORI,
2008; BAGATINI; MALUF, 2011).

2.3.3.2 Teste de Micronucleo

O estudo do micronucleo consiste basicamente na exposicdo das células a agentes
mutagénicos, onde micronucleos, que sdo pequenos corpusculos nucleares, sdo perdidos pelo
nacleo principal ou formados por cromossomos inteiros que atrasam na anafase durante a
divisdo celular. Esses corpusculos perdidos ou cromossomos atrasados sdo envolvidos por
uma membrana celular durante a teléfase, aparecendo como pequenos nicleos além do ndcleo
principal (Figura 6) (IARMARCOVAI et al., 2009; THIERENS; VRAL, 2009; CEPPI et al.,
2010).
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Inicialmente desenvolvido da médula dssea de camundongos (SCHMID, 1976) o teste
de microndcleo tem sido recomendado para estudos de monitoramento ambiental, danos
citogenéticos induzidos por radiacGes, estilo de vida, deficiéncias em nutrientes e doencas e,
principalmente, por sua capacidade de detectar agentes clastogénicos e aneugénicos
solicitando, no entanto, proliferacdo celular para a observacdo do biomarcador de efeito.
(SCHMID, 1976; STICH et al., 1998; FENECH, 2000; RIBEIRO; MARQUES, 2003;
PASTOR et al., 2003).

Figura 6. Esquema da formagdo de micronicleos como consequéncia de um dano no DNA de uma célula em
divisdo. (a) Dentro do normoblasto, a cromatina se condensa e o nucleo pinético é expelido formando um
reticuldcito (RET). Os RETs migram a partir da medula 6ssea para a circulacdo periférica, de modo que, 1 ou 2
dias mais tarde amadurece em um eritrocito normocromatico, o qual é caracterizado pela degradacdo do RNA
reticular e perda da expresséo do receptor de transferrina (CD71). O nlcleo é expelido durante a maturagéo de
células vermelhas do sangue e o microntcleo é retido. (b) Fragmento de DNA (micronicleos) em um eritrocito
da amostra de sangue de um rato do tipo selvagem, feito por coloracdo May-Griinwald-Giemsa. (c, d) eritrécitos
micronucleados a partir de uma amostra de sangue preparado pelo método DAPI (4'-6-diamidino-2-fenilindole).
As barras de escala, 5 pM. As setas indicam micronticleos.
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Fonte: Adaptada de Balmus et al., 2014.

A presenca de micronucleos pode ser considerada como uma indicacdo de ocorréncia
prévia de aberracdes cromossdmicas estruturais ou numéricas, em algum momento do ciclo de
vida das células ou exposicdo exdgena a agentes genotdxicos, refletindo inimeras alteracées
cromossdmicas importantes para a carcinogénese (CARRANO; NATARAJAN, 2002).

Deste modo, este teste tem sido amplamente utilizado tanto in vitro como in vivo e in

situ, com a vantagem de ser simples, eficaz e rapido na deteccdo de danos cromossémicos
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induzidos. Além disso, a frequéncia de microntcleos aparece elevada em tecidos expostos bem
antes que qualquer sintoma clinico seja evidente, tornando-o valiosa ferramenta como
biomarcador precoce para o risco do desenvolvimento de cancer (GARAJ-VRHOVAC,;
ZELJEZIC, 2001).

2.4 RADICAIS LIVRES E OXIDANTES

Os radicais livres sdo moléculas ou atomos que possuem a capacidade de existir
independentemente, contendo um ou mais elétrons desemparelhados na sua Orbita externa
(VANNUCCHI et al., 1998). Isto determina uma atracdo para um campo magneético, o que
pode torna-lo altamente reativo, capaz de reagir com qualquer composto situado préximo a
sua Orbita externa, passando a ter uma funcdo oxidante ou redutora. Os radicais livres séo
formados em um cenario de reacdes de dxido-reducdo, isto €, ou cedem o elétron solitario,
oxidando-se, ou recebem outro, reduzindo-se. Portanto os radicais livres ou provocam ou
resultam dessas reacdes de éxido-reducao (HALLIWELL; GUTTERIDGE, 2007).

A incidéncia de radicais livres enddgenos e exdgenos ndo pode ser impedida, e isto é
devido tanto por processos metab6licos normais que ocorrem a todo o momento da vida,
quanto pela acdo de oxidantes do meio ambiente (POLJSAK et al., 2011). Esses radicais
livres sdo gerados a partir de processos aerobicos como a respiracdo celular; processos
infeciosos envolvendo ativacdo fagocitica; durante atividade fisica intensa; ou pela acdo de
poluentes e toxinas, como fumaca de cigarro, alcool, radia¢fes ionizantes e ultra-violeta,
pesticidas e 0zonio (LOBO et al., 2010).

O aumento dessas moléculas no organismo leva a alteracdes em nivel molecular que
estdo associadas a danos das macromoléculas biologicas como lipidios, proteinas e DNA,
gerando alteracGes em diversos tecidos que estdo envolvidos em uma variedade de processos
patologicos, como por exemplo: cancer, aterosclerose, doencas neurodegenerativas, diabetes,
cirrose, artrite reumatoide entre outras (HALLIWELL; GUTTERIDGE, 2000).

No entanto, o excesso de radicais livres pode ser controlado nos seres vivos por
diversos compostos antioxidantes, os quais podem ter origem enddgena, como a superdxido
desmutase, ou serem provenientes da dieta alimentar e outras fontes. Destas ultimas,
destacam-se tocoferdis (Vitamina E), &cido ascorbico (Vitamina C), polifenois, selénio e
carotenoides. Esses antioxidantes possuem a capacidade de estabilizar ou desativar os radicais

livres antes que ataquem os alvos bioldgicos nas células (SOUZA et al. 2007).
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2.4.1 Espécies Reativas de Oxigénio

Vaérias substancias sdo definidas como radicais livres, porém as substancias de maior
interesse sao as espécies reativas do oxigénio (ERO) (Figura 7), produzidas em geral de forma
endogena ou exdgena. As fontes exdgenas das ERO’s incluem a radiagdo, fumo, estresse e
alguns medicamentos (HALLIWELL, 1987). O oxigénio tem papel fundamental no
crescimento e desenvolvimento do organismo, assim como, na producao de espécies reativas
de oxigénio (EROS) que podem desregular processos celulares normais e causar a morte da

célula, tanto no metabolismo animal quanto no vegetal (SLESAK et al., 2007).

Figura 7. Processo de formacdo dos EROs.
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Fonte: Renz, 2003.

O esquema acima (Figura 7) mostra o anion radical superoxido (Oz--), 0 primeiro
intermediario monovalente do oxigénio até a agua, a partir dele, sdo formados os demais
EROs (RENZ, 2003). No processo celular para obtencdo de energia (cadeia respiratoria)
ocorre uma sequéncia de reacGes oxidativas sendo o oxigénio o aceptor final de elétrons.
Dessa sequéncia resultam compostos como o anion superoxido (O»--), o radical hidroperoxila
(HO3¢), o perdoxido de hidrogénio (H,0,) e o radical hidroxila (OHe¢), sendo encontradas em
todos os sistemas bioldgicos (FERREIRA; MATSUBARA, 1997; CATANIA et al., 2009).

As ERO em baixos niveis e em condi¢cBes normais possuem um papel importante em
seres vivos. Um exemplo de suas fungdes no organismo € na resposta imune a infecgdes. Os
fagdcitos em geral possuem um mecanismo de defesa contra corpos estranhos onde ocorre um
alto consumo de oxigénio, geralmente denominado queima ou explosdo respiratoria.
Entretanto, devido a sua elevada reatividade, o acimulo de ERO além das necessidades
imediatas da célula pode afetar a estrutura celular e a integridade funcional, ao provocar a
degradacdo oxidativa de moléculas criticas, tais como 0 DNA, proteinas e lipidios (CUI et al.,
2004).

No organismo humano existem alguns mecanismos de defesa antioxidante contra essas
moléculas, como enzimas e 0s antioxidantes nos alimentos que estdo ligados aos outros e

equilibram as EROs. Quando os mecanismos de protecdo antioxidante se tornam ineficientes
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por fatores como idade, pode ocorrer deterioracdo das funcgdes fisioldgicas, resultando em
doengas e aceleragéo do envelhecimento (LEE et al., 2004; MORAIS et al., 2006).

2.4.2 Antioxidantes

De forma geral, denominam-se antioxidantes biol6gicos quaisquer composto, que quando
presente em uma concentracdo mais baixa comparado ao substrato oxidavel é capaz de atrasar ou
prevenir a oxidacdo do substrato. As fungfes dos antioxidantes estdo implicadas em diminuir o
estresse oxidativo, mutaces de DNA, transformacfes malignas, dentre outros parametros de dano
celular (GODIC et al., 2014).

Os antioxidantes podem ser classificados a partir de dois mecanismos de a¢do, como
primarios e secundarios. Os antioxidantes primarios atuam como doadores de protons e
impedem o processo de iniciacdo desencadeado pelos radicais livres, ao converté-lo em
produtos mais estaveis termodinamicamente. Enquanto que os antioxidantes secundarios
atuam bloqueando a reacdo em cadeia através de captacdo de intermediarios reativos, como 0s
radicais peroxila e alcooxila (NACZK; SHAHIDI, 2004).

Essas substancias com capacidade antioxidante podem atuar em diferentes niveis na
protecdo dos organismos (BIANCHI; ANTUNES, 1999): Atuam no mecanismo de defesa
contra os radicais livres impedindo sua formacao, principalmente pela inibicdo das reagcdes em
cadeia com o ferro e o cobre; sdo capazes de interceptar os radicais livres gerados pelo
metabolismo celular ou por fontes exdgenas, impedindo o ataque sobre os lipideos, 0s
aminoacidos das proteinas, a dupla ligagdo dos acidos graxos poli-insaturados e as bases do
DNA, evitando a formacgéo de lesdes e perda da integridade celular, como por exemplo, 0s
antioxidantes obtidos da dieta, tais como as vitaminas C, E e A, os flavonoides e carotenoides;
reparam lesdes causadas pelos radicais, processo relacionado com a remocédo de danos da
molécula de DNA, a reconstituicdo das membranas celulares danificadas; e em algumas
situacOes pode ocorrer 0 aumento da sintese de enzimas antioxidantes em resposta a
adaptacdo do organismo contra a geragédo desses radicais.

Adicionalmente, antioxidantes podem ser sintéticos, como o butil-hidroxianisol (BHA) e
o butil-hidrotolueno (BHT), largamente utilizados pela indistria de alimentos; ou naturais,
substancias bioativas, como compostos organossulfurados, fendlicos e terpenos, que fazem parte
da constituicdo de diversos alimentos (KITTS, 1994). Os Antioxidantes naturais sdo originados
principalmente de plantas na forma de compostos fendlicos (flavonoides, acidos fendlicos,

alcoois, estilbenos, tocoferais, tocotrienois), acido ascorbico e carotenodides (REDDY et al., 2012).



34
Rocha, T.A. 2019 Isolamento, Purificagdo e Caracterizagao de Metabolitos Secundarios...

2.4.3 Compostos Fendlicos e Atividade Antioxidante

Os compostos fendlicos sdo caracterizados por ter pelo menos um anel aromatico com
um ou mais grupamento hidroxila. Essas moléculas séo oriundas do metabolismo secundario
de plantas que possuem elevada diversidade estrutural variando de moléculas simples tais
como os acidos fendlicos (Figura 8a), para compostos altamente polimerizados, tais como
taninos (Figura 8b), apresentando mais de 8.000 substancias ja descritas (BRAVO, 1998).
Esses compostos sdo biossintetizados a partir da via dos fenilpropandides e séo
frequentemente conjugados com acucares, outros fenolicos e poliamidas (TORRAS-
CLAVERIA et al., 2012). Tais substancias ocorrem naturalmente em frutas, vegetais, nos
chés e nos vinhos tintos e fazem parte integral da dieta humana (MANACH et al., 2005;
MEZADRI et al., 2008; TULIPANI et al., 2008; LASKAR et al., 2010).

Figura 8. Acido fendlico (a) e Acido tanico (b).
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Fonte: Bravo, 1998.

Dentre as diversas classes de substancias antioxidantes de ocorréncia natural, os
compostos fendlicos tém se destacado nos Gltimos anos, sobretudo por retardarem a
degradacdo oxidativa (SREERAMULU; RAGHUNATH, 2010). Acredita-se que a estrutura
quimica dos polifendis estd diretamente relacionada com sua biodisponibilidade e atividade
bioldgica e, além disso, exista uma variedade individual do metabolismo e biodistribuicdo
desses compostos em humanos (MONTEIRO et al., 2007).

A natureza quimica dos compostos fendlicos esta intimamente correlacionada com seu
potencial antioxidante. Desta forma, a associagcdo desses compostos com outros agentes

redutores tais como vitamina C, vitamina E e carotenoides, podem proteger tecidos e
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estruturas celulares contra danos oxidativos (VINSON; DABBAG, 1998; PRASAD et al.,
2009). Além disso, estas substancias sdo capazes de inibir a oxidacdo de diversos substratos
através da captacdo de radicais livres, blogueando reacdes em cadeia e algumas vezes agindo
como quelantes de metais (SHAHIDI et al., 1992), atuando tanto na etapa de iniciagdo como
na propagacdo do processo oxidativo. Os produtos intermediarios, formados pela acdo destes
antioxidantes, sdo relativamente estaveis devido a ressonancia do anel aromatico apresentada
por estas substancias (SOARES et al., 2002).

Além do efeito antioxidante, compostos fendlicos também possuem outras
propriedades, dentre elas, atividade antiinflamatéria, anti-agregacdo plaquetaria, diurética,
antiviral e anticarcinogénica, sendo também benéficos ao sistema cardiovascular por sua
participacdo na vasodilatacdo (RICE-EVANS, 1996; NEIVA et al., 1999; PRASAD et al.,
2009).

2.5 ANTIMICROBIANOS

O desenvolvimento de agentes antimicrobianos surgiu com a descoberta das
sulfonamidas em 1935. E logo em seguida na década de 1940, foi demonstrado que a
penicilina e a estreptomicina poderiam ter uma terapéutica eficaz. A partir dai, foi
desencadeada uma busca de novas substancias de origem microbiana, surgindo o
desenvolvimento de novas classes de agentes antimicrobianos como tetraciclina, a quinolona
e 0s aminoglicosidios (JAWETZ; MELNICK; ADALBERG, 1998; NORRBY; NORD,
2005).

O agente antimicrobiano ideal necessita apresentar algumas propriedades como a
chamada toxicidade seletiva, isto €, o fa&rmaco deve ser prejudicial ao parasita e ndo ao
hospedeiro, sendo assim, em doses tolerantes ao hospedeiro, o farmaco tem a capacidade de
lesar o parasita (JAWETZ; MELNICK; ADALBERG, 1998; BLACK, 2002). Além disso,
esses agentes também devem agir sobre as bactérias susceptiveis afetando seu crescimento e
reproducao, causando um efeito bacteriostatico, e/ou induzindo sua morte, causando um efeito
bactericida (FERREIRA, 2007).

O mecanismo de acdo de antimicrobianos se baseia principalmente na inibicdo da
sintese da parede celular e/ou membrana plasmatica, atuando na atividade enzimatica ou
estrutura do protoplasma bloqueando certas rea¢fes enzimaticas, bem como atuam na inibigéo
de proteinas e &cidos nucléicos (JAWETZ, MELNICK, ADALBERG, 1998; TORTORA,
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FUNK, CASE, 2003; BLACK, 2002; TRABULSI; TOLEDO, 2004) e como antimetabolito
(BLACK, 2002).

E inquestionavel que o desenvolvimento dos antibi6ticos possibilitaram importantes
intervencgdes farmacologicas em relacdo a reducdo da morbidade e mortalidade humana. No
entanto, seu uso intensivo aumentou drasticamente a frequéncia da resisténcia dos patdgenos
humanos, reduzindo a probabilidade de tratar com eficécia as infec¢Bes, aumentando o risco
de complicagdes e um desfecho fatal (WOODFORD; LIVERMORE, 2009; LEW et al., 2009;
ANDERSSON; HUGHES, 2010).

2.5.1 Resisténcia a Antimicrobianos

Resisténcia a um antibidtico significa que um microrganismo antes sensivel a acdo de
um antibidtico ndo é mais afetado por ele. Um fato relevante na resisténcia dos
microrganismos aos antibioticos € que muitas drogas sdo bacteriostaticas (BLACK, 2002). O
uso inadequado de drogas também vem agravando o problema de resisténcia dos
microrganismos, além de outros fatores, como o aparecimento de cepas bacterianas
multirresistentes (FERREIRA, 2007) A resisténcia bacteriana tornou-se um grande problema
frente as doencas infecciosas, pois ja houve casos de patdgenos resistentes a maioria dos
medicamentos disponiveis no mercado, aumentando assim 0s custos com o0s servicos de saude
(ORLANDO, 2005).

As bactérias podem desenvolver mecanismos de resisténcia aos antimicrobianos, que
podem ser naturais ou adquiridos. Os mecanismos naturais sao caracteristicas de algumas
bactérias e conferem resisténcia a um antibiético de todas as cepas dessa espécie bacteriana.
Enguanto que a resisténcia adquirida ocorre devido a uma mutagdo genética, tanto em nivel
cromossomal, pela alteracdo de DNA bacteriano, como extracromossomal, pela transferéncia
de DNA, geralmente pelos plasmidios de resisténcia (NORMARK; NORMARK, 2002).

Multiplos sdo o0s mecanismos de resisténcia adquirida, incluindo perda da
permeabilidade da membrana, ocorrendo modificacdo das proteinas da membrana e
impedindo assim, a passagem dos antimicrobianos (ex. quinolonas), alteracdo do sitio de
ligacdo (ex. eritromicina), superproducdo de enzimas-alvo (ex. sulfonamida), sintese de
enzimas que inativam o farmaco (ex. a-lactanicos) e rotas metabolicas alternativas (ex. sulfas)
(MOREIRA, 2004).

O uso indiscriminado de antibioticos, tendo como principais fatores determinantes a

automedicagdo e a prescricdo indevida desses medicamentos pelos profissionais de salde,
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favorecem o crescimento de cepas resistentes. Estima-se que cerca de 20 a 50% dos
antimicrobianos prescritos sdo desnecessarios. Podemos citar como exemplo a indicagdo de
antibioticos para o tratamento de infeccdes das vias respiratorias superiores — como resfriado
comum, infeccdo de ouvido (otite média), garganta dolorida, tosses e bronquites — apesar das
evidéncias de ineficiéncia desses agentes para essas doencas, por serem frequentemente de
etiologia viral (VIKSVEEN, 2003; NORBY; NORD, 2005).

Diante disso, algumas medidas devem ser tomadas para resolver esse problema, como
controlar o uso indiscriminado dos antibioticos, ampliar os estudos sobre o mecanismo
genético de resisténcia e continuar as pesquisas para desenvolver novas drogas. Assim, as
pesquisas que visam o estudo e avaliagcdo dos produtos obtidos de recursos naturais como
terapéuticos e/ou com atividade antimicrobiana devem ser ampliadas no intuito de criar novas
drogas e melhorar as ja existentes, para que estas voltem a ter alguma atividade (COUTINHO
et al., 2003/2004).

2.5.1.1 Formacao de Biofilme

Uma das estratégias desenvolvidas pelos micro-organismos para sua sobrevivéncia em
ambientes com condi¢cOes adversas é a formacdo de biofilme (TRACHOO, 2003). O biofilme
microbiano é definido como uma associacdo de células bacterianas e fangicas, fixadas as
superficies, bidticas ou abidticas, inclusas em uma complexa matriz extracelular de
substancias poliméricas (LUCCHESI, 2006), podendo provocar uma alteracdo fenotipica de
células planctonicas (vida livre) para a forma séssil. Ceélulas que crescem em biofilme
expressam propriedades distintas das células planctonicas, uma destas é o aumento da
resisténcia aos agentes antimicrobianos e biocidas (LECHEVALIER; CAWTHON; LEE,
1988; HOLAH et al., 1990; MOSTELLER; BISHOP, 1993; WALKER; ROGERS; KEEVIL,
1994; EGINTON et al., 1998; TRACHOO, 2003).

Esta resisténcia €, em parte, atribuida a matriz polimérica, pois parece funcionar como
uma barreira protetora contra fatores agressivos externos, como os biocidas (PEREIRA,
2001). A elevada resisténcia de biofilmes bacterianos, pode ser explicada pela difuséo
limitada de agentes antimicrobianos por meio da matriz do biofilme, interacdes de agentes
antimicrobianos com a matriz (células e polimeros), resisténcia mediada por enzimas,
adaptacdo genética, niveis de atividade metabolica dentro do biofilme, e outros fatores inter-
relacionados, como as barreiras de difusdo, ultraestrutura da parede celular e atividade
metabdlica diferencial (CAIXETA, 2008).
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A formacdo do biofilme inicia-se quando células planctdnicas (células de vida livre)
sdo ativadas por mudancas na expressao génica (sistema “quorum sensing”) e tornam-Se
capazes de se fixar a praticamente qualquer superficie. Essas bactérias aderidas multiplicam-
se e encapsulam as coldnias com uma matriz de substancia extracelular polimérica (EPS).
Entre essas células ha a formacdo de canais que facilitam a difusdo dos nutrientes na matriz. A
proximidade dessas células facilita a troca de sinais moleculares que regulam o
comportamento, a estrutura e a dindmica dessa comunidade séssil microbiana. Além disso, ha
gradientes quimicos que geram microambientes para diferentes espécies microbianas ou
niveis de atividade. Em determinadas condi¢des, como falta de nutrientes ou uso de biocidas,
ocorre a cisdo de um agregado celular ou a migracdo de células planctonicas, a fim de
colonizar outros ambientes (HALL-STOODLEY; COSTERTON; STOODLEY, 2004) (figura
9).

Figura 9. Etapas da formac&o de biofilme. 1: adesdo bacteriana, 2: comunicacéo celular microbiana, 3:
maturagdo e disperséo.
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Fonte: Adaptada de Macedo e Abraham, 2009.

O fato de o biofilme conferir maior protecdo aos microrganismos, a utilizacdo de
antimicrobianos se torna menos eficiente, gerando uma presséo seletiva que pode acarretar no
desenvolvimento de resisténcia a esses farmacos (TENOVER, 2006). Infeccdes resistentes a
antibidticos duplicam o tempo de estada no hospital e o nimero de mortes quando
comparadas com infecgBes susceptiveis (DONELLI, 2007; STAR; KUPFERBERG, 2004).
Essa situagdo alarmante também ocorre quando o microrganismo causador da infeccdo é
capaz de formar biofilme, o que coloca a vida do paciente em risco e aumenta 0 custo
hospitalar (STAR; KUPFERBERG, 2004).
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Portanto, é de grande importancia sanitaria e econdmica a descoberta de moléculas
capazes de inibir a formacdo ou destruir biofilmes j& formados, visto que diminui a viruléncia

dos microrganismos e 0s gastos hospitalares.

2.5.2 Produtos Naturais e Atividade Antimicrobiana

O uso de antimicrobianos obtidos de produtos naturais, como extratos vegetais tende a
ser uma alternativa interessante para reduzir ou eliminar micoorganismos patogénicos,
levando assim ao aumento da procura dessas novas alternativas terapéuticas (BURT, 2004;
SILVA et al., 2010). Além disso, devido ao aumento de cepas bacterianas resistentes, houve
um aumento no numero de publicacdes sobre atividade antibacteriana de extrato de plantas
(ELOFF, 1998). Trabalhos realizados por Dimitrova et al., (2017) sobre a atividade
antimicrobiana de extratos vegetais frente a isolados de Staphylococcus spp., constataram
dentre os extratos metandlicos e fracdes de plantas, que a maioria deles apresentaram alguma
inibicdo ou inativacdo sobre Staphylococcus spp.

A estrutura quimica dos antibioticos vegetais diferem daqueles derivados de micro-
organismos, podendo regular o metabolismo intermediario de patdgenos, ativando ou
bloqueando reacOes e sintese enzimatica ou mesmo alterando a estrutura de membranas
(MICHELIN et al., 2005). As plantas sdo capazes de produzir diferentes substancias toxicas
em grandes quantidades, aparentemente para sua defesa contra virus, bactérias, fungos e
animais predadores. Muitas dessas substancias sdo responsaveis pelas suas propriedades
medicinais e aromaticas que sdo utilizadas na medicina popular e despertam interesse
cientifico pelas suas atividades bioldgicas (LAPA et al., 2002).

Estes compostos sdo produzidos a partir do metabolismo secundario das plantas, tendo
uma composi¢do quimica muito diversificada, mas enfatizando o interesse em compostos com
grande acdo antimicrobiana podemos citar: os terpendides (monoterpenos, sesquiterpenos,
diterpenos e saponinas), compostos fendlicos (fendis simples, taninos, dibenzofuranos e
flavonoides), compostos nitrogenados (alcaloides, polipeptideos ciclicos, glicosideos),
cumarina e canfora (RESCHKE et al., 2017; SIMOES et al., 2003).

Os compostos isolados de plantas apresentam estuturas quimicas, com raras excecoes,
que possuem grandes diferencas estruturais em relacdo ao antibioticos derivados de
microorganismos (GONCALVES et al., 2005). Os estudos sobre o mecanismo responsavel
pela acdo antimicrobiana dos principios ativos extraidos das plantas mostraram a relacdo do

metabolismo intermediario da bactéria através do bloqueio de rea¢Bes quimicas, da agédo
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direta sobre a atividade enzimética, ou mesmo de alteracdes nas estruturas de membrana
(SINGH; SHUKLA, 1984; COWAN, 1999; BURT, 2004).

As substancias antimicrobianas nas plantas sdo detectadas pela observacdo do
crescimento de microorganismos colocados em contato com tecidos e ou extratos, e para
detectar estas substancias sdo utilizadas diversos métodos, diferenciados pela sensibilidade ou
principios. A regido ou estrutura da planta e suas caracteristicas fisioldgicas também séo
determinantes para a medicdo da atividade antibiotica, bem como a forma de uso como suco,
6leo essencial e extracdo por 4gua ou outros solventes (SOUZA et al., 2000).

Diversos métodos sao utilizados para esse efeito e como ndo sdo todos baseados no
mesmo principio, os resultados obtidos serdo também profundamente influenciados, ndo sé
pelo método escolhido, mas também pelos micoorganismos utilizados para realizar o teste, e
pelo grau de solubilidade de cada teste (SILVEIRA et al., 2009). Os principais métodos
microbiologicos de deteccdo de atividade antimicrobiana encontrados na literatura tanto para
deteccdo na atividade de bactérias como fungos podem ser classificados em trés tipos: ensaios
biogeograficos, de difusdo e de dilui¢do (SILVEIRA et al., 2009).

A bioautografia € um método Util para a localizacdo de substancias com a¢édo
antimicrobiana, sendo em um extrato ou em fracdes complexas, como os derivados dos
produtos naturais (CAMPOS, 2006). Nesta técnica, um meio de cultura sélido, fundido e
inoculado, é aplicado sobre a placa cromatografica na qual foi eluido o extrato ou frag&o.
Durante o periodo de incubacdo da placa, os compostos ultrapassardo o meio por difuséo,
formando zonas de inibicdo do crescimento microbiano (CAMPOS, 2006). A comparagdo
desenvolvida pelo cromatograma sob circunstancias idénticas e visualizada com o uso de
reagentes apropriados pode fornecer informagdes Uteis sobre a natureza de compostos ativos,
permitindo um isolamento biodirecionado (CAMPOS, 2006; VALGAS et al., 2007). Uma
vantagem deste metodo € a possibilidade de usar para fases modveis solventes de baixa
volatilidade (VALGAS et al., 2007).

Os métodos de diluicdo in vitro detectam possiveis atividades antimicrobianas de
compostos, utilizando métodos celulares sem alvo especifico (SARTORI, 2005). O ensaio
para a determinacdo da concentracdo inibitéria minima (CIM), ou Minimum Inibitory
Concentration (MIC), € obtido atraves da macro ou microdiluicdo de compostos que consiste
em se preparar diluigdes sucessivas do antimicrobiano a ser testado, em meios de cultura
solidos ou liquidos, semear o microrganismo e ap6s a incubagdo verificar a menor

concentracdo (maior diluicdo) do antimicrobiano que inibiu o crescimento do microrganismo.
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Para a determinacdo dos resultados pode-se usar a verificagao visual por turbidez, mensurar a
viabilidade e proliferacdo das células através de corantes indicadores de oxi-redugdo como
Alamar blue e Cloreto de 2,3,5-trifeniltetrazélio ou utilizar aparelhos, como o
espectrofotdbmetro (PFALLER; BARRY, 1994; CLSI, 2003; BAKER; TENOVER, 1996;
DUARTE et al., 2005).

Determina-se a CIM como sendo a concentragdo mais baixa de um agente
antimicrobiano que impede o crescimento visivel de um microrganismo no teste de
sensibilidade por diluicdo em &gar ou caldo (CLSI, 2002; 2003). As vantagens desse método é
proporcionar mais informacdes quantitativas e poder ser aplicado a uma variedade mais ampla
de isolados do que as provas por difusdo (KONEMAN et al., 2001).

Ja 0 método de difusdo em disco baseia-se nas provas de sensibilidade antimicrobiana
estabelecendo a dose responsavel pela curva de crescimento dada por um determinado inéculo
contra um dado antimicrobiano, seja ele um antibiotico, extrato vegetal ou composto isolado
de um extrato (COLE, 1994; KONEMAN et al., 2001). Nesta técnica, utilizam-se discos de
papel impregnados com quantidades definidas do antimicrobiano. Estes discos séo colocados
em contato com a superficie imida do agar, j& semeado com uma suspensao microbiana. A
amostra € absorvida pelo papel de filtro e 0 seu contetdo se difunde no meio circundante.
Apos a incubagdo, na placa semeada com a suspensdo bacteriana, ocorre o desenvolvimento
das células no agar e, simultaneamente, a difusdo do antimicrobiano. Na area onde o
antimicrobiano é suficiente para impedir o crescimento do microrganismo, pode ser
observado o halo de inibicdo (COLE, 1994; KONEMAN et al., 2001).
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Abstract

This study aimed to investigate the efficiency of different extraction techniques and solvents
to obtain compounds with antioxidant activity of the leaves of Pityrocarpa moniliformis. The
extracts were obtained by extraction by maceration (EM), Soxhlet apparatus (ESA),
ultrasound (UAE), solvent accelerated extraction (ASE) and Supercritical Fluid (SFE) using
three solvents (Cyclohexane, Ethyl Acetate and Methanol) and tested by four antioxidant
methods (Sequestration of radicals DPPH and ABTS, phosphomolybdenum and iron reducing
power). The total phenolic content and flavonoids were measured by the methods Folin-
Ciocalteu and aluminum chloride, respectively. The technique considered most effective in
relation to yield and extraction time was ASE. The methanolic extracts exhibited higher
phenolic and flavonoid contents as well as better antioxidant activities. The methanolic
extracts presented three major compounds with Retention time (Rt) of 1.73, 4.52 and 7.90 in
all techniques analyzed by High Performance Liquid Chromatography (HPLC). The
methanolic extracts of the ASE were followed for fractionation in FLASH chromatography,
obtaining 45 fractions, which showed increase of DPPH activity in relation to the extracts.
The antioxidant activity of P. moniliformis shows that this species can be considered as a

promising source of bioactive compounds.

Keywords: antioxidant agents; caatinga; DPPH; oxidative stress; phenolic compounds.

1. INTRODUCION

Pityrocarpa moniliformis is an arboreal plant in the Northeast of Brazil, occurring
disjunct in dry forests of the region of Sucre (Venezuela). Because it is an endemic plant of
the caatinga, which presents several plant species with great therapeutic and pharmacological

potential [1-4] and being a species still little explored, there is a need for more in-depth
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studies about its biological activities. Recent studies have revealed a significant antioxidant
potential as well as promising antimicrobial activity [5-7].

Antioxidant agents are of great importance to inhibit the processes of oxidative stress
that triggers problems in animal metabolism [8]. The oxidation process is essential in the
production of energy by biological systems [9], because they are related not only to energy
production but to cell growth, intercellular signaling and synthesis [10]. However, excess
oxidation reactions become detrimental by causing peroxidation of membrane lipids,
aggression to tissue and membrane proteins; as well as damage to enzymes, carbohydrates
and DNA [11]. Phenolic compounds are well known in the literature as antioxidants, mainly
because of their oxide-reduction properties, which may play an important role in the
absorption and neutralization of free radicals, chelating oxygen or decomposing peroxides
[12-16].

The isolation and identification of phenolic compounds from medicinal plants depends
mainly on the extraction solvent and the technique used. Several extraction techniques have
been previously reported to extract phenolic compounds from plant materials such as
microwaves [17] ultrasound-assisted methods [18], methods of extracting supercritical fluids,
technique of the stirring flask [19], reflux [20] and the extractions of Soxhlet [21]. In addition,
there are few studies that report the phenolic compounds found in the species P. moniliformis
and the relation of these compounds with the high antioxidant activity of this plant. Apart
from that, the analysis of the best extraction technique to obtain compounds with antioxidant
activity and the isolation and identification of these compounds were not developed for this
species. Thus, the objective of this study was to investigate the efficiency of different
extraction techniques and solvents to extract compounds with antioxidant activity obtained

from the leaves P. moniliformis.
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2. MATERIALS AND METHODS
2.1 Collection of material and extraction solvents

Leaves of P. moniliformis were collected in the Parque Nacional do Catimbau, in
Buique, Pernambuco. The material was taken to the forced air circulation oven (40-45 °C) for
a period of three to four days. The samples were also identified according to the usual
taxonomic techniques and deposited in the Herbarium of the Instituto Agronémico de
Pernambuco (IPA) (code 84.048). The plant material was processed in a bench mill and
subjected to different extraction methods following the eluotropic order of the solvents:
cyclohexane, ethyl acetate and methanol. The samples were rotated and left at room
temperature for complete drying of the solvent. All extracts obtained were stored at -20 °C for

further analysis.

2.2 Extraction methods

a) Extraction by Maceration (EM): 30 g of the dried and ground vegetable material was
added to 300 ml of cyclohexane and subjected to successive extractions, remaining under
mechanical stirring for 72 h at room temperature (25-27 °C). The obtained cyclohexane
extract was filtered and maintained at a temperature of £ 4 °C. To the residue was added
cyclohexane again and the same extraction procedure repeated 3 more times. The same
procedure was performed for the solvents ethyl acetate and methanol following the
eluotropic series. The extracts were dried under reduced pressure on a rotary evaporator
coupled to a water bath at 40 °C and kept in a desiccator until constant weight for further

calculation of their yield.
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b)

d)

Extraction in Soxhlet Apparatus (ESA): The vegetable material (30 g) was added 300 mL
of cyclohexane in Soxhlet apparatus at 40 °C for 72 h in a water bath. Subsequently, the
extract was filtered and concentrated to dryness in a rotary evaporator coupled in a water
bath at 40 °C under reduced pressure. The residue was kept in desiccator until constant
weight for further calculation of its yield. The same procedure was repeated to obtain

extracts with ethyl acetate and methanol.

Ultrasound Assisted Extraction (UAE): To obtain extracts, an ultrasonic bath (model
USC-1400 / Family USC-1400A / USC-1450A) was used as the source of ultrasound. 30
g of the plant material was added to 300 ml of solvent, following the eluotropic series
(cyclohexane, ethyl acetate and methanol) and sonicated (3 x 30 min) at a temperature of
40 °C and power of 150 W, then the samples were rotoevaporated under reduced pressure
and left at room temperature for complete drying of the solvent and subsequent calculation

of the yield.

Accelerated Solvent Extraction (ASE): 20g of the plant material together with 10g of
diatomaceous earth was subjected to ASE 350 Dionex automatic extractor, following the
eluotropic order of the solvents: cyclohexane, ethyl acetate and methanol, under a
temperature of 40 °C for 15 min under a pressure of £ 1500 psi and solvent flow of
SmL/min. The extracts already filtered in the ASE were dried in Rocket Evaporator™ and

left at room temperature for complete drying of the solvent.
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e) Supercritical Fluid Extraction (SFE): Supercritical extraction was performed on an
Applied Separations Speed SFE unit model 7071 (Allentown, PA, USA) with a 115 mL
extraction cell. 30 g of dry plant material was loaded into the SFE cell at a temperature of
50 °C at a pressure of 5000 psi with a static period of 30 min. With dynamic mode
(continuous flow) using scCO, (Supercritical carbon dioxide) as solvent and cyclohexane,
ethyl acetate and methanol as co-solvents following the eluotropic series. Flow rates were
4 mL/min for scCO; and 1 mL/min for the solvents. The extracts were then evaporated at

room temperature until complete drying.

2.3 Calculation of extraction yield

The extraction yield was expressed as a percentage and calculated as the weight of the
extract obtained and concentrated, divided by the weight of vegetable drug used, multiplied

by 100.

2.4 Phytochemical evaluation
2.4.1 Dosing of Total Phenols

Total phenolic content (TPC) was determined by the Folin-Ciocalteu method
according to Li et al. [22] with some modifications. Different concentrations of gallic acid
were dissolved in methanol. For each tube 1mL of the diluted Folin solution of 1:10 (v / v)
and 0.2mL of the extracts diluted to Img/mL in methanol were added. After 3 minutes in the
dark, 0.8 ml of 7.5% sodium carbonate was added, leaving a further 120 minutes at ambient
temperature. After this period the absorbances of the samples were read at 765 nm against a
blank (reagents added to methanol instead of the sample). A calibration curve was prepared

by plotting the absorbance as a function of concentration and the linear equation (y =
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0.0121x-0.032, R? = 0.9967) was found. The total phenol concentration in the sample was
determined from the calibration curve. The total phenol content in the extract was expressed

in terms of gallic acid equivalent per gram of extract (mg EAG.g™).

2.4.2 Dosing of Flavonoids

The colorimetric technique with aluminum chloride described by Woisky and
Salatino [23] was used to estimate flavonoids, with some modifications. Different
concentrations of quercetin were dissolved in methanol to be used as standard. Into each tube
was added 0.05 mL of the aluminum chloride reagent (2 g aluminum chloride diluted in 2%
ethanol) and mixed to 0.05 mL of the extracts in triplicate. The mixture was kept at room
temperature for 60 minutes. The absorbance of the samples was read at 420 nm against a
blank. The calibration curve was prepared by plotting the absorbance as a function of
concentration and the linear equation (y = 0.0284x + 0.037, R2 = 0.9918) was found. The
concentration of flavonoids was determined from the calibration curve. The total flavonoid

content in the extract was expressed as quercetin equivalent per gram of extract (mg EQ.g™).

2.5 Antioxidant Activities
2.5.1 Scavenging free radicals by DPPHe

In this assay the extractive free radical scavenging activity was measured in terms of
hydrogen donation using the stable radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) [24]. 0.25
mL of the DPPH ¢ solution (1 mM) was mixed in 0.04 mL of different extracts concentrations
(31.25, 62.5, 125, 500 and 1000 pg/mL). After 25 minutes the absorbance at 517 nm was

measured. Trolox (analogue of water-soluble vitamin E), Gallic Acid and BHT (butylated
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hydroxytoluene) were used as the reference compound and the control was DPPH added to
0.04 mL of methanol (solvent used to dilute the samples). Elimination of DPPH radicals was
calculated by the formula: SRL [DPPH ] (%) = [(As-Ac)/Ac] x 100. Where: As =

Absorbance of the sample and Ac = Absorbance of the control.

2.5.2 Inhibition by the radical ABTS «"

The method of ABTS " (2,2'-azino-bis- (3-etthylbenzothiazoline-6-sulfonate) was
made based on Re et al. [25] with some modifications. A stock solution of the ABTS "
radical was prepared by dissolving 7 nM ABTS <" with 2.45 mM potassium persulfate, and
left for 16 hours prior to use. The working solution was prepared by diluting the stock
solution in ethanol to obtain the absorbance of 0.700 + 0.02 at 734 nm. 0.01 mL of extracts at
the concentration of 1 mg/mL was added to 1 mL of working solution and read exactly after 6
minutes of the spectrophotometer reaction at 734 nm. Trolox was used in different
concentrations (0 - 2000 uM) to compare the activity and to obtain the calibration curve. The
results were expressed in Trolox Equivalent Antioxidant Capacity (TEAC), where Trolox's
calibration curve equation (Y = -0.0003x-0.6367, R? = 0.9886) and percent inhibition were
obtained was calculated by the equation Inhibition of ABTS ** (%) = [(Ac-As)/Ac]x100.

Where: Ac = Absorbance of the control and As = Absorbance of the sample.

2.5.3 Total Antioxidant Activity (TAA)

The extracts were diluted to 1 mg/mL concentration in methanol. 0.1 mL of each
sample was mixed with 1 mL of the phosphomolybdenum solution (600 mM sulfuric acid, 28
mM sodium phosphate and 4 mM ammonium molybdate), and then incubated in water at 95

°C for 90 minutes. After returning to room temperature, the absorbances of the samples were
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measured at 695 nm against a blank (1 mL of solution and 0.1 mL of methanol) (PRIETO, et
al., 1999). The TAA was expressed in relation to ascorbic acid, calculated by the formula
TAA (%) = [(As - Ac)/(Aaa - Ac)] x 100, where: Ac = Absorbance of the control, As =
Absorbance of the sample and Aaa = Absorbance of ascorbic acid. The total antioxidant

activity was compared with BHT and Gallic Acid.

2.5.4 Reduction of Ferric lon (FRAP)

The FRAP assay was done according to Benzie et al. [26] with some modifications.
The stock solution was prepared with 300 mM acetate buffer (3.1 g CH3;COONa and 16 mL
CH3COOH) at pH 3.6, 10 mM TPTZ (2,4,6-tripyridyl-s-triazine) solubilized in 40 mM HClI,
and 20 mM FeCl; solution. The working solution was prepared by mixing 25 mL of the
acetate buffer, 2.5 mL of TPTZ and 2.5 mL of FeCls. 0.07 ml of the 1 mg/ml extracts were
mixed with 0.2 ml of the FRAP reagent and allowed to stand for 30 minutes at 37 °C in the
dark. Subsequently the samples were read at 593 nm. A standard curve was made with FeSO,
(0 — 1000 pg/mL) (Y = 0.0003x -0.0694, R? = 0.9916). The results are expressed in mg

Fe(Il)/g extract and compared with the Gallic acid in the same conditions of the samples.

2.6 Analysis of High Performance Liquid Chromatography (HPLC)

The extracts that presented the best antioxidant activities were submitted to analysis of
HPLC in order to identify the major compounds of each extract. Samples from different
extraction methods (EM, ESA, UAE, ASE and SFE) were dissolved in methanol and
acetonitrile (MeOH: ACN 75:25) and sonicated for 15 minutes until complete solubilisation,
resulting in a final concentration of 5 mg ml. Afterwards the samples were treated with PSE

cartridges (phase-solid extraction) to remove compounds that can interact permanently with
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the stationary phase, then 10 uL were injected into the CLAE (Agilent 1260 infinity with
quaternary pump, automatic injector, column furnace and DAD detector) equilibrated with the
mobile phase (Millig) CH;COOH 1% (A) and acetonitrile (Lichrosolv ®) (B), following a
linear gradient from 95% (A) to 5% (A) (0 to 30 minutes ) with a flow rate of 2.4 mL/min and
a temperature of 30 °C. The separation occurred on a Zorbax ®, SB-C18 5um column;

4.6x250mm with Zorbax pré pre-column, SB-C18 5um; 4.6x12.5 mm with complete

detection of 190 to 400 nm and acquisition of the working chromatogram at 254 nm.

2.7 Liquid Chromatography - FLASH

After grinding of the leaves of P. moniliformis, extracts from various extraction
methods were obtained for the purpose of comparing the best method to extract active
compounds. The extract that reached this criterion was then sent to the fractionation in
Biotage Isolera One™ (Flash Chromatography). Separation occurred on the Biotage® SNAP
KP-SIL C18 33g Column with a mobile phase gradient of 5%-20% MeOH (3CV), 20%-30%
MeOH (1CV), 30%-30% MeOH (1.5CV) 40%-50% MeOH (1CV), 50-50% MeOH (1.5CV),
50%-100% MeOH (3CV), 40%-40% MeOH , 100%-100% MeOH (3CV) with constant flow
50 mL/min and scanning detection of 200-800 nm. After this process 45 fractions were
obtained with 18 mL in 16x150mm rack type flasks.

Fractions were grouped, as suggested by the software itself when abrupt changes in the
UV absorption spectrum were observed, as follows: F1-F4, F5-F9, F10-F13, F14-F17 and

F18-F45 followed for in vitro testing.
2.8 Statistical Analyzes

Each experiment was performed in triplicate and the results presented in mean + SD.

Statistical analyzes and the IC50 were calculated by GraphPad Prism 5.0.
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3 RESULTS AND DISCUSSION

3.1 Effect of extraction technique and solvent on the yield of extracts obtained from

leaves of P. moniliformis

The extraction methods were first compared in terms of extraction yields, and in
particular, the main influence of the parameters. The best operating conditions in terms of
obtaining overall yield, type of solvent, polarity, temperature and extraction time were
defined for each of the five extraction processes. In a second part, the chemical composition

and the antioxidant activity of the extracts were compared.

The percentage yields of extracts obtained from P. moniliformis using three different
solvents (cyclohexane, ethyl acetate and methanol) and five extraction techniques (EM, ESA,
UAE, ASE and SFE) are shown in Table 1. The studies showed that the most efficient
extraction method with respect to yield, extraction time and temperature was the ASE.
Comparison of the five extraction techniques showed that ASE was generally more effective
than extracts prepared on ultrasound and soxhlet for the cyclohexane and methanol solvents.

However, ESA had a better yield for extracting with ethyl acetate.

SFE extraction was less efficient than the other extraction techniques tested. However,
higher yields were obtained using methanol as co-solvent. It has been suggested that the
extraction with scCO, using polar solvents as a co-solvent generally results in higher
extraction yields of bioactive compounds [27]. This can be explained by differences in the
polarity of the target compounds and their solubility in scCO,. The addition of polar co-
solvents may increase the solubility of a less soluble solute in the solvent used, which in turn

may improve the extraction efficiency [28].
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3.2 Content of Total Phenols and Flavonoids

The results of the present study showed that methanolic extracts presented higher
content of total phenols (CTF) and flavonoids (CF) than the extracts of cyclohexane and ethyl
acetate in all techniques performed. Significant differences (p <0.05) were observed
depending on the solvents and extraction techniques used for the CTF and CF contents.
According to Table 2, EM showed higher content of phenolic compounds (119.70 mg EAG.g-
1) for the methanolic extract, followed by extracts UAE (117.82 mg EAG.g™), SFE (113.0 mg
EAG.gY), ASE (99.15 mg EAG.gY) and ESA (88.40 mg EAG.g™Y). Previous studies
performed by Silva [29] also found a higher total phenol content in methanolic extracts of P.
moniliformis compared to extracts obtained by less polar solvents, thus corroborating our
results. In addition, work done with different plant species has reported an increase in CFT in
extracts obtained with methanol, for example, Hossain et al. [30], who studied organic
extracts of leaves of the medicinal plant Tetrastigma sp., Obtained for the methanolic extract
386.22 mg EAG.g™. Vieira et al. [31] also obtained higher CFT values for the methanolic
extraction of leaves and bark (194 and 193 mg EAG.g™, respectively) from the stem of
Myracrodruon urundeuval.

The CF of P. moniliformis leaves ranged from 7.48 to 5.18 mg EQ.g™. Unlike CFT,
the higher CF content was observed when ASE was used, but the methanolic extracts also had
a higher flavonoid content. This is due to the fact that polyphenols are not found in the free
state in nature but in the form of esters or heterosides making them more soluble in polar
solvents such as methanol than in less polar solvents such as cyclohexane and ethyl acetate

[32-34].
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3.3 Antioxidant Activity
3.3.1 Scavenging free radicals by 1,1-Diphenyl-2-picrylhydrazyl (DPPH?¢)

The DPPH radical scavenging activities of P. moniliformis leaf extracts obtained by
different extraction methods and solvents are shown in Table 3. Significant differences (p
<0.05) were observed between extracts obtained through different extraction methods and
solvents. The methanolic extracts obtained better activity in relation to cyclohexanic and
ethyl acetate extracts and their maximum inhibitory concentrations (IC50) were classified in
the following order: ESA-MeOH (34.70 pg/mL), ASE-MeOH (37.67 ug/mL), UAE -MeOH
(39.70 pg/mL), EM-MeOH (43.98 pg/mL) and SFE-MeOH (68.87 ug/mL). No significant
difference was observed between the ESA-MeOH, ASE-MeOH and UAE-MeOH methods.
Gallic acid, BHT and Trolox, with ICsy values of 0.0011, 26.24 and 50.01 pg/mL,
respectively, were used as positive control.

As shown in Figure 1, a better inhibition percentage was observed for the SFE-MeOH
extraction technique (97.26%) at the concentration of 1000 ug/mL. The % inhibition values
for the ESA-MeOH, ASE-MeOH, EM-MeOH and UAE-MeOH techniques were 96.30%,
96.06%, 95.55%, 95.28%, respectively. The results showed that the methods and the type of
solvent used influenced the antioxidant activity, but there was no significant difference of the
antioxidant activity by the DPPH method when compared to methanol extraction methods. In
addition, the total content of antioxidant components (phenolic compounds and flavonoids)
are positively correlated with the values of DPPH elimination activity for extracts obtained

with methanol.
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Figure 1. Antioxidant activity assay by the DPPH free radical sequestration method of the methanolic extracts
obtained through different methods of the leaves of P. moniliformis. GA: Gallic acid; BHT: Butylated
hydroxytoluene; EM-MeOH: Methanolic extract by maceration; ESA-MeOH: Methanolic extract in soxhlet
apparatus; UAE-MeOH: Ultrasonic assisted methanolic extract; ASE-MeOH: Methanolic extract in solvent-
accelerated extractor; SFE-MeOH: Methanolic Extract in Supercritical Fluid.

This antioxidant activity of phenolic compounds is due to its ability to eliminate free
radicals, to donate hydrogen atoms or electrons. The structure of phenolic compounds is a key
determinant of their radical elimination and their metal chelating activity. The position and
number of the hydroxyl group of phenolic compounds and flavonoids determine the ability of
molecules to donate an electron and stabilize free radicals [35-36]. Likewise, the antioxidant
activity of phenolic compounds has been related mainly by their redox properties that allow
them to act as reducing agents, hydrogen donors and oxygen neutralizers [37]. Consequently,
the total phenol content in the methanolic extracts of P. moniliformis were possibly the main

components that contribute most to its antioxidant activity.
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3.3.2 Inhibition by the radical ABTS "

The ABTS assay is similar to the DPPH method, where both work with the reduction
of the radicals present, but the ABTS radical is formed at the beginning of the analysis,
unlike the DPPH that is already acquired in its radical form. The main difference between
the two radicals is that the DPPH radical is soluble in organic solvents, whereas ABTS is
soluble in both water and organic solvents, allowing the analysis of both hydrophilic and

lipophilic samples [38-40].

As shown in Table 3, extracts of P. moniliformis had significant effects on ABTS
radical removal capacity, exhibiting ICsy values ranging from 258.2 to 447.3 ug/mL, values
that were close enough to the Trolox standard (synthetic antioxidant , analogous to vitamin E)
already known in the literature for presenting relevant antioxidant activity. Once again the
methanolic extracts exhibited the best activity (Figure 2), the best percentage of inhibition
was observed for the ASE-MeOH extraction technique (96.61%) at the concentration of 1000
pug/mL. The % inhibition values for the SFE-MeOH, ESA-MeOH, EM-MeOH and UAE-
MeOH techniques were 94.07%, 87.96%, 87.68%, 78.61%, respectively.

Thus, these data show a high antioxidant activity of extracts of P. moniliformis,
evidencing that the compounds with greater activities are extracted with the methanol as

solvent and by the ASE and SFE methods.
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Inhibition of radical ABTS from methanolic extracts
of the leaves of P. moniliformis
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Figure 2. Antioxidant activity test by the ABTS radical inhibition method of the methanolic extracts obtained
through different methods of the leaves of P. moniliformis. GA: Gallic acid; BHT: Butylated hydroxytoluene;
EM-MeOH: Methanolic extract by maceration; ESA-MeOH: Methanolic extract in soxhlet apparatus; UAE-
MeOH: Ultrasonic assisted methanolic extract; ASE-MeOH: Methanolic extract in solvent-accelerated extractor;
SFE-MeOH: Methanolic Extract in Supercritical Fluid.

3.3.3 Total Antioxidant Activity (TAA) and Ferric lon Reduction (FRAP)

The TAA was measured by the phosphomolybdenum method which is based on the
reduction of Mo (VI) to Mo (V) by the antioxidant compound tested and the formation of a
green phosphate / Mo (V) complex, which is formed under conditions of acidic pH and can be
monitored at 695 nm with a spectrophotometer [41]. Increased absorbency indicates increased
total antioxidant capacity. Thus, the more reductive the agent is tested, the greater the
absorbance of the sample and the more evident is the green coloration of the complex formed.
All the extracts exhibited significant activities (Tabela 3). The TAA was higher in the
methanolic extracts, except for the ASE extraction that obtained better results with the ethyl
acetate solvent (54.51% = 1.72%), the UAE-MeOH presented better activity with 60.47% +
0.93% in relation to Ascorbic acid activity (p <0.001) followed by EM-MeOH (53.53% =+

2.29%), SFE-MeOH (44.60% + 1.35%) and ESA-MeOH (38.27% + 1.05%). The values for
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the FRAP test are also presented in Table 3. The methanol extracts exhibited again the best
activities, and the UAE-MeOH presented the highest value with 38.63% * 1.29% mg Fe(ll)/g
extract, followed by ESA-MeOH (38.28% + 0.70%), EM-MeOH (38.16% + 0.47%), SFE-
MeOH (37.81% * 0.77%) and ASE-MeOH (25.60% + 0.36%). The Ferric Reducing
Antioxidant Power (FRAP) method is based on the reduction of the ferric-tripyridyltriazine
(Felll-TPZ) complex in ferrous complex (Fell-TPZ), in the presence of an antioxidant and
under acidic conditions. The complex formed by this reaction has an intense blue color, with
maximum absorption at 593 nm [26]. In this way, chelating agents, which have the ability to
bind metal ions, can be added to increase the activity of natural preservatives such as in
foodstuffs [42]. Consequently, the high iron (ferrous ion) chelating activity of extracts of P.

moniliformis was quite remarkable.

3.4 Analysis High Performance Liquid Chromatography (HPLC)

The extracts obtained with methanol through the five methods presented the best
antioxidant activities and were submitted by HPLC analysis and by means of a DAD detector
it was possible to define as majorities the compounds with larger area and with greater
ultraviolet (UV) absorption by means of a scanning at 190 to 400 nm. On the occasion, the
compounds with maximum UV absorption of Amax 254 were defined as major. Analysis by
CLAE showed the presence of approximately 26 compounds in the extracts EM-MeOH and
ESA-MeOH, 23 compounds in ASE-MeOH, 32 in the SFE-MeOH and 20 in the UAE-
MeOH integrated as peaks in HPLC. All extracts showed the compound with Retention time
(Rt) of 1.73 as a major (Figure 3), followed by the compound with Rt of 4.52 and 7.90, in

which have not yet been identified.
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Figure 3. Chromatograms with 190 nm to 400 nm scanning of the EM-MeOH, ESA-MeOH, ASE-MeOH, SFE-
MeOH and UAE-MeOH extracts showing the major compounds visualized by UV. EM-MeOH: Methanolic
extract by maceration; ESA-MeOH: Methanolic extract in soxhlet apparatus; UAE-MeOH: Ultrasonic assisted
methanolic extract; ASE-MeOH: Methanolic extract in solvent-accelerated extractor; SFE-MeOH: Methanolic
Extract in Supercritical Fluid.

Recent phytochemical studies of extracts with different solvents of P. moniliformis
have demonstrated the presence of some compounds such as a-tocopherol and a-tocotrienol,
as well as quercetagetin-3'-methoxy-7-O-glucoside, isorhamnetin-7-O-glucosyl (1 — 6)

rhamnoside and syringetine 3-O-a-rhamnoside-7-O-B-glucoside [29]. However, the Rt values
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did not coincide with the values of the compared standards, and more detailed studies about
this analysis were necessary. Despite this, we could observe that the ESA-MeOH presented
the highest content of the major compounds seen in the chromatogram. However, because
ASE-MeOH showed better antioxidant activity in most of the techniques tested, we proceeded

with this extract for fractionation in flash chromatography.

3.5 Liquid Chromatography - FLASH

The fractionation generated 45 fractions, which were grouped according to the UV
absorption profile in the software as follows: F1-F4, F5-F9, F10-F13, F14-F17 and F18-F45
in yields of 42.82% , 4.08%, 4.28%, 10.38% and 45.8%, respectively. F10-F13 and F14-F17

were characterized as the most active (Figure 4).

Inhibition of the radical DPPH of the obtained fractions of
ASE-MeOH of the leaves P. moniliformis
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Figure 4. Antioxidant activity assay by the DPPH radical inhibition method of the fractions obtained from ASE-
MeOH of P. moniliformis leaves. GA: Gallic acid.

Table 4 shows the 1Csy values of the antioxidant activity by the DPPH method of

fractions obtained by flash chromatography of the ASE-MeOH extract. We observed that
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there was a potentiation of free radical sequestration by the fractions, demonstrating that the
most active compounds are in the F10-13 fraction, followed by the F14-F17, F1-F4, F18-F45
and F5-F9 fractions. The F10-13 fraction (30.20 ug/mL) was more active than the Trolox
standard (50.01 ug/mL), evidencing the high antioxidant power of P. moniliformis and
confirming the studies done by Da Silva et al. [5] and Silva et al. [6] who also found a
relevant antioxidant activity for extracts and fractions of P. moniliformis.

A study evaluating the chemical composition of a species of the Fabaceae family has
demonstrated the presence of several chemical constituents that are known for their
antioxidant properties such as kaempferol, rutin, gallic acid and methyl gallate [43].
Therefore, further studies are needed to isolate and identify the possible compounds

responsible for the antioxidant activity of P. monilformis.

4 CONCLUSION

Extraction of organic extracts and P. moniliformis was studied using EM, ESA, ASE,
SFE and UAE methods. The best results were obtained for the ASE that showed a positive
correlation between yield, extraction time and amount of solvent used. Regarding the solvents
used, the extracts obtained with methanol presented better antioxidant activity for all methods.
In addition, it was shown that there was a significant correlation between phenolic content and
antioxidant activities indicating that phenolic compounds could be the main contributors to
these activities. Although solvent extractions by ESA have provided good results, their use as
an industrial process is questionable, mainly because of the hazards they generate, either
because of their toxicity or because of their flammability. Analyzes of HPLC showed the
existence of several compounds in the extracts obtained with methanol, and it is not possible
to identify the major components. The obtained methanolic fractions also present significant

antioxidant activity, presenting values superior to Trolox. Additional tests will be required for
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the isolation and identification of the major compounds of the extracts and fractions that

presented potential antioxidant activity.
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Table 1. Extraction yields of the extracts obtained by different techniques and solvents of the leaves of P.
moniliformis.

Extraction yield (%0)

Extraction methods Cyclohexane Ethyl acetate Methanol

EM 3.83+0.77 1.31+0.57 30.74+1.07
ESA 2.61+0.57 4.20+0.90 20.50+2.30
UAE 1.26+0.51 1.47+0.52 20.05+1.06
ASE 4.18+0.86 2.13+0.25 36.84+0.55
SFE 0.68+0.50 0.48+0.23 6.05+0.73

EM= Extraction by Maceration; ESA = Extraction in Soxhlet Apparatus; UAE = Ultrasound Assisted Extraction;

ASE = Accelerated Solvent Extraction; SFE = Extraction in Supercritical Fluid.
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Table 2. Total Phenols and Flavonoids contents of the leaves of P. moniliformis extracts obtained by different
extraction techniques and solvents.

Total Phenols Content?

Flavonoid content®

Extraction HEX EtOAcC MEOH HEX EtOAC MEOH
EM 31.18+0.76 37.08+1.32 119.70+1.48 1 20+0.77 3.63+1.84 6.21+0.09
ESA 1253+0 23 47.88+2.94 88.40+253  (55+002 1.1540.50 5.50+0.00
UAE 40.80+2.04 43.44+1.34 117.82+1.05 1.66+0.94 4.23x0.89 5.18+0.43
ASE 18.51+0.50 52.87+0.67 99.15+2.91 1.15+0.29 0.69+0.54 7.48+0.86
SFE 32.96+0.05 27.82+0.48 113.00+0.97 0.50+0.40 2.05+0.46 6.51%0.78

*Dosage of total phenols expressed as gallic acid equivalents/g extract (mg EAG.g™). "Dosing of flavonoids
expressed in mg equivalents of quercetin/g extract (mg EQ.g™). EM: extraction by maceracion; ESA: extraction
in soxhlet apparatus; UAE: ultrasonic assisted extraction; ASE: solvent-accelerated extraction; SFE: extraction
in supercritical fluid. HEX: Cyclohexane; EtOAc: Ethyl acetate; MeOH: Methanol. Values are expressed as
mean + standard deviation.
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Table 3. Effect of different extraction/solvent techniques on the antioxidant activity of extracts of the leaves of P.
moniliformis (1000 pg/mL) using four methods.

*The results are expressed as mg Fe (I11)/g extract. *The results are expressed as mean = SD. ** Results are

Extracts TAA (%)* FRAP?®* (IC5(:)uZI/DmHL)** (|C5(ﬁLBgEL)**
ESA-HEX 24.19 +2.36 7.72 +0.96 330%7?21223.2 362237271231)(106
ESA-EtOAc  25.08+0.41 17.20 £0.28 92.8190?'101 42 96; %7_1'1(190
ESA-MeOH  38.27+1.05 3828 +0.70 32.5374;756.96 289%25 '3?65_8
EM-HEX 44.49 +3.82 17.65+25 159.167?'1599.5 621553 ?888985946
EM-EtOAc 26.74 +0.71 8.90 +0.29 110.142?'1540.5 739?15?588.9
EM-MeOH 53.53+229  38.16 +0.47 39_3413;94?9_21 229.22553'2290_9
SFE-HEX 41.47 +0.66 9.94 +0.54 3,89,415fl '530.5 3036930-1327527
SFE-EtOAc  33.73+1.07 751+1.24 363.422?;?99.3 139138_51%?441
SFE-MeOH  4460+135  37.81+0.77 62, 4678;8775.93 213.266?'3?32.7
ASE-HEX 30.66+0.64  1533+1.78 99'221_1'1625. 4 25875 ?%60475
ASE-EtOAc  5451+172  21.94+147 60.7677;2744' 10 66229_7;3860.3
ASE-MeOH  4432+182 2560 +0.36 33_93;7;6}1_80 239_%85";40_5
UAE-HEX 1098+0.33  18.66+0.10 186.250?'211 46 875;’ ?221969
UAE-EtOAc  54.52+266  11.47+0.74 27129_2'3?152 17041192?35900
UAE-MeOH  60.47+0.93  38.63+1.29 35.8379;723.95 395.%4_7'505_7
Gallic acid 162012 184920 +59.66 | o 4)?'1%951_18%9973 -
Ascorbic acid 100 =+ 0.00 - - -

BHT 3.98 +0.02 30.28 +0.37 23_2276l2;9,58 1098% (iGi(;oo.o
Trolox - 40.80+0.12 45.652010514.82 228.%959 '574.7

expressed as mean + confidence interval. EM: extraction by maceration; ESA: extraction in soxhlet apparatus;
UAE: ultrasonic assisted extraction; ASE: solvent-accelerated extraction; SFE: extraction in supercritical fluid.

HEX: Cyclohexane; EtOAc: Ethyl acetate; MeOH: Methanol.
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Table 4. Antioxidant activity by the free radical sequestration method (DPPH) of the fractions obtained from
ASE-MeOH of the leaves of P. moniliformis.

Inhibition of the DPPH

Fractions
radical (ICso pg/mL)

F1-F4 88.47 (80.26-97.51)
F5-F9 138.9 (122.8-157.0)
F10-F13 30.20 (27.93-32.65)
F14-F17 52.85 (44.18-63.22)
F18-F45 116.0 (106.3-126.6)
Trolox 50.10 (45.62-54.82)

Results are expressed as mean + confidence interval.
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4 CONSIDERACOES FINAIS

Os ensaios de atividade antioxidante demonstraram o potencial dos extratos
metandlicos obtidos por diferentes métodos de extracdo de P. moniliforemis, sendo o extrato
ASE-MeOH o que apresentou melhor resultado. A acgdo antioxidante das fragGes de ASE-
MeOH também foi potencializada, aumentando sua capacidade de sequestro de radicais livres.
As analises de CLAE possibilitou identificar, pelo tempo de retencdo, os principais compostos
majoritarios dos extratos metanolicos.

Os extratos de P. moniliformis apresentaram moderada atividade antimicrobiana sobre
bactérias gram-positivas e gram-negativas, como também inibiu a formacgdo de biofilme
contra as cepas bacterianas de Staphylococcus aureus. Ao analisar os resultados referentes a
toxicidade aguda, foi demonstrado que os extratos hexanico, de acetato de etila e metandlico
ndo apresentaram efeitos toxicos visiveis, nem alteracbes morfologicas. No entanto, 0s
extratos hexanico e de acetato de etila apresentaram alteracGes na analise histomofoldgica dos
rins e o extrato metanolico mostrou-se com moderada hepatotoxicidade. Os extratos nao
foram citotoxicos para as células J774.A1 e HEK-293, como também ndo apresentaram
genotocicidade e mutagenicidade para os modelos animais.

Com base nisto, podemos afirmar que os extratos orgéanicos obtidos de Pityrocarpa
moniliformis apresentam um potencial farmacolégico promissor, revelando possuir diversas
propriedades bioldgicas. Apesar disto, estudos complementares e mais aprofundados deverdo

ser realizados, como isolamento dos compostos ativos que apresentaram tais atividades.
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The ability to form biofilm allows the pathogens to escape the
immune defenses of the host and resist antibacterial treatments
(HOIBY et al., 2010).

The encouragement to identify new antibacterial agents with
clear mechanisms of action, including anti-adherent
compounds, raises the need for identification of innovative
antimicrobials and highlights the potential of plant-derived
molecules as a source of biofilm control produets.

Pirvrocarpa moniliformis is a tree plant in the Northeast of
Brazil, with disjoint occurrence in dry forests of the region of
Sucre (Venezuela). It is an endemic plant of the caatinga, a
biome that has several plant species with therapeutic and
pharmacological potential (MELO ET AL., 2010, COSTA et
al., 2017, MALAFATA ef al., 2017, VIEIRA ef al., 2017) was
not explored, evidencing the need to develop studies on its
possible biological activities. Recent studies have shown
promising antimicrobial and antibiofilm activities (SILVA er
al., 2011; SILVA er al., 2013; TRENTIN er al., 2015).

The objective of this study was to evaluate the antibacterial
activity of the organic extracts of the leaves of P. moniliformis,
obtamed by different techniques of extraction agamst several
pathogenic microorganisms, and to verify the antibiofilm
activity of these extracts under viability of Staphviecoccus
aureis.

MATERIALS AND METHODS
Collect the material and extraction solvent

The leaves of P. moniliformis were collected in the Parque
Nacional do Catimbau, m Buique, Pernambuco. The material
was taken to the forced awr circulation oven (40-45 °C) for a
period of three to four days. The samples were also identified
according to the usual taxonomic techniques and deposited in
the Herbarium Instituto Agronémico de Pernambuco (IPA),
Recife, Brazil. The plant material was processed in a bench
mill and subjected to different extraction methods following the
eluotropic order of the solvents: cyclohexane, ethyl acetate and
methanol. The samples were rotated and left at room
temperature for complete drying of the solvent. All extracts
obtained were stored at -20 °C for further analysis.

Obtaining organic extracts by different methods

Cold Extraction (CE): 30 g of the dry and ground vegetable
material was added to 300 mL of cyclohexane and subjected to
successive extractions, remaining under mechanical agitation
for 72 h at room temperature. The hexane extract (Hex)
obtained was filtered and maintained at a temperature of = 4
°C. To the residue was added cyclohexane again and the same
extraction procedure repeated 3 more times. The same
procedure was performed for solvents ethyl acetate (AcOEt)
and methanol (MeOH) following the eluotropic series. The
extracts were dried in a rotary evaporator coupled to a water
bath at 40 °C and kept in desiccator until constant weight for
subsequent calculation of their yield.

Extraction in Soxhlet Apparatus (ESA): The vegetable
material (30 g) was added m 30 mL of cyclohexane in soxhlet
apparatus at 40 °C for 72 h in a water bath. Subsequently, the
extract was filtered and concentrated to dryness m a rotary
evaporator coupled to a water bath at 40 °C. The residue was

kept in desiccator until constant weight for further calculation
of its yield. The same procedure was repeated to obtain extracts
with ethyl acetate and methanol.

Ultrasonic Assisted Extraction (UAE): Ultrasonic bath (model
USC-1400/Family USC-1400A/USC-1450A) was used as the
source of ultrasound to obtain extracts. 30 g of the plant
material was added to 300 mL of solvent, followmg the
eluotropic series (Cyclohexane, ethyl acetate and methanol)
and sonicated (3x30 min) at a temperature of 40 °C and power
of 150W. then the samples were rotated and left at room
temperature for complete drying of the solvent and subsequent
calculation of the vield.

Accelerated Solvent Extraction (A4SE): 20 g of the vegetable
material together with 10 g of diatomaceous earth was
subjected to extraction in ASE 350 Dionex automatic extractor,
following the eluotropic order of the solvents: cyclohexane,
ethyl acetate and methanol, under a temperature of 40 °C for 15
minutes under a pressure of = 1500 psi and solvent luxury of 5
mL/min. The extracts filtered on the ASE were dried on Rocket
Evaporator ™ and left at room temperature for complete drying
of the solvent.

Supercritical Fluid Extraction (SFE): Supercritical extraction
was performed on a Spe-ed SFE unit from Applied Separations
model 7071 (Allentown, PA, USA) with a 115 mL extraction
cell. 30 g of dry plant material were loaded into the SFE cell at
a temperature of 50 °C under a pressure of 5000 psi with a
static period of 30 min. With dynamic mode (continuous flow)
scCO, was used as solvent and cyclohexane, ethyl acetate and
methanol as co-solvent following the eluotropic series. Flow
rates were 4 mL/min for scCO, and 1 mL/min for solvents. The
extracts were then evaporated at room temperature until
complete drymg.

Antibacterial activily
Minimum Inhibitory Concentration (MIC)

The antimicrobial activity of P. miniliformis organic extracts
obtained by different techniques was determined by the serial
microdilution method (CLSI, 2011) m 96 well flat bottom
culture plates. The pathogenic bacteria tested against the
extracts were obtained from the culture collection of the
Department of Antibiotics of the Federal University of
Pernambuco (UFPE).Gram-negative bacteria, Escherichia coli
(ATCC 25922) and Klebsiella pneumoniae and Pseudomonas
aeruginosa and Gram-positive, Staphvilocoecus aureus (ATCC
29213) were tested 100 pL of the Heller-Hinton broth (MH)
HIMEDIA® medium was distributed to all wells of the 96-well
plate, then 100 pL of each extract (20 mg/ml ) was added to the
Ist row of the plate (horizontal direction). Subsequently, serial
dilution of the metabolites to the wells of row G was carried
out, obtaining concentrations of 2000; 1000; 500; 250: 125:
62.5; 32.25 and 15.625 pL/mL. A bacterial suspension
corresponding to 0.5 tube of the Mac Farland scale was used
with 0.85% saline, corresponding to a concentration of
approximately 1.5 x 10° CFU/mL. This solution was diluted
1:90 in order to obtain the standard suspension. Then, 20 pL of
the bacterial suspension was dispensed into each well on the
plate, except the confrol wells. The plate was sealed and
incubated in the oven at 37 °C for 18-24 h. The assays were
performed in triplicates at all concentrations for each strain.
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After incubation time, the plates were read in
spectrophotometer at 600 nm (A600) for each well. Percent
growth inhibitions at different concentrations of the extracts for
each microorganism were calculated as: % Growth Inhibition =
[1-Ac/Ag x 100], where Ac represents the absorbance of the
well with a concentration of the extract and A, i1s the
absorbance of the well with the control (without extract).
Minimum inhibitory concentration (MIC) was determined for
each strain as the lowest extract concentration that completely
mhibits measurable growth (A600 = 0).

Minimal Bactericidal Concentration (MBC)

The Minimum Bactericidal Concentration (MBC) was
determined according to the technique described by Koo er al.
(2000) and Duarte et a/. (2003). With the aid of sterile loops,
the blending of each well of the microplate was replicated on
the plate Petri dishes containing Mueller-Hinton agar medium
for all tested microorganisms. Plates were incubated at 37 °C
for 24 h. The lowest concentration of the extract that did not
allow growth was considered the CBM for each strain. The
spaces that presented growth were considered from wells with
bacteriostatic concentration of the extract.

Determination of anii-biofilm formation

The S. aureus isolate with a strong biofilm formation was
tested with the methanolic extracts of P. mioniliformis. The
activity was performed through the adaptation of the
methodology described by Trentin ef a/. (2011), where 20 nL
of extracts concenftrations were added to the microtiter plate
together with 20 uL of the bacterium and 160 uL of Trytone
Soy Broth (TSB) growth medium. The final concentration of
extracts was then 4 and 0.4 mg/mL. The plate was incubated
for 24 hours at 37 °C, after incubation the contents were
removed and the plate washed three times with 0.85% saline.
For biofilm fixation the plate was incubated at 55 °C for one
hour. The biofilm visualization is revealed with 0.4% violet
crystal for 10 minutes, and then removed, washed three times
and ethanol (100%) added. in which the optical density is
visualized at 570 nm.

RESULTS AND DISCUSSION
Antimicrobian activity

The antimicrobial activity of the organic extracts (CE, ESA,
UAE, ASE and SFE) was determined by calculating the
percentage inhibition of growth obtained for various
microorganisms. From these results, the MIC for each
microorganism was determined (Table 1). In addition, where
possible, CBM has also been established. Organic extracts of P.
moniliformis were effective for most of the microorganisms
tested, although to varying degrees. It was observed that the
methanol extract obtained by the UAE technique showed more
than 90% mhibition of the growth of three microorganisms (5.
aureus, E. coli, K. pneumoniae) at a concentration of 2 mg/mL..
The same occurred for ESA-MeOH and ASE-MeOH, but these
mhibited only S. aureus bacteria. The CE-Hex extract also
showed satisfactory results for all strains tested, except for K
p?i’(’,Hi.UOUfG(’,.

The S. aureus bacteria showed the highest sensitivity against
most of the extracts tested. Most phytochemicals perform better
against Gram-positive bacteria and there are still a limited

number of plant-derived molecules that act as high-activity
antimicrobial compounds against Gram-negative species
(LEWIS, 2013).

The antimicrobial activity of extracts obtained with methanol
has been reported in several studies. Pareek et al. (2000)
reported the antibacterial activity of the methanolic extract of
the leaves of Syzvgium cumini against the bacterial strains of
Raoultella planticola, Pseudomonas aeruginosa, B. subtilis and
Agrobacterium tumifaciens. Ibrahim. Hong and Kuppan (2013)
also referred to the antibacterial efficiency of the Phviianthus
niruri plant's methanolic extract against pathogenic bacteria
responsible for common skin infections and gastrointestinal
and urinary tract infections. demonstrating antibacterial action
against all tested Gram-positive and Gram-negative bacteria. It
is believed that the actions of many antimicrobial agents results
m the formation of pores i the bacterial membrane and
stimulate the leakage of cellular content (YENUGU er al.,
2006).

It should be noted that the results obtained corroborate with the
studies by Silva er al. (2012 and 2013) that evaluated the
antibacterial activity of P. moniliformis against clinical strains
of S. qureus. so that the samples were active for all strains of S.
aureus (minimum concentration of mhibition: 0.38-3.13
meg/mL™Y), suggesting that the cell wall was the main target of
extracts. Moreover, the harmful activity of methanolic extracts
to the bacterial membrane can be attributed mainly to the
presence of phenolic and flavonoid compounds, which have
characteristics similar to detergent (YADAYV ez al., 2017).

Table 1. Growth inhibition percentages obtained with organic extracts in
bacterial isolates at the concentration of 2 mg/mL.

Extracts S. aurens E. coli K. pneumoniae P. aeroginosa

Hex 934+50 723+28 334+23 59.4+2.0

CE AcOEt 403=7.8 204=+1.7 6015 97+38
MeOH 60.0=55 352.1+4.1 17.9+3.1 239=1.7

Hex 734+39 43+18 493 +35 17.9+14

ESA  AcOEt 51747 84=x07 6.0+27 47+1.6
MeOH 962=+29 552+3.1 55+37 208=3.0

Hex 478+22 179446 225+34 22749

UAE AcOEt 314x56 913zx16 922+1.2 122+3.6
MeOH 989+49 942+28 945+1.4 411 +2.7

Hex 405+£20 554+28 58.8+3.0 1.4+£24

ASE  AcOEt 456=14 344%50 453+22 23.1=1.8
MeOH 942+25 3321 60.8+2.5 202=43

Hex 53831 64.7+x44 123+4.7 204+4.7

SFE AcOEt 33721 498%1.5 8.8x+36 348=43
MeOH 753=36 02=x39 477+ 4.6 21.7+£3.0

The results are expressed as means = standard deviations of the values obtained from the
triplicate assays.

The Mimimum Bactericidal Concentrations (MBC) was
performed for the extracts that showed activity against at least
two microorganisms. Figure | shows the plating performed to
determine the CBM.

Extracts tested for CMB were CE-MeOH. ESA-Hex, ESA-
AcOEt, ESA-MeOH, UAE-MeOH, ASE-MeOH, SFE-AcOEt
and SFE-MeOH. It was observed that the SFE-MeOH extract
showed bactericidal activity, while the others were considered
bacteriostatic.
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Figure 1. Representation of the plating performed to determine the
Minimum Bactericidal Concentration (MBC) of the organic extracts of P.
moniliformis.

Activity Antibiofilm

The antibiofilm activity of extracts of P. moniliformis that were
considered Dbacteriostatic was evaluated against S. aureus
bacteria. All extracts tested inhibited biofilm formation at the
two concentrations tested (Table 2).

Biofilm inhibition was higher for the ESA-MeOH extract at
concentrations of 4 mg/mL and 0.4 mg/mL (81.1% and 79.0%,
respectively).The lowest activity was presented by SFE-MeOH
with 65.8% for the concentration of 4mg/mL and 74.4% for the
concentration of 0.4 mg/mL, this may be related to the
bactericidal action of this extract. preventing the viability of the
microorganism and consequently preventing it from forming
the biofilm.

Table 2. Percentages of biofilm inhibition after exposure of organic
extracts to S. qureus.

Extracts S. aureus
4 mg/mL 0,4 mg/mL
CE MeOH 76.5+0.6 732=x1.6
ESA MeOH 8l.1+1.2% 79.0 £ 0.8%
UAE MeOH 67.2+1.6 78.0=1.6
ASE MeOH 73.6+1.0 67.8=2.1
SFE MeOH 658+1.4 744+ 04
GC - 0.0£0.9

Growth Control = GC. Results are expressed as means = standard deviation of
triplicate results.

Studies have demounstrated the antibiofilm activity against
different microorganisms of extracts of plants of the caatinga,
indicating that this biome has several species with a high
potential of use in the development of prototypes of drugs with
property antibiofilms (TRENTIN er al., 2014; SILVA er al.,
2015). Malafaia er al. (2017) verified the antibiofilm activity in
22 extracts of caatinga plants against Ralstonia solanacearum,
one of the most destructive pathogens identified so far, due to
its ability to induce fast and fatal symptoms in host plants. In
the present study, researchers also confirmed their antibiotic
activity against resistant strains of Staphyvlococcus epidermidis,
P. aeruginosa and K. pneumonia, demonstrating this as a plant
species rich m biomolecules with such activity (TRENTIN et
al., 2011 and 2015). Inhibition of bacterial adhesion with
consequent inhibition of biofilm formation by a pathway that
does not cause bacterial destruction is an important feature in
relation to a novel concept of antiviral therapies. This technique
explores new mechanisms of action that may hinder the rapid

development of bacterial resistance. In addition, this approach
allows bacterial growth, maintains cells in planktonic state, and
admits the extinction of virulence expression and attenuation of
the pathogen, making the microorganisms more susceptible to
other antimicrobials and the immune system (CLATWORTHY
et al., 2007; MARTIN et al., 2008, MACEDO, ABRAHAM,
2009).

In this context, natural products are an important source of
bioactive molecules and the medicinal plants commonly used
m folk medicine can facilitate the search for new functional
agents.

Some of the molecules that may be involved with the
antibiofilm effect are: polyphenols, coumarins, steroids and
terpenes. Sampaio ef al. (2009) demonstrated that extracts rich
in fruit polyphenols from Caesalpiniea ferrea showed
antibiofilm activity in a multispecies biofilm model involving
Streptococeus sp., Candida albicans and Lactobacillus casei.
Considering the coumarins, some studies were found with
reaction to antibiofilm activity (GIRENNAVAR er al., 2008;
PRAUD-TABARIES et al., 2009).

The study highlighted the potential application of P.
moniliformis as a new and valuable source of prototype
compounds. Further studies are needed in order to isolate the
components of the plant species and elucidate the most
efficient molecules i the fight against pathogenic
microorganisms and antibiofilm activity.

CONCLUSIONS

The antimicrobial and antibiofilm properties of the organic
extracts of the leaves of P. moniliformis obtained by different
techniques against several pathogenic microorganisms were
evidenced, suggesting the possible use of this plant as
antimicrobial agent of commercial application. In addition, due
to the antibiofilm action, it is considered an alternative for the
coating of bioactive compounds and mainly hospital materials
that are commonly contaminated by bacteria, causing serious
health risks to patients.
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ABSTRACT

The objective of this study was to determine the cytotoxicity of organic extracts of P. moniliformis
in vitro and identify the acute toxicity and genotoxicity in vivo. The leaves were extracted using three
organic solvents (cyclohexane [EP1], ethyl acetate [EP2], and methanol [EP3]). Phytochemical qualita-
tive analysis was performed by thin layer chromatography (TLC). Cytotoxicity tests were performed on
human embryonic kidney (HEK) cells and J774 murine macrophages. Acute toxicity in mice was
measured after intraperitoneal (ip) administration of 2000 mg/kg, while evaluation of genotoxicity
and mutagenicity were assessed using the comet assay and the micronucleus (MN) test, respectively.
The TLC analysis of the extracts revealed the presence of flavonoids, triterpenes, steroids, and saponins.
In the cytotoxicity assay, extracts EP1 and EP3 altered proliferation of HEK cells, and all organic extracts
increased the viability of 1774 cells. In the toxicity tests, no deaths or behavioral alterations were
observed in mice exposed to the acute dose of the extracts. Although some extracts led to changes in
hematological and histological parameters, these results did not indicate physiological changes. In
relation to the MN test and comet assay, no significant changes were detected in the DNA of the
animals tested with the extracts EP 1, EP2, and EP3. Thus, extracts of P. moniliformis were not considered
to be toxic and did not induce formation of MN or damage to cellular DNA in the genotoxicity tests.

KEYWORDS
Genotoxicity; medicinal
plants; Pityrocarpa
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assessment; toxicological
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Introduction plant-induced toxicity are scarce (Franco et al. 2015).

The use of medicinal plants has increased considerably ~ In light of this fact, it is necessary to provide vital

over the past few years, and these substances are now
widely used in empirical popular medicine for treat-
ment of various diseases owing to their diverse ther-
apeutic properties (Gontijo et al. 2018; Meneguelli
et al. 2017; Tuttis et al. 2018). In addition, the low
purchasing power of most of the population has
increased the demand for alternative medicines that
reduce drug costs (Almeida et al. 2006, 2005), which
has, direclly and indirectly to the discovery of new
drugs. Although the importance of plant species for
therapeutic applications is well established, studies on

information on the toxicological and pharmacological
profiles of a medicinal plant to identify its safety and
efficacy (Jesus et al. 2012; Rody et al. 2018). Toxicity
testing is a necessary parameter for any in vivo or
in vitro study incduding acute and chronic toxicity,
genotoxicity, mutagenicity, or cytotoxicity, which
aim to (1) characterize the potential toxic effects of
the active components of a product, (2) estimate the
degree of danger related to the use of the product, and
(3) determine the underlying mechanisms of product-
induced toxicity (Purchase et al. 1998).
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Caatinga is a biome located in the northeast-
ern region of Brazil that, when compared to
other plant formations, exhibits complex and
peculiar characteristics to which it influences
the synthesis of plant metabolites such as: high
solar radiation, high annual average temperature,
low relative humidity (which determines the
main ecological processes of this ecosystem), as
well as the seasonality of drought and rainy
seasons (Prado 2003).

Thus, this seasonality differentiates this semi-arid
region from others along the same latitudinal range
provides the observed vegetation. However, periods of
abundance and water stress influence the production
of secondary metabolites and consequent bioactivities
of these plants (Larcher 2004). As for the phytochem-
ical profile of the secondary metabolites, several com-
pounds such as flavonoids, alkaloids, terpenes, and
protoantocyanidins were identified. These metabolites
are commonly extracted based upon eluotropic series
solvents (solvents in order of polarity). It is thus pos-
sible to select the best solvent to be used for a given
separation (Collins, Braga, and Bonato 2006; Vogel
2002). The secondary metabolites are directly related
to the potential biological activities generated by the
caatinga plants that might act as antiviral, antioxidant,
anti-hemorrhagic, hormonal, anti-inflammatory and
antimicrobial agents (Guimardes, Serafini, and
Quintans-Janior 2014; Moura 2015).

Among the caatinga species with potential biologi-
cal activities, Pityrocarpa moniliformis (Benth.)
Luckow & R.W. belonging to the family Fabaceae -
Leguminosae aroused interest of the scientific com-
munity through its use as an antimicrobial and anti-
oxidant agent (2013; Silva et al. 2011; Trentin et al.
2015). As for the empirical use, P. moniliformis popu-
larly known as “catanduva” has been commonly
employed in the treatment of inflammation in the
prostate in the form of infusion tea or licker (Silva
et al. 2015); however, data on potential adverse effects
remain scarce, which makes it necessary to conduct
studies assessing the risk/benefit ratio of its use
through toxicological testing, based upon traditional
knowledge, information is not sufficient to legitimize
this species for use as a safe and effective medicine
(Franca et al.,, 2008).

The toxicological testing is intended to (1) char-
acterize potential adverse effects of the active com-
ponents, (2) estimate the degree of danger and (3)

elucidate the mechanism underlying toxicity
induced by plant species (Purchase et al. 1998).
Bearing this in mind, this investigation aimed to
assess in vivo toxicity, cytotoxicity and genotoxi-
city of the organic extracts obtained from
P. moniliformis leaves.

Materials and methods

Collection of material and preparation of
extracts

The leaves of P. moniliformis (verified at http://www.
theplantlist.org), known as Catanduva, were col-
lected in the Parque Nacional do Catimbau, in
Buique, Pernambuco-Brazil, in 2015 (8°36'35"
S and 37°14'40” W). The samples were identified in
accordance with accepted taxonomic techniques,
deposited in the IPA Herbarium of the Agronomic
Institute of Pernambuco (code 84.048). The plant
material was placed in a forced air circulation oven
(40-45°C) for a period of 3-4 days and processed in
a bench mill. Subsequently, 20 g of plant material,
together with 10 g of diatomaceous earth were
extracted successively with cyclohexane (EP1), ethyl
acetate (EP2), and methanol (EP3) in ASE 350
Dionex automatic extractor, for 15 min at 40°C and
1500 psi, with a solvent flow of 5 ml/min. The
extracts filtered into the ASE were dried in the
Rocket Evaporator™ and left at room temperature
(22-23°C) until the solvent was completely removed.

Phytochemical analysis

The phytochemical qualitative analysis was performed
by thin layer chromatography (TLC) in accordance
with the method of Wagner, Bladt, and Zgainsky
(1984). Pre-coated plates of silica gel 60 F254
(Merck“) and suitable visualization techniques
(Dragendorff, Neu-PEG-KOH ethanol, Liebermann-
Burchard, vanillin-sulfuric acid, and other reagents as
per the method) were used.

The extracts EP2 and EP3 were also submitted to
High-Performance Liquid Chromatography (HPLC)
in order to identify their major phytochemicals. It
should be noted that EP1 was not included in this
test because of the reduced number of chemical
constituents found in the TLC analysis. The samples
were dissolved in methanol and acetonitrile (MeOH:
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ACN 75:25) and sonicated for 15 min until complete
solubilization, resulting in a final concentration of
5 mg/ml Subsequently, samples were treated with
EFS cartridges (phase-solid extraction) aimed at
removal of compounds that interact permanently
with stationary phase, then were injected 10uL in
the HPLC (Agilent 1260 infinity with quaternary
pump, automatic injector, column oven and DAD
detector) equilibrated with the mobile phase (Milliq)
CH;COOH 1% (A) and acetonitrile (Lichrosolv )
(B), following a linear gradient from 95% (A) to 5%
(A) (0 to 30 min) with flow 2.4 ml/min and
a temperature of 30°C. The separation occurred on
a Zorbax i, SB-C18 5um column; 4.6 x 250mm with
pre-column Zorbax K, SB-C18 5um; 4.6 x 12.5 mm
with complete detection from 190 to 400 nm and
acquisition of the working chromatogram at 254 nm.

Cytotoxic activity

Cytotoxic activity was evaluated by using the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) assay (Mosmann 1983). The
cell lines ]J774.A1 (murine macrophages) and
HEK-293 (Human Embryonic Kidney) cells were
cultured in Dulbecco’s modified Eagle medium
culture supplemented with 10% fetal bovine
serum and 1% antibiotic solution (penicillin and
streptomycin). The cells were cultured in an incu-
bator maintained at 37 °C with a humidified atmo-
sphere enriched with 5% CQO,. Both cell types were
seeded in 96-well plates (10*-10° cells/ml) and
incubated for 24 hr. Subsequently, the extracts
(EP1, EP2, and EP3) dissolved in 1% dimethyl
sulfoxide (DMSQO), were added to the wells at
final concentrations of 200, 100, 50, 25, or 12.5
pg/ml. Following incubation for 24 and 48 hr
exposure intervals as utilized by Yu et al. (2014)
and Al-Faifi et al. (2017), 25 pl MTT (5 mg/ml)
was added and cells were incubated for a further 3
hr. The supernatant was then aspirated, 100 pl
DMSO was added to each well, and absorbance
read at 490 and 630 nm using a microplate reader
(EIx808 Biotek). The experiments were performed
in quadruplicate and results were expressed as %
control cell viability: (A570 of treated cell popula-
tion x 100/A570 of the untreated cell population)
(Santos et al. 2005).
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Animals

In vivo assays were performed using Swiss male mice
(Mus musculus) with a body weight of 38-50 g. The
animals were kept in the Biotherm of the Centro
Académico de Vitoria/Universidade Federal de
Pernambuco in appropriate polypropylene boxes,
at a temperature of 21 £ 1°C, a relative humidity of
50%+5%, a 12:12 hr light/dark cycle, and given free
access to food (Labina) and water. The Animal
Ethics Committee of the Federal University of
Pernambuco approved all the experimental proce-
dures (case number 008/2018).

Acute oral toxicity in vivo

The acute oral toxicity of the organic extracts
obtained from P. moniliformis was determined by
the 2000 mg/kg limit dose test in accordance with
OECD/OECD guideline 423 (OECD, 2008). Mice
were culled in four groups (n = 3 animals). The
control group were administered 10% DMSO and
PBS, which was used as the diluent for the extracts;
and the remaining three groups were administered
hexane extract (EP1), ethylacetate extract (EP2), and
methanolic extract (EP3). All treatments were admi-
nistered orally.

After administration, animals were observed
continuously for the first 2 hr and then every 24
hr for 14 days to evaluate any changes in behavior,
physiological activity, and mortality. On the
14th day of treatment, mice were euthanized and
blood samples collected for hematological and bio-
chemical analysis and organs including liver, kid-
neys, and spleen, which were removed for
histological analysis. The experiments were per-
formed in duplicate and the biochemical and
hematological parameters were evaluated by
Student’s t-test, p < 0.05.

Tissue preparation and histomorphometric
analysis

Fragments of liver, kidney, and spleen were fixed in
neutral buffered formalin 10% for 48 h. Tissues were
then dehydrated in ethanol, solubilized in xylene,
impregnated and embedded in paraffin. The blocks
were cul in microtome (Leica RM2245) adjusted to 4
pm, stained with hematoxylin and eosin (H.E.). The
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slides were photographed with a digital camera
(Moticam 3000) coupled to an optical microscope
(Nikon E-200), under fixed focus and clarity to the
field,with 100x and 400x magnification. Photomic-
rographs were evaluated by using the Image] soft-
ware version 1.8.0 112 (Research Services Branch,
US National Health, Bethesda,
MD, USA).

Institutes of

Genotoxicity test

Groups of mice (n = 5 animals) were treated with 10%
DMSO (negative control), cyclophosphamide (25 mg/
kg; positive control), or organic extracts (EP1, EP2,
and EP3) at a dose of 1000 mg/kg body weight,
according to Collins et al. (2008) and Oliveira et al.
(2016). Only cyclophosphamide, a mutagenic agent
was administered intraperitoneally (ip). Mice were
anesthetized ip at 48 hr after treatment, and peripheral
blood was collected by retro-orbital puncture (Collins
et al. 2008). The experiments were performed in dupli-
cate. Soon after blood collection, the animals were
euthanized in with  CEUA/UFPE
parameters.

accordance

Comet assay

The comet assay was performed in accordance
with the method of Umbunzeiro and Roubicek
(2006). The collected blood was homogenized
with low melting point agarose and deposited
on slides previously prepared with a standard
agarose coating. The slides were covered with
coverslips and then placed in a relrigerator at 4
°C for 10 min. After cooling, the coverslips were
removed, and slides immersed in lysis solution
(2.5 M NaCl, 100 mM EDTA, 10 mM TRIS, 1%
Triton X-100, 10% DMSO, pH 10). The entire
procedure after collection of the material was
performed under red light (in the absence of
white light), to avoid DNA damage. After 48 hr,
the lysed cells were subjected to electrophoresis at
300 mA and 32 V for 20 min in a well of alkaline
solution (1 M NaOH and 200 mM EDTA, pH 13).
Subsequently, the slides were neutralized in
0.4 M Tris-HCI, pH 7.5, and stained with 30 pl
ethidium bromide (0.0002%, w/v).

The evaluation was performed in an epifluores-
cence microscope (Zeiss M2) with an Alexa Fluor

Figure 1. Classification of DNA damage of cells submitted to
comet assay; 0 (no apparent damage); 1 (little apparent
damage); 2 (average damage); 3 (moderate damage with
longer tail) and 4 (maximum damage).

546 filter. Two slides were prepared for each animal;
100 nucleoids per animal were observed and the rela-
tionship between the length of the tail and the size of
the head of the comet was measured (Collins et al.
2008; Coelho et al. 2018). Each analyzed nucleoid was
visually classified into one of 5 classes: 0 (no apparent
damage); 1 (with little apparent damage); 2 (average
damage); 3 (medium damage with longer tail), and 4
(maximum damage). Thus, the values obtained for
each individual ranged from 0 (no damage: 100 cells
x 0) to 400 (with maximum damage: 100 cells x 4) and
were considered to represent the damage index (ID)
per animal. The frequency of damage (FD) was also
calculated in accordance with % all nucleoids with
some damage (class 1 to class 4) in relation to the
total number of nucleoids counted from class 0 to class
4 (total number) (Figure 1) (Collins et al. 2008).

Micronucleus (MN) test

For this test, the technique described by Hayashi
et al. (1994) was used. Peripheral blood (8 pul) was
placed on slides previously prepared with acridine
orange and covered with a cover slip to ensure an



Rocha, T.A. 2019

220 (&) T. A ROCHA ET AL.

even spread the material. For each animal, 2000
polychromatic erythrocytes were analyzed for the
presence of MN. The analyses were performed
utilizing an epifluorescence microscope (Zeiss
M2) with an Alexa Fluor 488 filter (OECD 2016).

Statistical analysis

The results of the cytotoxic activity are expressed as
the mean + SD. Analysis of variance (ANOV A) was
performed and followed by the Bonferroni test for
multiple comparisons, with values of p < 0.05 con-
sidered significant. For the histomorphometric ana-
lysis, a normality test was performed using the
Smirnov Kolmogorov program; this verified that
the data were not normally distributed. Therefore,
a non-parametric (Mann-Whitney U) test computed
by SPSS 15.0 (Statistical Package for the Social
Sciences) was used to analyze these data. Data are
expressed as the mean + SD, with values of p < 0.05
compared with the control considered significant.

In addition, for genotoxic analysis, the Kruskal-
Wallis test, computed by with software R, was
employed to compare the treatments with each
other (with the exception of the positive control
group). To verify the efficiency of the methods, the
positive control group was compared with the nega-
tive control group by using the Mann-Whitney
U test. In both tests, p values of <0.05 were consid-
ered statistically significant.

Results and discussion
Phytochemical screening

The results of the phytochemical screening are
presented in Table 1. TLC analysis revealed that
the obtained extracts contained varying compo-
sitions of secondary metabolites. The extracts
EP2 and EP3 contained flavonoids, triterpenes,
steroids, saponins, monoterpenes, sesquiter-
penes, proanthocyanidins, and leucoanthocyani-
dins, whereas EP1 extract contained only
triterpenes, steroids, monoterpenes, and sesqui-
terpenes. In the EP3 extract, higher content of
saponins was found through the use of metha-
nol, which is justified given the polarity of the
compound, as methanol is most polar among the
solvents tested. It should be noted that, as
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Table 1. Phytochemical profile of the organic extracts of
P. moniliformis leaves.

Class of Secondary Metabolites EP1  EP2 EP3
Flavonoids - +1 0
Phenylpropanoids - - -
Triterpenes and Steroids + + +
Saponins - - +++
Monoterpenes and Sesquiterpenes tr tr tr
Alkaloids, Coumarins and Quinones - - -
Proanthocyanidins and Leucoanthocyanidins - - tr

Hydrolysable tannins - - -

(-) absent; (+) weak; (++) medium; (+++) strong; (tr) traces.
(1) 3'4™-OH flavonoids (aglycones), mono, di, and triheterosides of 3"-OH
and 3',4"-0H flavonoids.

saponins are glycosides, that is, polar substances
(Monteiro et al. 2005), a solvent with higher
polarity may have greater success against extrac-
tion of this phytochemical agent (Vardanega
2013). Silva et al. (2013) investigated the phyto-
chemical composition of the hydroalcoholic
extract of the leaves of P. moniliformis and also
identified the same secondary metabolites, which
revealed that the main classes of compounds
present in the extract were triterpenes, saponins,
and flavonoids.

The compounds belonging to the various classes of
secondary metabolites detected in the extracts of
P. moniliformis were reported to exert antimicrobial
(Shandukani et al. 2018; Yuniati et al. 2018), antiox-
idant (Liu et al. 2018; Mikropoulou et al. 2018), anti-
inflammatory (Endale et al. 2013; Yin et al. 2018),
antiviral (Sarwar et al. 2018) and antihypertensive
(Bhargava etal. 2017) effects. Despite the innumerable
biological activities of components extracted from
medicinal plants, these metabolites were previously
reported to exert cytotoxic, genotoxic, and/or muta-
genic action (Varanda 2006), which may contribute
significantly to the development of cancer (Meyer
et al. 2011). Thus, it was emphasized for the need to
evaluate the adverse effects of extracts obtained from
P. moniliformis.

The extracts EP2 and EP3 were submitted to HPLC
analysis and, through a DAD detector, the compounds
with the highest area and with highest ultraviolet (UV)
absorption were defined as major ones by means of
a scan between 190 and 400 nm (Figure 2). At the time
the compounds with maximum UV absorption of
Amax 254 were defined as major. Analysis by HPLC
showed the presence of two major compounds in EP2
with Retention times (Rt) 9.09 and 12.5 min. While
EP3 presented the compound with Rt of 1.73 as the
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Figure 2. Chromatogram (HPLC/UV, A = 254 nm) of extracts obtained from P. moniliformis. Arrows indicating chromatographic peaks

of major compounds.

major, followed by the compound with Rt of 7.90, in
which has not yet been identified.

Recent phytochemical studies of extracts with dif-
ferent solvents of P. moniliformis demonstrated the
presence of some compounds such as a-tocopherol
and a-tocotrienol, as well as quercetagetin-3"-methoxy
-7-O-glucoside, isorhamnetin-7-O- glucosyl (1 - 6)
rhamnoside and syringetine 3-O-a-rhamnoside
-7-O-B-glucoside (Silva 2013). However, the Rt values

did not coincide with the values of the compared
standards, and more detailed studies regarding this
analysis are necessary.

Cytotoxic activity

In the cell viability assay for the J774A.1 lineage, data
obtained showed that the extracts analyzed were not
cytotoxiG indeed, increased cell proliferation was
found (Figure 3). In EP1 there was proliferation of
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Figure 3. Percentage viability of J774A.1 cells. The cells were treated with different concentrations of the organic extracts of
P. moniliformis for 24 and 48 hr. NC: Negative control; EP1: Hexane extract; EP2: Ethyl acetate extract; EP3: Methanolic extract. *P <

0.05 compared with the growth control.

macrophages folowing24 hr treatment at 200 pg/ml
(115.87%13.24%). 'The rise in cell viability also
occurred over treatment for 48 hr when compared
with control; at concentrations of 12.5, 25, 50, or 200
pg/ml, cell viability of 141.4%+8.07%, 124.3%+4.05,%
1254%+5.08%, and 84.14%+7.05% was observed,
respectively. EP2 (200 pg/ml) also resulted in
enhanced cell proliferation, with a viability greater
than 100% (133.6%5.86%) noted after 48 hr incuba-
tion. EP3 also induced similar responses at concentra-
tions of 50 and 200 pg/ml (126.18%14.59% and
123.80%6.8%, respectively) after 24 hr and at 50,
100, and 200 pg/ml (126.3%+6.80%, 151%%7.79%,
178%+7.27%, respectively) after 48 hr. The stimula-
tion of macrophage cell growth might be attributed to
the antioxidant capacity of P. moniliformis, as sensiti-
zation of macrophages to lipopolysaccharide (LPS)
leads to a series of chemical reactions found to induce
inflammatory responses. During the inflammatory
process, reactive oxygen species (ROS) are formed,
promoting oxidative stress. Subsequently, this is neu-
tralized by antioxidant activity in P. moniliformis
(Cyboran et al. 2015; Silva et al. 2011).

Thus, organic extracts of P. moniliformis provide
a quantitative elevation of viable macrophages com-
pared to controls. Among the bioactive compounds
of P. moniliformis that display the capacity to protect
the immune system, the following stand out: {lavo-
noids, saponins, triterpenes and steroids, indicating
potential capacity to become therapeutic drugs due
to their influence on the defenses of the phagocytic
system, acting to combat infections and chronic dis-
eases (Khajanchi and Banerjee 2017). The action of
flavonoids on B and T lymphocytes, macrophages,
natural killer (NK) cells, basophils, neutrophils, eosi-
nophils, and monocytes are well known (Cerqueira
et al. 2003; Chirumbolo 2010; Middleton,
Kandaswami, and Theoharides 2000). Several studies
were carried out that report the activity of flavonoids
in the activation of T lymphocytes (CD8) and cyto-
toxic NK cells. However, it is not known whether any
single mechanism of action exists that may clarify
this phenomenon, although it is presumed to be due
to inhibition of cyclooxygenase (COX), since pros-
taglandins (PGs) are able to eliminate T lymphocytes
(Havsteen 2002). Saponins have been extensively
studied and have demonstrated a strong adjuvant
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Figure 4. Cell viability of HEK-293 cells after treatment with different concentrations of the organic extracts of P. moniliformis leaves
for 24 and 48 hr. NC: Negative control; EP1: Hexane extract; EP2: Ethyl acetate extract; EP3: Methanolic extract. *p < 0.05 compared

with the growth control.

potential that appears to be related to their ability to
induce cytokine production. (Mathias 2018; Singh
and O’Hagan 2003). Triterpenes and steroids also
exhibited numerous advantages such as anti-
inflammatory, anti-cancer and immune system pro-
tection (Quilez, Garcia-Lorda, and Salas-Salvado
2003).

In HEK 293 cells, it was observed that the extracts
did not exert adverse effects after incubation for
either24 and 48 hr. After exposure for 24 hr, there
were no significant differences in cell growth relative
to controls. However, a significant increase in number
of viable cells was noted after treatment with extracts
EP1 and EP3 for 48 hr (Figure 4). In EP1, this rise was
found after treatment with lower concentrations: 12.5,
25, or 50 pg/ml in cell viability of 119.4%x4.4%,
119.2%+1.31% and 114.0%16.9%, respectively. The
cell proliferation in EP3 extract was detected at con-
centrations of 25, 50, 100, and 200 pg/ml, which
resulted in cell viability of 133.7%%3.3%, 133.8%
+5.8%, 185.5%x7.1%, and 277.6%%6.62%, respec-
tively. These data are of importance, as HEK 293 cell
line is often used to determine the basic cytotoxicity
profiles of candidate drug molecules. In addition,

when comparing the activity of different extracts, it
may be confirmed that EP3 was more bioactive, since
it provided greater cell proliferation in the cells tested
(J774A.1 and HEK-293) (Figure 5).

Acute oral toxicity in vivo

No deaths or any other sign of toxicity were observed
in animals treated with 2000 mg/kg extracts
throughout the study. Similarly, no significant dif-
ference in water or food intake was noted between
treated groups and control, in addition to no marked
changes in the weight of the animals. No motor and/
or sensory alterations were observed.

Serological, blood, and anatomopathological
experiments were performed to examine whether
treatment induced toxicity in detoxifying organs,
such as liver, kidneys, and lungs, or in a rapidly pro-
liferating fraction of cells, such as spleen and circulat-
ing blood cells. None of the evaluated biochemical
parameters demonstrated significant differences com-
pared with control and between groups treated with
2000 mg/kg body weight of extracts (Table 2).
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Figure 5. Comparison of cell viability between EP1, EP2 and
*p<0.05 EP1 vs EP2; l:'p<0.05 EP2 vs EP3; “p<0.05 EP1 vs EP3.

Table 2. Biochemical parameters of the blood of mice treated
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EP3 extracts against cell lines JJ74A.1 and HEK-293 (24 and 48hr).

orally with the organic extracts of P. moniliformis for 14 days.

Contral EP1 EP2 EP3
Parameters (10% DMSO+PBS) (2000 mg/kg) (2000 mg/kg) (2000 mg/kg)
AST-TGO U/L 14256 + 29.42 112,16 + 0.64 106.65 + 24.02 13129 £ 24.02
ALT-TGP U/L 3661 + 7.41 81.70 + 4157 57.91 + 34.09 59.68 £ 18.57
Albumin (g/L) 306 £ 0.11 28 + 026 26+ 025 296 = 0.05
Cholesterol (g/dL) 127.81 £ 10.54 112.25 + 1578 12267 £ 15.13 11756 + 2.85
Glucose (mg/dL) 18323 + 25.65 23213 £67.09 14036 + 44.10 22266 + 82.85
Total Protein (g/dL) 483 £ 0.11 44 + 065 451036 5.0£0.10
Triglycerides (mg/dL) 17192 = 10.19 132,82 = 12.95 15338 = 26.19 144,68 = 22.13

EP1: Hexanic extract; EP2: Ethyl acetate extract; EP3: Methanolic extract.
control; bpq0.0S EP1 vs EP2; “p<0.05 EP2 vs EP3; ﬂquJ.fJS EP1 vs EP3.

The hematological parameters showed that hema-
tocrit value was relatively lower for groups treated
with EP1 and EP2 extracts compared to control. In
addition, there was a significant difference between
EP1 and EP3. Significant changes in platelet counts
were observed in all treated groups compared
between each other and with control (Table 3). In
view of the obtained results data suggest that the rise
in the number of lymphocytes is due to the fact that

Statistically significant difference by t-test; “p<0.05 compared with the

in the composition of the extract there are constitu-
ents that may produce tissue injury (such as sapo-
nin), consequently leading to enhanced lymphocyte
recruitment, indicating the activation of the immune
system as a defense mechanism of the organism
(Fischer et al. 2008). Although the hematological
analysis demonstrated significant changes, these
results did not lead to physiological changes, as
there was no compromise in the general health of
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Table 3. Blood hematological parameters of mice orally administered the organic extracts of P. moniliformis for 14 days.

Control EP1 EP2 EP3
Parameters (10% DMSO+PBS) (2000 mg/kg) (2000 ma/kg) (2000 ma/kg)
Hematocrit (HCT) (%) 4020 £ 3.25 8.00 + 2.64*4 1850 £ 12.20° 28.80 £ 9.11
Hemoglobin (g/dL™") 10.00 + 1.02 9.23 + 6.72 1330 + 22 12.56 + 055
MCV (L) 53.57 = 151 105.46 + 1645 81.56 + 32.52 69.16 + 29.93
MCH (pg) 1337 £ 044 39.40 + 3.90 39,03 + 3504 31.86 + 14.16
MCHC (g/dL) 2521 + 0.25 60.40 + 19.77 5806 + 16.77 4716 + 17.32
Platelets (10%/mm’) 72257 + 8239 19366 + 11.01* & ¢ 896.0 + 31.74* b © 390.66 + 57.45% © ¢
Lymphocytes (%) 7501 + 6.52 93.83 + 0.25° 90.86 + 2.48% © 94.86 + 1.35°
Leukocytes (%) 2.00 £ 0.79 513 + 3.98 3.90 + 0.81 833 + 390
Erythrocytes (10%/mm?) 7.51 + 058 022 £ 0.18 281+ 275 461 230
RDW-CV 2762 £2.04 29.76 + 1.35 3116 + 257 3163 £ 539

EP1: Hexanic extract; EP2: Ethyl acetate extract; EP3: Methanolic extract. MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin;
MCHC: mean concentration of corpuscular hemoglobin; RDW-CV: Red cell distribution width. The data are expressed as the meanSD. Statistically
significant difference by t-test, p<0.05 compared with the control; "p<0.05 EP1 vs EP2; “p<0.05 EP2 vs EP3; 9p<0.05 EP1 vs EP3.

Table 4. Relative mass of the organs after euthanasia of the male mice treated with the organic extracts of P. moniliformis.

Control EP1 EP2 EP3
Parameters (109% DMSO+PBS) (2000 mg/kg) (2000 mg/kg) (2000 mg/kg)
Spleen (g) 0.150 + 0.02 0.162 + 0.01 0.142 + 0.00° 0.212 + 0.03
Heart (g) 0.205 = 0.01 0.207 = 0.01 0.199 + 0.00 0.247 + 0.05
Stomach (g) 0.303 = 0.00 0.491 £ 0.05* 0.504 + 0.05* 0531 £ 0.03°
Liver (g) 2.198 + 0.20 2293 + 0.04 2,144 = 0.11° 2640 £ 017°
Right lung (g) 0.175 = 0.08 0.146 + 0.02 0.122 = 0.02 0.193 + 0.06
Left lung (g) 0.072 £ 0.02 0.093 + 0.01 0.089 + 0.01 0.102 + 0.02
Right kidney (g) 0.299 £ 0.01 0.283 £ 0.02 0.288 £ 0.0 0336 + 0.04
Left kidney (g) 0.291 £ 0.01 0.295 + 0.02 0.281 = 0.01 0.341 £ 0.03

EP1: Hexanic extract; EP2: Ethyl acetate extract; EP3: Methanolic extract. The data are expressed as the meanSD of n = 3 animals per each group.
Statistically significant difference by t-test, ®p<0.05 vs control; ®p<0.05 EP1 vs EP2; “p<0.05 EP2 vs EP3; “p<0.05 EP1 vs EP3.

Table 5. Histomorphometric analysis of the liver, kidney, and spleen of mice exposed to the organic extracts of P. moniliformis leaves.

Liver Kidney Spleen
Groups Hepatocyte (%) Kupffer cell (%) Corpuscle (pmz} Glomerulus (umz} Stroma (%) Red pulp (%)  White pulp (%)
EP1 30.28 + 7.00° ¢ 1823 + 5.11* ¢ 35074 + 147459 26172 £ 11865*%  3.86 £ 162 4363 + 1150 52.50 + 10.91°
EP2 27.35 + 748> © 17.51 £ 9.09° 34459 + 1306.1* © 26004 + 10394° 3.51 £152 4360 £ 1157  53.07 £11.06
EP3 3765+942 %Y 2713 +£734* %Y 43631 + 1962.1° 32976 + 1519.0° 3.79 £ 176" 4163 +£1192 5344 +1092°
Control 2875+ 7.9 14.75 + 4.86 4315.2 £ 1500.0 2961.0 £ 11159 321 £222 3869 £ 1458 58.09 £ 14.08

EP1: Hexanic extract; EP2: Ethyl acetate extract; EP3: Methanolic extract. Statistically significant difference by Mann-Whitney test at 5%; “p<0.05
compared with the negative control; bp<0.05 EP1 vs EP2; “p<0.05 EP2 vs EP3; d[.'MIJ.(JS EP1 vs EP3. The data are expressed as the mean+SD of n =
3 animals per group.

the animals, which confirmed the low toxicity of the =~ Histomorphometric analysis
extracts.

Macroscopic analysis did not demonstrate signifi-
cant changes in vital organs, as no signs of ischemia,
bleeding, fibrosis, or degenerative proliferation were
observed in the treated mice. A significant increase
in the weight the stomach was observed in all treat-
ment groups compared with control. The EP3
extract also induced elevation in relative liver mass
(Table 4), possibly due to the increase in the number
of hepatocytes verified in the histomorphometric
analysis, thus suggesting the presence of liver lesion
(Marinho et al. 2017)

Histomorphometric analyses of the liver, kidneys,
and spleen of mice exposed to organic extracts
(EP1, EP2, and EP3) are presented in Table 5. Data
demonstrated that there was a significant increase in
total number of hepatocytes in animals treated with
EP3 (Figure 6). This abnormal proliferation of hepa-
tocytes may be indicative of possible regeneration of
liver tissue to circumvent pathological and/or experi-
mental conditions influenced by several factors
(Marinho et al. 2017). Investigators showed that
some medicinal plants induce hepatotoxicity owing
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Figure 6. Photomicrographs of different tissues submitted to acute toxicity studies. A (control) and B (treated) — Note an increase in
the number of hepatocytes in the liver of animals treated with EP3; Hepatocyte (arrow). C (Control) and D (Treated) — Decreased
corpuscle area and kidney glomerulus of animals treated with EP1 and EP2. Glomerulus (asterisk). E (Control) and F (Treated) -
Observe reduction of white pulp of the spleen of animals treated with EP1. RP (Red Pulp), WP (white pulp). Hematoxylin-eosin; 400x.

to their constituent substances, especially when these
substances are generated by extract from alcohols
such as methanol (Paz et al. 2005; Santos et al.
2010). In addition, EP3 contained a higher amount
of saponins when compared to other extracts, and
the presence of saponins in this extract may account
for elevation in number of hepatocytes (Diamantino
2018). The EP1 and EP3 extracts resulted in a rise in
Kupffer cells, which may be an indication of inflam-
matory processes and liver damage (Figure 6).
However, additional tests are required, using, for
example, pro-inflammatory markers such as TNF
and IL-6. These cells play a key role in phagocytosis
of foreign particles and are of importance for main-
taining liver function in pathological and physiolo-
gical conditions (Arii and Imanura, 2000). In
addition, Kupffer cells contribute significantly to
the inflammatory response by eliminating harmful

substances and modulating the immune response.
Thus, the cellular activation of the inflammatory
processes may be related to the morphological
signs of activation and to the increase in the cellular
population that release biologically active substances,
such as cytokines, to promote the pathological pro-
cess after activation (Eguchi, McCuskey, and
McCuskey 1991; Tsutsui and Nishiguchi 2014).
Thus, this increase in number of Kupffer cells may
be related to the pathogenesis of hepatic injury due
to exposure to toxins, chemicals, and/or pharmaco-
logical agents (Ito et al. 2003; Kolios, Valatas, and
Kouroumalis 2006; Luckey and Petersen 2001; Ono
et al. 2004).

Decreases in the area of corpuscles and renal
glomeruli were observed after treatment with
extracts EP1 and EP2 (Figure 6) (Table 5), suggesting
a deficiency in filtration rate, as the glomerulus is the
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initial site of exposure to chemical substances, which
may promote modifications in its structure and
function. In some situations, these substances may
lead to altered permeability and proteins with mod-
ification in size and load; and therefore the develop-
ment of lesions at this site (Klaassen 2007). There
was a significant rise in the stroma in the group
treated with EP3. Data presented in Table 6 also
show that there was a significant decrease in white
pulp in the group treated with EP1. It is of interest
that white pulp houses T lymphocytes and hence the
defenses of an organism reliant on the spleen may be
compromised (Aguiar et al. 2008; Christopher 2003;
Torres et al. 2000).

Given the obtained data, it is considered that
the organic extracts obtained from P. moniliformis
exhibit low acute toxicity and are classified as class
5 according to the classification recommended by
OECD 423, as the estimate of LDs5y was higher
than 2000 mg/kg (OECD, 2008). Based upon this,
it is possible that the oral use of P. moniliformis
did not produce physiological damage to the line-
age of the mice examined in the present study,
although an experimental evaluation in humans
is necessary in order to strengthen these results.
Souza (2017) examined the aqueous extract of
Libidibia ferrea (belonging to the Fabaceae family)
at a dose of 2000 mg/kg, which confirmed that the
species did not present any toxicological effect in
an experimental animal model. It should be noted
that most of the plant species used by the Brazilian
population do not exhibit a proven pharmacologi-
cal or toxicological effect (Bacchi, 1995; Boscolo
and Valle 2008). In addition, the caatinga biome is
considered the least studied in the country and its
contribution to the rich Brazilian biodiversity is
still underestimated (Foncesca, 2017; Leal et al.
2005).

Comet assay

In the comet assay, the organic extracts (EP1, EP2,
and EP3) of P. moniliformis leaves were determined.
A dose of 1000 mg/kg, corresponding to half of the
dose used for the acute toxicity, was used for all
extracts and established owing to the difficulty of
dilution of the extracts.

According to the calculated results for the damage
index, extracts EP1, EP2, EP3 were not genotoxic

Table 6. Mutagenicity and genotoxicity assessment using the
micronucleus test and comet assay.

Tests
MN D FD
Groups Mean+5D Mean+5D Mean=5D
EP1 12+13 127.0 £ 293 796 £ 17.7
EP2 28+14 166,2 + 61.4 924 +63
EP3 32+08 147.6 + 445 768 £ 113
Control 1.0 £ 07 534 + 335 856 + 35
Cyclophosphamide 254 +12.3% 3314 £ 381% 98.2 £ 3.5%

EP1: Hexanic extract; EP2: Ethyl acetate extract; EP3: Methanolic extract.
SD: standard deviation; MN: micronucleus; ID: damage index by
comet assay; FD: percentage damage factor by comet assay; *
Significant difference compared with the negative control, by the
Mann-Whitney test.

using the comet assay, obtaining values of 127.0,
166.2 and 147.6, respectively, while the damage factor
values were 85.3, 924 and 76.8, respectively, indicating
no significant difference compared between doses and
with negative control. However, there was a significant
difference when the evaluated compounds were com-
pared with positive control (Table 6).

Since DNA damage by the comet assay was not
detected, it may be inferred that the test substances did
not display genotoxicity (Mendon¢a et al. 2010).
According to Abdelmigid (2013) to submit informa-
tion on genotoxicity is a prerequisite for commercial
authorization and registration of medicinal plants in
certain countries products. In the regulatory frame-
work, the safety assessment of herbal medicines range
from the introduction of safety data to withdrawal
from the market. It is noteworthy that the comet
assay is considered one of the most important tools
for the assessment of damage to DNA with high
sensitivity that is employed in a wide variety of cells
as a standard method in the safety analysis of new
drugs (Tice et al. 2000).

Micronucleus test

Polychromatic  erythrocytes  with  micronuclei
(EPCMn) from animals treated with the extracts
(EP1, EP2,and EP3) were also analyzed. The statistical
analyses verified that there were no significant differ-
ences between groups treated with negative control
and between the test compounds. Therefore, the trea-
ted agents were not considered to induce mutagenicity
in the MN test. Corroborating the results of the pre-
sent study, Diisman et al. (2013) demonstrated the
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non-cytotoxic and antimutagenic action of aqueous
extracts of Bauhinia forficata (belonging to the
Fabaceae family) administered in vivo model, using
the MN assay in Wistar rats.

Compounds present in plant extracts may produce
irreversible damage to health and consequent mortal-
ity owing to their natural mutagenic and genotoxic
substances (Verschaeve et al. 2017). Therefore, the
interest in the evaluation of genotoxicity and muta-
genicity in vivo alter exposure to P. moniliformis
extracts is warranted, because it is widely used by
a particular community and linked to its culture.

Conclusions

The organic extracts (EP1, EP2, and EP3) from the
leaves of P. moniliformis did not produce toxicity in
treated animals. No deaths or biochemical and hema-
tological alterations were observed. Despite this, the
EP3 extract produced hepatic damage as observed by
microscopy. The results of the cylotoxicity test
demonstrated that no extracts induced toxicity to
normal human cells (J774.A1 and HEK-293), which
indicated the potential as a reliable source for the
discovery of future phytopharmaceutical compounds.
Further, the genotoxicity and in vivo mutagenicity
assays revealed that the extracts led to no marked
changes or DNA damage in the cells analyzed.
Although additional in vivo assays and in vitro toxicity
studies are required in other normal human cell lines
for confirmation of the efficacy and safety of predini-
cal use, the results for P. monil{fomis extracts obtained
here demonstrate that it exerts no adverse effects,
which may indicate the potential use of this plant
species in folk medicine.
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RESUMO: A Pityrocarpa moniliformis € uma
espécie endémica da caatinga, bastante
utilizada pela comunidade local para fins
terapéuticos. Apesar de ser usada na medicina
tradicional, os estudos que caracterizam esta
espécie quanto as suas atividades biclogicas
sdo escassos, mas alguns estudos tém
demonstrado propriedades bioldgicas como
atividade antimicrobiana e antioxidante. O
presente trabalho teve como objetivo avaliar
a atividade hemolitica in vifro dos extratos
orgénicos das folhas de FP. moniliformes. As
folhas de P. moniliformes foram coletadas no
Parque Nacional do Catimbau, em Buique,
Pernambuco. Os exiratos foram obtidos em
aparelho soxhlet seguindo a série eluotrépica
utilizando os solventes ciclohexano, acetato
de etila e metanol. A atividade hemolitica foi
realizada com eritrécitos humanos obtidos
por puncdo venosa e colocados em tubos
heparinizados de voluntarios saudaveis,
com consentimento informado por escrito do
individuo doador espontédneo. Os extratos
organicos de P. moniliformis nao apresentou
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acao hemolitica visto que nao foi observada formagao de hemolise em nenhuma das
concentracdes dos extratos testados (125, 250 e 500mu/mL). O extrato hexanico foi
0 que apresentou % de hemolise maior em relagcao aos exiratos de acetato de etila
e metandlico na concentragao de 500ug/mL. Este teste torna-se necessario para
verificar a seguranca e eficacia do uso da espécie vegetal. Alem disso, a auséncia
da atividade hemolitica em eritrécitos sugere que esta planta possui um potencial
biologico promissor, podendo ser util em futuras preparacdes farmacoldgicas.
PALAVRAS-CHAVE: atividade antioxidante; caatinga; plantas medicinais.

ABSTRACT: Pityrocarpa moniliformis is an endemic species of caatinga, widely used
by the local community for therapeutic purposes. Although they have been used in
traditional medicine, studies that have more characteristics regarding their biological
activities are scarce, but some studies have as reference the biological properties
as an antimicrobial and antioxidant activity. The present work had as objective
to evaluate the in vitro hemolytic activity of the organic extracts of P moniliformes
leaves. The leaves of P. moniliformes were collected in the National Park of Catimbau,
in Buique, Pernambuco. The extracts were obtained in soxhlet apparatus following
the eluotropic series using the solvents cyclohexane, ethyl acetate and methanol.
Hemolytic activity was performed with human erythrocytes obtained by venipuncture
and placed in heparinized tubes of healthy volunteers, with written informed consent
of the spontaneous donor individual. The organic extracts of P. moniliformis did not
present hemolytic activity since no hemolysis formation was observed in any of the
extracts tested (125, 250 and 500mw/mL). The hexanic extract was the one with the
highest haemolysis percentage in relation to extracts of ethyl acetate and methanolic
at the concentration of 500ug/mL. This test becomes necessary to verify the safety and
effectiveness of the use of the vegetal species. In addition, the absence of hemolytic
activity in erythrocytes suggests that this plant has a promising biological potential and
may be useful in future pharmacological preparations.

KEYWORDS: antioxidant activity; caatinga; medicinal plants.

11 INTRODUGAO

As espécies vegetais produzem uma grande variedade de substancias quimicas
que podem apresentar diversas atividades biolégicas e constituem ainda hoje um
recurso terapéutico relevante para uma parcela significativa da populagao mundial que,
n&o tem acesso aos medicamentos industrializados (TORRES et al., 2005). No uso
popular, muitas dessas espécies sao utilizadas sem que haja estudos toxicologicos,
gue segundo o conhecimento da comunidade no qual a planta por apresentar origem
natural, provavelmente nao acarreta riscos a salde, refor¢a ainda mais a necessidade
de extrema preocupacéo com relacéo ao seu uso. Algumas dessas espécies possuem
estudos quimicos e/ou farmacolégicos oferecendo suporte para a sua utilizag&o, outras
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s&o empregadas baseadas apenas em conhecimento empirico ou tradicional (SIMOES
et al.,, 2001). Diante dessas informacdes faz-se necessaria a implementagédo dos
estudos toxicologicos com as plantas, garantindo a seguridade no uso das mesmas.

Um dos modelos experimentais in vitro utilizados para analisar os efeitos toxicos
de plantas & o ensaio com eritrocitos, que tem a finalidade de investigar a agao toxica
e protetora de uma grande variedade de substancias. O eritrdcito € um tipo de célula
gue possui altas concentracdes de acidos graxos polinsaturados, oxigénio molecular e
ions ferro no estado ligado (NIKI et al., 1991), fazendo com que sua membrana celular
figue muito vulneravel a reacdes envolvendo radicais livres e que também fique muito
susceptivel a hemolise (BRANDAO et al., 2006).

A deteccao da atividade citotdxica € uma das medidas primordiais, visto que
varios compostos quimicos podem ter a capacidade de causar efeitos toxicos e
modificar a informacé&o genética contida no DNA. Portanto, a obtencéo de dados sobre
a toxicidade desses agentes deve ser assegurada por experimentos que fornecam,
com uma razoavel margem de seguranca, indicacoes sobre os riscos envolvidos na
sua utilizagao (BENIGNI, 2005). A avaliagao citotdxica através da quantificagéo da
hemdlise € um modelo simples para estudar o efeito tdxico ou protetor de uma grande
variedade de substéncias ou situa¢des que sdo associadas ao estresse oxidativo
(LEXIS et al., 20086).

Um exemplo de espécie pouco estudada, porém, utilizada popularmente
para fins medicinais é a Pityrocarpa. moniliformis, que possui poucos relatos sobre
sua caracterizacéo fisico-quimica, biclégica, seguranga e eficacia. A Pityrocarpa
moniliformis & uma planta arbérea do Nordeste do Brasil, ocorrendo disjunta em
florestas secas da regido de Sucre (Venezuela). Por ser uma planta endémica da
caatinga, que apresenta varias espécies vegetais com grande potencial terapéutico e
farmacolégico (MELO et al , 2010; COSTA et al,, 2017; MALAFAIAet. al., 2017; VIEIRA
et al.,, 2017) e ser uma espécie ainda pouco explorada, ha a necessidade de estudos
mais profundos acerca de suas atividades biologicas. Estudos recentes revelaram um
potencial antioxidante significativo, como também atividade antimicrobiana promissora
(DA SILVA et al., 2011; SILVA, 2013; TRENTIN et al., 2015).

Tendo em vista que poucos estudos foram realizados a fim de melhor o
entendimento das atividades biologicas e o efeito tdxico causado pela P. moniliformis,
este trabalho visou avaliar o acéo toxica dos extratos organicos desta espécie através
do ensaio in vitro de atividade hemolitica de eritrécitos. Além disto, o estudo serviu
para julgar a viabilidade de uso do teste de acao hemolitica e sua aplicacao para
avaliacao preliminar da toxicidade de plantas.

21 METODOLOGIA
As folhas de P. moniliformis foram coletadas no Parque Nacional do Catimbau,
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em Buique, Pernambuco. O material foi levado a estufa de circulacao de ar forgado (40-
45°C) por um periodo de trés a quatro dias. As amostras também foram identificadas
conforme as técnicas taxondmicas habituais e depositado no Herbario IPA, do Instituto
Agrondmico de Pernambuco. O material vegetal foi processado em moinho de bancada
e submetidos a extragac em aparelho de Soxhlet seqguindo a ordem eluotropica dos
solventes: ciclohexano, acetato de etila e metanol. As amostras foram rotaevaporadas
e deixadas em temperatura ambiente para secagem completa do solvente. Todos
os extratos obtidos foram armazenados a -20 °C para analises adicionais. Para os
ensaios de atividade hemolitica in vitro foram utilizados 5mL de sangue obtidos por
puncéo venosa € colocado em tubos heparinizados de voluntarios saudaveis, com
consentimento informado por escrito do individuo doador espontaneo. Os eritrocitos
humanos foram isclados por centrifugagao (1500 rpm, 10 min a 4 °C) e lavados trés
vezes com solugao salina tamponada com fosfato (PBS; pH 7.4). Cada tubo recebeu
1,1 mL de suspensao de eritrocitos (19%) e 0,4 mL de varias concentragdes dos extratos
(125, 250 e 500 pg/mL). Os controles foram apenas solventes (negativo) e Triton X-100
(positivo). Apds 60 min de incubagao as células foram centrifugadas e a absorvéncia do
sobrenadante foi registada a 540 nm. A atividade hemolitica foi expressa pela formula
seguinte: atividade hemolitica (%) = (Aa - As) x 100/ (Ac - As), onde: Aa=absorbancia
da amostra; As=absorbancia do solvente; Ac = absorbancia do controle positivo.

31 RESULTADOS E DISCUSSAO

No ensaio hemolitico, os extratos organicos obtidos de P. moniliformis néo
apresentou acao hemolitica visto que nao foi observada formagéo de hemalise em
nenhuma das concentracdes dos extratos testados (menos de 10% ha concentracao
mais alta testada - 500 pg/mL) (Figura 1), permanecendo limpida a solugao de soro
fisiolégico apbs a centrifugacdo, ou seja, as hemacias permaneceram integras no
fundo dos tubos, com a formacgao de um precipitado, sem que tenha havido a lise das
celulas. O extrato hexanico foi o que apresentou % de hemolise maior em relacéo aos
extratos de acetato de etila e metandlico na concentracéo de 500 pg/mL.

Um resultado similar foi encontrado no experimento realizado por Silva e Lima
(2010), no qual o efeito hemolitico dos extratos do Juazeiro foi avaliado em cultura
de eritrocitos de camundongos (2%), em que foi encontrada a auséncia de atividade
hemolitica dos extratos brutos e subfracdes das cascas e folhas em concentracdes
abaixo de 200 pg/mL.

As plantas medicinais apresentam em sua composic&o principios ativos
responsaveis pelas propriedades terapéuticas a elas atribuidas. Apesar disso, reacoes
adversas podem aparecer em decorréncia de uso indevido ou contado direto com a
mesma.
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Atividade hemolitica de extratos organicos de Pityrocarpa moniliformes
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EXTRATOS ORGANICOS

Figura 1- Atividade hemolitica dos extratos organicos das folhas de P. moniliformis.

O efeito toxico de alguns produtos naturais ja € bem conhecido. Dewick (2002)
afirma que os alcaldides, mesmo em pequenas quantidades, séo substancias
naturalmente, toxicas. Da mesma forma, a habilidade dos taninos, de interagir com
proteinas e outras macromoléculas lhe conferem atividades toxicas e aglutinantes
(SILVA, 1999; MONTEIRO et al., 2005).

Outro grupo de compostos naturais associado a toxicidade sdo as saponinas
triterpénicas que possui alta capacidade de produzir hemolise. Esse efeito é resultante
da sua capacidade de interagir com os componentes da membrana celular dos
eritrocitos, principalmente com as moléculas de colesterol, induzindo uma deformacéo
na membrana com consequente extravasamento do contetido intracelular (DEWICK,
2002; GLAUERT et al,, 1967; KARABALIEV et al., 2003).

A atividade hemolitica das saponinas faz parte do sistema de protecao do vegetal
contra ataques de predadores (insetos, virus, fungos e bactérias) (BRUNETON, 1999).
A acao antimicrobiana atribuida a varias plantas, muitas vezes, esta relacionada a
presencga de tais compostos (LACAILLE-DUBOIS; WAGNER, 1996).

Em laboratérios, oteste de hemélise in vitrovem sendo empregado rotineiramente
em estudos de toxicidade de plantas medicinais e de interesse pecuario mostrando-
se positivo, sobretudo, a espécies que apresentam saponinas em sua constituicao
(PEQUENO; SOTO-BLANCO, 2006).

A realizacao deste teste torna-se necessario, pois a hemolise € caracterizada
pela ruptura do eritrocito com liberagcdo de hemoglobina e a hemoglobina livre no
plasma é prejudicial & satde causando serios danos em orgaos vitais tais como figado,
rins e coragao, sendo necessario dessa maneira a observagao da referida atividade
(CARVALHO et al, 2007). Sendo assim, estes resultados se mostraram bastante
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significativos para a utilizacdo desta planta que revelaram um potencial antioxidante
significativo, como também atividade antimicrobiana promissora (DA SILVA et al., 2011;
DA SILVA, 2013; TRENTIN et al., 2015)

Embora estudos fitoquimicos demonstrem a presenca de alguns compostos
téxicos como saponinas e taninos em extratos de P. moniliformis (DA SILVA, 2013), o
ensaio de toxicidade in vitro desta planta nao evidenciou a atividade hemolitica dos
seus extratos. Visto que, em nenhuma das conceniragdes testadas, 500 a 125 mu/m,
os extratos de P. moniliformis nao causaram danos a membrana do eritrécito, isto é
bastante relevante, visto que os eritrécitos tém um papel importante no transporte de
gases (O, E CO,) e também no controle da formagao de espécies reativas de oxigénio
(ROS) no organismo (IGNARO, et al., 1999). Entretanto tal resultado, ndo exclui a
existéncia de uma agao toxica, uma vez que maiores concentragdes dos extratos ainda
nao foram testadas e poucos estudos com a espécie sao encontrados na literatura.

41 CONCLUSOES

Os extratos organicos de Pityrocarpa moniliformis nao apresentaram atividade
hemolitica in vitro nas concentragdes de 500, 250 e 125 myu/ml. Desta forma, os
resultados negativos obtidos nesse trabalho se tornam interessantes, pois confirmam
que esta planta apresenta um potecial biolégico promissor, podendo ser util em
futuras preparagdes farmacologicas. No entanto, testes adicionais sao necessarios
para avaliar a atividade hemolitica com concentragdes mais elevadas dos extratos
organicos.
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