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RESUMO
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ANTIBACTERIANO DE Anacardium microcarpum E SUA TOXICIDADE
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AUTOR: VALTER MENEZES BARBOSA FILHO
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CO-ORIENTADORA: DR2 SIRLEIS RODRIGUES LACERDA
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O estresse oxidativo resulta do desequilibrio entre a producgéo de espécies reativas de oxigénio
(ERO) ou de nitrogénio (ERN) e/ou da diminuicdo do sistema de defesa antioxidante. Esta
condicdo pode predispor o surgimento de Varios processos patoldgicos, como os infecciosos.
Anacardium microcarpum é uma espécie nativa da regido Nordeste do Brasil, sendo usada na
medicina popular, como ténico no tratamento de inflamag&o, reumatismo, tumores e doengas
infecciosas. Porém, ha falta de estudos na literatura sobre o envolvimento da atividade
antioxidante e antibacteriana de A. microcarpum em suas propriedades farmacolégicas,
especialmente em relacdo ao estresse oxidativo. Sendo assim, a primeira parte deste trabalho
avaliou in vitro, o potencial antioxidante das fragdes etandlica, metandlica e acetato de etila
das cascas do caule de A. microcarpum usando modelos quimicos e bioldgicos, bem como,
seus possiveis efeitos toxicos em leucdcitos e eritrécitos humanos. Os resultados
demonstraram que todas as fraces de A. microcarpum (1-400 pg/mL) sequestraram o radical
1,1-difenil-2-picrilhidrazila (DPPH) e inibiram a peroxidaco lipidica induzida pelo Fe?* (10
puM) em homogeizados de cérebro e figado de ratos. As fracdes ndo apresentaram nenhum
efeito toxico na viabilidade celular em leucécitos, e ndo induziram a hemolise dos eritrdcitos
humanos. A partir destes resultados, a segunda parte deste trabalho investigou o potencial
antibacteriano destas fracdes diante de linhagens padrdo de Escherichia coli, Pseudomonas
aeruginosa e Sthapylococccus aureus e sua atividade moduladora de drogas antibacterianas
de uso clinico. Os dados revelaram que houve fraca inibi¢cdo do crescimento bacteriano na
presenca das fracbes com a CIM (concentracdo inibitéria minima) de 512 pg/mL. Entretanto,
as fragbes apresentaram efeito modulatdrio relevante em combinagdo com antibacterianos,
sendo os resultados especialmente notorios, para um sinergismo com aminoglicosideos contra
cepas multirresistentes de E. coli quando elas foram adicionadas ao meio de crescimento a
uma concentragdo sub-inibitéria (CIM/8 = 64 pg/mL). Em conclusdo, os resultados
apresentados demonstram de forma inédita, a atividade antioxidante de A. microcarpum, o
que pode pelo menos em parte, ser atribuido ao seu contetido polifendlico. E possivel sugerir
que a interacdo dos constituintes quimicos de A. microcarpum com o0s antibioticos
provavelmente estd relacionada aos efeitos moduladores observados. Com base nestes
estudos, pode-se dizer que o uso de A. microcarpum na medicina tradicional apresenta base
cientifica e a espécie é promissora para a descoberta de novas drogas que poderiam auxiliar
no tratamento de doencas infecciosas.

Palavras-chave: Anacardium microcarpum. Antioxidante. Atividade antibacteriana.
Citotoxicidade. Estresse oxidativo.
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Oxidative stress reflects an imbalance between the systemic manifestation of reactive
species and a biological system’s ability to readily detoxify the reactive intermediates or to
repair the resulting damage. This condition may facilitate the onset of various pathological
processes, including infections. Anacardium microcarpum is a native species from the
Northeast Brazil, used in folk medicine as a tonic for the treatment of inflammation,
rheumatism, tumor, and infectious diseases. However, there is no information in the litterature
regarding the involvement of antioxidant and antibacterial activities of A. microcarpum in its
pharmacological properties, especially in relation to oxidative stress. Therefore, the first part
of this study aimed at evaluating in vitro, the potential antioxidant of ethanolic, methanolic
and ethyl acetate fractions from the stem barks of A. microcarpum using chemical and
biological models, as well as their possible toxic effects in human leukocytes and
erythrocytes. The results demonstrated that all the fractions (1-400 pug/mL) scavenged the 1,1-
difenil-2-picrilhidrazila (DPPH) radical, and inhibited lipid peroxidation caused by Fe?* (10
pUM) in rat brain and liver homogenates. The fractions did not have any toxic effect on
leukocytes and did not caused hemolysis of erythrocytes. Based on these results, the second
part of this work was to investigate the antibacterial potential of these fractions against
Escherichia coli, Pseudomonas aeruginosa and Sthapylococccus aureus, and their
modulatory potential in combination with antibiotics drugs. The data revealed that all the
fractions exhibited low antibacterial activity against multidrug resistant strains with minimal
inhibitory concentration (MIC) of 512 pg/mL. However, the fractions showed notorious
synergism with antibiotic drugs, especially from the class of aminoglycosides against E. coli,
when they were added to the growth medium at the sub-inhibitory concentration (i.e., MIC/8
= 64 pg/mL). In conclusion, the results demonstrated for the first time the antioxidant activity
of A. microcarpum which can be at least in part, attributed to its polyphenolic content. The
possible interaction of chemical constituent from A. microcarpum with antibiotics may be
associated with the modulation observed. Taken together, the use of A. microcarpum in
traditional medicine has a scientific base and could be a promising source for the discovery of
new drugs that could assist in the treatment of infectious diseases.

Keywords: Anacardium microcarpum. Antioxidant. Antibacterial activity. Cytotoxicity.
Oxidative stress.
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APRESENTACAO

Os temas abordados nesta tese se encontram dispostos da seguinte forma:

No item INTRODUCAO consta uma Revis&o da Literatura.

Os itens MATERIAS E METODOS, RESULTADOS e DISCUSSAO estio
apresentados na forma de um artigo e um manuscrito.

A realizacdo dos experimentos de pesquisa envolvendo animais recebeu a aprovagao
da Comisséo de Etica no Uso de Animais da Universidade Federal de Santa Maria - UFSM,
sob numero de protocolo: 076/2012

Os itens DISCUSSAO E CONCLUSAO trazem comentarios sobre os resultados em
conformidade com a literatura especializada e as PERSPECTIVAS DO ESTUDO estdo no
final da tese.

As REFERENCIAS estéo citadas no artigo e no manuscrito e as referéncias utilizadas

para a introducdo e a discussao estdo elencadas no final da tese.



1 INTRODUCAO

1.1 Anacardium microcarpum e suas propriedades farmacoldgicas

O género Anacardium esta representado por onze (11) espécies, dentre as quais 0
Anacardium occidentale (caju) € o mais conhecido pelos seus valores nutricionais e
econdmicos. Este fato se deve a exploracdo dos pseudofrutos para a produgdo de doces e
sucos, e ainda, a améndoa e o liquido obtido a partir da casca da castanha do caju sdo
importantes produtos de exportacdo (SANTOS; MAGALHAES, 1999). Este género esta entre
0s mais pesquisados da familia Anacardiaceae, em relacdo aos constituintes quimicos e
atividades bioldgicas dos extratos e derivados. Estes sdo ricos em flavonoides, lipideos
fenolicos, terpenos, xantonas e esteroides (CORREIA; DAVID; DAVID, 2006).

A espécie Anacardium microcarpum, conhecida popularmente como cajuizeiro € uma
planta nativa do Brasil, especialmente da regido Nordeste (figura 1). Seus pseudofrutos
possuem elevados niveis de vitamina C, aglcares, compostos fendlicos e minerais (célcio,
ferro e fosforo). Esta espécie produz pedinculos pequenos, mas com excelente sabor e livres
de adstringéncia (AGOSTINI-COSTA et al., 2003, 2004).

Na medicina tradicional, as infusdes das cascas do A. microcarpum (figura 2) séo
frequentemente usadas para o tratamento de inflamagdo, reumatismo, tumor e doencas
infecciosas, sendo que tais enfermidades mantém correlagdo com o estresse oxidativo.
(ALEXANDER, 2008; TEDONG et al., 2010).

VIEIRA; MAYO; ANDRADE (2014) estudaram as caracteristicas morfologicas do
Anacardium microcarpum, nos estados do Ceara, Maranhdo, Pard, Piaui, e Rio Grande do
Norte, no sentido de estabelecer diferencas taxondmicas para as espécies A. occidentale e A.
microcarpum. A. microcarpum se caracteriza pelo habito arboreo, folhas simples, flores
pequenas e perfumadas dispostas em panicula e, sobretudo, pelo fruto e hipocarpo de
tamanhos diminutos, que o diferencia do seu parente mais proximo, a espécie A. occidentale.
Apesar da inexpressividade econdmica do A. microcarpum, tanto pelo fato de ndo ser
cultivado quanto pelo pequeno tamanho, o cajui desempenha papel sécio-econdmico

importante nos seus locais de ocorréncia.
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Figura 1 — Anacardium microcarpum. Chapada do Araripe, Crato-CE, Brasil.

Fonte: Arquivo pessoal do pesquisador.

Figura 2 — Anacardium microcarpum (Cascas do caule). Chapada do Araripe, Crato-CE,
Brasil.

Fonte: Arquivo pessoal do pesquisador.

O é&cido anacardico é utilizado na inddstria quimica para a producéo de cardanol, que é
usado para resinas, revestimentos e materiais de friccdo, sendo reportado como o principal
componente desta espécie. VAarios estudos tém se voltado a avaliagdo de atividades bioldgicas
dos acidos anacardicos, com destaque para a acdo antitumoral, habilidade em inibir as
enzimas tirosinase, prostaglandina sintase e lipooxigenase, atividade antiacne, antibacteriana e
antifungica (CORREIA; DAVID; DAVID, 2006).
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Muitas propriedades farmacologicas tém sido atribuidas as espécies de Anacardiaceae,
em especial ao A. occidentale. As cascas desta espécie possuem atividade antiinflamatoria
atribuida a presenca de taninos condensados (MOTA; THOMAS; BARBOSA FILHO, 1985).
Adicionalmente, sdo referidos efeitos antigenotoxico e antimutagénico de extratos
metandlicos a mesma (BARCELOS et al., 2007a, 2007b). Metabdlitos secundarios presentes
em espécies da familia Anacardiaceae apresentam também, comprovada capacidade
antimicrobiana contra Staphylococcus aureus, Streptococcus mutans e Helicobacter pylori
(MUROI; KUBO, 1996; KUBO et al., 2006; GREEN et al., 2007;), efeito gastroprotetor
(MORAIS et al.,, 2010), anti-viral (GONCALVES et al., 2005), anti-diabetogénico
(KAMTCHOUING et al., 1998), sendo que alguns estudos sugerem atividade promissora na
terapéutica antitumoral (SUNG et al., 2008). A literatura relaciona os efeitos antioxidantes de
espécies do género Anacardium as suas elevadas concentracbes de compostos fendlicos,
particularmente presentes nas cascas e na castanha das plantas (KORNSTEINER; WAGNER,;
ELMADEFA, 2006; KUBO et al., 2006).

Estudo pioneiro avaliando o efeito do extrato etanolico obtido das cascas do caule do
A. microcarpum em modelo de inducdo de Parkinsonismo por Paraquat em Drosophila
melanogaster demonstrou baixa toxicidade e seu potencial neuroprotetor atribuido pelo
menos em parte, & acdo antioxidante desta espécie (MULLER et al., 2013). E importante
mencionar que plantas com potencial antioxidante tém sido vislumbradas pela possibilidade
de modificar o status oxidativo envolvido na patogenia de véarias doencas (NEERGHEEN
etal., 2010; GILES et al., 2012).

1.2 Estresse oxidativo

Radicais livres (RL) sd@o atomos, grupo de atomos ou ions contendo um ou mais
elétrons ndo emparelhados em sua estrutura. Nos seres vivos, sua formagdo ocorre
naturalmente, em processos fisiologicos importantes & manutencdo da homeostase, como nas
reacOes imunoldgicas e inflamatorias (HALLIWELL; GUTTERIDGE, 1999).

A producdo de RL pode ser desencadeada dentro das células por absorcdo de energia
radiante, pelo metabolismo enzimatico de substancias quimicas exdgenas, bem como, por
metais de transi¢do como o ferro, o qual doa ou aceita elétrons durante reacGes intracelulares

e catalisam a formacdo de radicais, como ocorre na reacdo de Fenton (HALLIWELL, 2006).
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Espécies reativas de oxigénio (ERO) e/ou espécies reativas de nitrogénio (ERN) séo
compostos radicalares e ndo radicalares que quando tém sua produgdo em excesso podem
acarretar um desequilibrio ao sistema de defesa antioxidante, determinando uma condicao
conhecida por estresse oxidativo (EO). Os efeitos destas espécies sao abrangentes. Porém, trés
reagO0es sdo particularmente relevantes na lesdo celular: lesdbes do DNA, modificacoes
oxidativas das proteinas e a peroxidacgdo lipidica (PL) das membranas celulares sendo, neste
caso, os acidos graxos poliinsaturados importantes alvos, podendo a sua oxidagdo levar a
formacéo de produtos citotoxicos (SILVA et al., 2005; VALKO et al., 2006).

A peroxidagdo lipidica é o processo pelo qual as ERO/ERN reagem com os lipideos
das membranas celulares ocasionando acentuadas alteracdes na organizagdo estrutural e
funcional, com perda de fluidez e da seletividade ibnica e subsequente liberacdo do conteido
das organelas. Este processo pode ser dividido em trés etapas reacionais de carater
progressivo: iniciagdo, propagagdo e terminagdo (Figura 3), envolvendo a formagédo de
hidroperdxidos lipidicos, os quais decompdem as duplas ligacbes dos &cidos graxos
desencadeando o dano as membranas (LAGUERRE; LECOMTE; VILLENEUVE, 2007;
PETRESCU et al., 2001).
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Figura 3 — Etapas do processo de peroxidacao lipidica
Fonte: (Adaptado de HALLIWELL; GUTTERIDGE, 1989).

Diversos modelos de inducdo da peroxidacdo lipidica tém sido realizados para avaliar
a atividade antioxidante de compostos naturais ou sintéticos in vitro. Nestes, substancias
podem ser testadas diante de agentes pré-oxidantes que possuem a capacidade de produzir
espécies reativas de oxigénio ou de nitrogénio. A utilizacdo do ferro como indutor de dano
oxidativo representa um modelo bastante usado (PEREIRA et al., 2008; PUNTEL,;
NOGUEIRA; ROCHA, 2005). O ferro € um elemento essencial & manutencdo dos processos
metabolicos celulares, participando de mecanismos oxidativos e do transporte de oxigénio
tecidual. Entretanto, sua capacidade de sofrer oxidacdo e reducdo ciclicas, mesmo sendo
aspecto importante para suas funcdes bioldgicas, favorece a formagéo de especies reativas. O
excesso deste ion no compartimento intracelular pode conduzir a disfuncdo mitocondrial e
distdrbios na homeostase do célcio, desencadeando dano ao citoesqueleto e morte celular
(SUDATI et al., 2009; WAGNER et al., 2006).
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As lesdes decorrentes do estresse oxidativo podem ocorrer em qualquer 6rgdo. Nesta
perspectiva, 0 cérebro se torna mais exposto devido a elevada quantidade de acidos graxos
poliinsaturados, niveis baixos de enzimas antioxidantes, niveis elevados de metais de
transicdo (LOHR; KUCZENSKI; NICULESCU, 2003) e grande consumo de oxigénio
(HALLIWELL, 2006). Também as células hepéaticas possuem alta taxa metabdlica
(200kcal/kg/tecido/dia), a qual estad diretamente associada a um elevado fluxo de elétrons na
cadeia respiratdria mitocondrial. Parte destes elétrons é desviada, produzindo ERO adicionais
(SILVA et al., 2010).

Dados da literatura apontam que o estresse oxidativo esta envolvido na patogénese de
varias doengas, como em processos inflamatdrios e infecciosos. A resposta inflamatoria é
essencial ao sistema de defesa do organismo. Porém, quando exacerbada, tem o potencial de
causar danos aos tecidos e aumentar a suscetibilidade a doencas oportunistas (KUMANOTO,
2011).

1.2.1 Antioxidantes

Antioxidantes sdo substancias que exercem protecdo direta ou indireta contra 0s
efeitos toxicos provocados por espécies reativas, podendo atuar como barreira fisica e
prevenir a formacdo de radicais livres ou ainda, em sitios bioldgicos de atuacdo destes, como
por exemplo, a membrana celular. Um agente antioxidante tem a capacidade de doar elétrons
e evitar a oxidacdo de outros compostos, como as biomoléculas (KARADAG; OZCELIK;
SANER, 2009).

Os danos potenciais decorrentes do estresse oxidativo sdo minimizados pelo sistema
de defesa enzimatico e ndo-enziméatico. O primeiro esta representado, principalmente, pelas
enzimas superoxido dismutase, catalase, glutationa peroxidase e glutationa redutase, enquanto
gue vitaminas, compostos polifendlicos (flavonoides e acidos fendlicos) e de baixo peso
molecular (bilirrubina, melatonina, estrogenos), sdo exemplos de antioxidantes ndo-
enzimaticos (BONNEFOY; DRAI; KOSTKA, 2002; EDENHARDER; GRUNHAGE, 2003).

A capacidade antioxidante de produtos naturais pode ser avaliada atraves de métodos
diretos ou indiretos. No primeiro caso, determina-se a acdo de uma substancia contendo
antioxidantes sobre a degradacdo oxidativa de um sistema biologico (plasma sanguineo,

lipideos de membrana, DNA, proteinas, etc.), ao passo em gque 0s métodos indiretos avaliam a
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capacidade de um agente antioxidante em sequestrar radicais livres, sem no entanto, este
evento estar associado com a real degradacdo oxidativa (ROGINSKY; LISSI, 2005). Um
método direto bastante descrito na literatura para a avaliacdo da atividade antioxidante no
sistema bioldgico é a determinagédo da formacdo de malondialdeido (MDA), como produto de
degradacdo oxidativa, pela técnica de TBARS - Thiobarbituric acid reactive substances
(MIGUEL, 2010).

Plantas e seus derivados tém sido usados para o tratamento de varias doengas. Estima-
se que até 80% da populacédo de paises em desenvolvimento se utiliza da medicina tradicional
para o tratamento de seus agravos a saude, ressaltando assim, a relevancia desta pratica, para
comunidades economicamente menos favorecidas (BONFANTI et al., 2013).

Estudos tém sugerido que constituintes fitoquimicos possuem atividades
farmacoldgicas com efeito benéfico no tratamento de doencas relacionadas ao estresse
oxidativo (BOLIGON et al., 2009; PEREIRA et al., 2008). Os compostos fendlicos sdo
amplamente estudados, possuindo em sua estrutura quimica, um ou mais anéis aromaticos,
carregando grupos hidroxilas, o que confere aos mesmos, a habilidade de sequestrar radicais
livres pela formacédo de radicais fenoxil (CARVALHO; GOSMANN; SCHENKEL, 2007).

O crescente interesse na pesquisa de bioatividades de compostos fenélicos, a exemplo
de flavonoides, deve-se a sua capacidade de detoxificar radicais livres bem como, de quelar
metais de transicdo como o ferro, e bloquear a formacdo de espécies reativas de oxigénio
(DUGAS et al., 2000; RICE-EVANS; MILLER; PAGANGA, 1996). Por exemplo, a
quercetina ¢ um flavonoide que apresenta comprovada acdo citoprotetora em modelos in vitro
de morte por apoptose, sendo considerada um excelente antioxidante pela presenca de
grupamentos hidroxilas no anel B e da dupla ligacdo no anel C (WAGNER et al., 2006).
Outros estudos mostram que a presenca deste flavonoide em concentragOes relativamente
altas em extratos de plantas protege contra a diminuicdo da viabilidade celular, a deplecéo de
glutationa e 0 aumento das ERO decorrentes da exposi¢cdo a metais pesados (HOLLMAN;
KATAN, 1997; FRANCO et al., 2009).

Vaérios estudos tém estimulado a investigacdo em torno dos constituintes quimicos
presentes em espécies vegetais com potencial antioxidante dada a capacidade destes de
restaurar e/ou estimular o sistema de defesa endogeno, diminuindo em consequéncia disto, o
dano oxidativo provocado pelo excesso de ERO ou ERN ou pela deficiéncia nos sistemas
antioxidantes, e ainda, prevenir ou amenizar a evolugédo de determinadas doengas (KAMDEM
etal., 2013; MAHDY et al., 2012).
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1.2.2 Fragilidade Osmadtica e Viabilidade Celular em Condigdes Oxidativas

Os eritrocitos sdo particularmente suscetiveis a acdo de agentes oxidantes pelo elevado
contetdo de acidos graxos poliinsaturados em suas membranas e alta concentracdo celular de
oxigénio e hemoglobina (Hb), sendo potentes favorecedores de processos oxidativos
(SICINSKA et al., 2006; SATO; SATO; SUZUKI, 1999). Assim, estas células podem ser
utilizadas como modelo simples e importante de investigacdo de efeito toxico de substancias
em situacOes associadas ao estresse oxidativo (LEXIS; FASSETT; COOMBES, 2006).

Dada a vulnerabilidade das membranas das hemacias ao ataque de espécies reativas de
oxigénio, admite-se o fato de que estas podem ter sua conformacdo estrutural e consequente,
capacidade funcional afetada, com perda da integridade e hemdlise (HALLIWELL;
GUTTERIDGE, 1989).

Vale salientar que a peroxidacdo lipidica e a oxidacdo de proteinas contribuem
significativamente, para a hemdlise decorrente da formacdo de poros, subsequente perda de
potassio e lise celular (DUMASWALA et al., 1999; BUREAU et al., 2005). O método de
fragilidade osmotica é usado para avaliar a sensibilidade dos eritrocitos em meio com solugéo
salina hipotonica, refletindo a capacidade das hemécias em reter uma determinada quantidade
de &gua antes da lise. Em condi¢fes de normalidade, a membrana dos eritrocitos possui a
capacidade de aumentar seu volume em até 70% como resultado de sua configuracdo
bicdncava. Uma vez que este limiar é ultrapassado, decorre a lise da membrana (OTEIZA,
1994).

A investigacdo em torno da citotoxicidade de extratos de plantas é importante para a
padronizacdo de suas aplicabilidades fitofarmacéuticas (CHOODHARY; SEKHON, 2011,
ARUN; SRAVYA; ROJA, 2012; ANANTHA, 2013). A atividade hemolitica avaliada a partir
do teste de fragilidade osmatica € um bom indicador de citotoxicidade, sendo significativa no
screening de plantas, gerando informacéao preliminar sobre as interacfes entre os constituintes
quimicos dos extratos e as estruturas celulares. Estas interagdes podem causar alteracfes nos
lipideos de membranas, levando a mudancas na rigidez da membrana (OTEIZA, 1994).

Outro meétodo usado para avaliacdo da citotoxicidade de extratos de plantas € a
viabilidade celular em leucdcitos. Para tal, um sistema formado por peroxido de hidrogénio
(H,0,) e azida sddica é utilizado com a finalidade de causar dano celular através do bloqueio
da agdo da catalase, que por sua vez, possui elevada atividade em leucdcitos humanos como

sistema de defesa antioxidante diante da lipoperoxidacéo induzida por H,O,. A viabilidade ou



21

ndo das células pode ser estimada pelo ensaio de exclusdo pelo corante azul de Tripan, o qual
penetra em células cujas membranas tenham sido lesionadas, sendo que as células
consideradas ndo viaveis apresentam a coloracdo azul (HYNES et al., 2003; MINERVINI;
FORNELLI; FLYNN, 2004).

1.3 Doencas Infecciosas

As doencas infecciosas tém sido responsaveis pelo aumento nas taxas de morbidade e
mortalidade mundiais. Estima-se que cerca de 26% da mortalidade em todo 0 mundo se deva
as causas infecciosas (CHANDA; RAKHOLIYA, 2011), estando associadas a elevacdo da
ocorréncia de resisténcia microbiana relacionada ao uso indiscriminado de antimicrobianos e
a terapéutica inadequada, o que tem contribuido para 0 aumento de casos graves de infecces
e diminuicdo das alternativas de tratamento efetivo (CORREIA et al., 2007).

Observa-se que a pesquisa por produtos naturais e derivados com capacidade
antioxidante e antimicrobiana tem sido alvo de interesse de pesquisadores com vistas a
oferecer novas modalidades de tratamento que possam melhorar a eficacia, com menos efeitos
colaterais e menor toxicidade (COLOMBO et al., 2006).

Vale ressaltar que extratos de plantas tém sido investigados ndo somente pelo
potencial antimicrobiano direto, mas em combinacdo a farmacos usados na pratica clinica,
pela baixa possibilidade de desenvolvimento de mecanismos de resisténcia. Muitas pesquisas
ja apontam para a possibilidade de modulacdo, em especial, para a acdo sinérgica de
compostos naturais quando associados a antibioticos, por exemplo, como agentes capazes de
modificar a acdo destas drogas. A perspectiva seria de ampliar o espectro antimicrobiano a
partir do sinergismo de produtos que formariam um complexo capaz de destruir 0 agente
microbiano (COUTINHO et al., 2009; CUNHA et al., 2011; MATIAS et al., 2010).

Estudos ja comprovaram a eficacia do sinergismo de extratos de diversas plantas
associadas a antibidticos contra bactérias sensiveis, a exemplo de S. aureus, Salmonella
choleraesuis e Pseudomonas aeruginosa e bactérias resistentes provenientes de isolados
clinicos como Klebsiella pneumoniae, P. aeruginosa, E. coli e S. aureus (NASCIMENTO
et al., 2000; OLIVEIRA et al., 2011).

Reconhece-se a importancia de determinados patdgenos na ocorréncia de infecg¢bes de

relevancia clinica, a exemplo de P. aeruginosa, bactéria Gram-negativa, responsavel por
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doencas de natureza oportunista, especialmente do trato respiratério e de maior incidéncia em
pacientes internados em terapia intensiva, em uso de antibidticos, que apresentam co-
morbidades graves e ainda, em imunodeprimidos, sendo amplamente conhecida sua
capacidade de desenvolver resisténcia a diversas classes de agentes antimicrobianos (RIOU
et al., 2010). De forma similar, bactérias do género Staphylococcus podem provocar infeccbes
de natureza variada, sendo importantes agentes etiolégicos de doencas oportunistas em
humanos. Staphylococcus aureus, bactéria Gram-positiva, estd comumente relacionado a
infeccbes da pele e tecidos moles sem grandes complicacbes, mas também pode ser
responsavel por casos mais graves como pneumonia, meningite e sepse. Infeccbes provocadas
por este patdgeno apresentam taxas elevadas de morbidade e mortalidade (VERHOEFF et al.,
1999).

Também merece destaque, as infeccdes provocadas por Escherichia coli, um bacilo
Gram-negativo, frequentemente responsavel por doencas, como infec¢Ges do sistema urinario,
septicemia e meningite no periodo neonatal, estando ainda associada a doenca diarreica
principalmente, em criangas menores de cinco anos de idade, pela producdo de enterotoxinas
(BINGEN et al., 1998). Neste cenario, acredita-se que a pesquisa com extratos de plantas
pode ser promissora no sentido de ampliar o espectro terapéutico, sobretudo, diante da
problematica das infec¢des causadas por bactérias multirresistentes.

1.3.1 Agentes Antimicrobianos e Mecanismos de Resisténcia

Compreende-se por antimicrobianos, substancias capazes de inibir o crescimento e/ou
destruir microrganismos, podendo ser produzidos por bactérias ou fungos, ou ser ainda, total
ou parcialmente sintéticos, tendo como principal objetivo o tratamento ou a prevencdo de
infeccdes, com reducdo ou eliminacdo dos organismos patogénicos (BROOKS et al., 2012).

Além de apresentar toxicidade seletiva, caracterizada pelo fato de que a droga deve
causar prejuizos ao patégeno e ndo ao hospedeiro, os antimicrobianos podem atuar por uma
ou varias vias, apresentando diferentes mecanismos de agéo, tais como, a inibigcdo da sintese
da parede celular e da sintese proteica. No primeiro caso, encontram-se 0s betalactamicos,
inibidores seletivos da sintese da parede celular bacteriana. No segundo, tem-se como
exemplo os aminoglicosideos, que em um primeiro momento se ligam a uma proteina

receptora especifica localizada na subunidade 30S do ribossomo microbiano, em seguida
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blogueiam a atividade normal do ‘complexo de iniciagdo’ para a formacdo de peptideos. Em
sequéncia, a mensagem do mRNA ¢ lida equivocadamente, ocorrendo uma insercao incorreta
de um aminoacido no peptideo com consequente formacdo de uma proteina nao funcional. Na
etapa seguinte, a ligacdo do aminoglicosideo resulta em quebra do polissomos e sua separacdo
em monossomos incapazes de sintetizar proteinas. Estas atividades ocorrendo
simultaneamente podem desencadear como efeito global, a morte da bactéria (BROOKS
etal., 2012; GUIMARAES et al., 2010; SAVIC et al., 2008).

Outro mecanismo de acdo dos antimicrobianos é a inibicdo da sintese dos acidos
nucleicos, como no caso das quinolonas, que bloqueiam a sintese do DNA microbiano ao
inibirem a enzima DNA girase (BROOKS et al., 2012; DRLICA et al., 2008).

E valido mencionar que apesar dos avancos ocorridos na terapéutica microbiana, a
resisténcia bacteriana tem aumentado exponencialmente, constituindo um grande problema de
salde publica (ROSSI; ANDREAZII, 2005). De acordo com SARAIVA (2012), a
Organizacdo Mundial da Saude (OMS) tem reconhecido nas plantas e seus derivados, uma
ferramenta promissora para o tratamento de infec¢fes, dada a sua acdo de modificar o efeito
de drogas.

De maneira geral, 0s mecanismos pelos quais as bactérias adquirem resisténcia aos
antibidticos sdo: (i) alteracfes moleculares que interferem na ligacdo do antibiotico ao sitio de
atuacdo, como ocorre com antibidticos betalactamicos e quinolonas; (ii) inativacdo enzimatica
do antibiotico, a exemplo de aminoglicosideos e betalactamases que inativam penicilinas e
cefalosporinas, e ainda, (iii) modificacbes na barreira de permeabilidade bacteriana,
impedindo que o antibiotico alcance o alvo. Em um quarto mecanismo, as bactérias podem
ainda (iv) desenvolver um alvo estrutural alterado para o farmaco, uma via metabdlica
alterada que omite a reacdo inibida pelo fArmaco ou elaborar uma enzima alterada que ainda
tem a capacidade de desempenhar sua funcdo metabdlica, mas é bem menos afetada pelo
farmaco (BROOKS et al., 2012; GEORGOPAPADAKOU; LIU, 1980; NEVES et al., 2007;
SILVEIRA et al., 2006; SOUSA JUNIOR; FERREIRA; CONCEICAO, 2004).

Pode-se mencionar a resisténcia de P. aeruginosa a uma série de antibidticos
clinicamente usados, por mecanismos como a inativacdo de aminoglicosideos por agdo
enzimatica, a diminuicdo de permeabilidade de sua membrana externa e também
modificagdes no alvo de quinolonas (LEHMAN; THOMAS, 2007). A terapéutica
antimicrobiana para cepas multirresistentes de P. aeruginosa envolve o uso de antibioticos
carbapenémicos como o imipenem, geralmente reservado para infec¢bes mais graves, como as

hospitalares resistentes as demais classes de farmacos (RUPP; FEY, 2003).
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O imipenem possui efetiva atividade contra varios bastonetes Gram-negativos, Gram-
positivos e anaerdbicos, sendo resistente a betalactamases. No entanto, este antimicrobiano é
inativado pelas di-hidropeptidases no rim, razdo pela qual é administrado em associacao a
cilastatina, um inibidor da peptidase. Para infeccbes provocadas por P. aeruginosa, €
importante a administracdo concomitante deste farmaco com um aminoglicosideo, dada a
rapidez com que a resisténcia microbiana se estabelece. Neste aspecto, vale salientar, que a
gentamicina, um antibidtico pertencente a classe dos aminoglicosideos, tem sido empregada
para o tratamento de infec¢bes graves desencadeadas por bactérias Gram-negativas
multirresistentes (BROOKS et al., 2012).

1.3.2 Terapias Alternativas das Doencas Infeciosas: Modulacao dos Antibidticos

Vérias vantagens tém sido apontadas na utilizacdo de derivados de plantas como
antimicrobianos, podendo ser citadas a menor incidéncia de efeitos colaterais, menor custo,
maior nivel de tolerancia e aceitacdo pelos usuarios (PAREKH; CHANDA, 2007), tendo sido
este potencial terapéutico amplamente pesquisado (BARRETO et al., 2014; COUTINHO
et al., 2010).

A avaliacdo sobre o efeito antimicrobiano de extratos de plantas pode ser realizada
através da determinacdo da Concentracdo Inibitéria Minima (CIM) pelo método de
microdiluicdo em placa. Entende-se por CIM, a menor concentragdo de uma substancia na
qual ndo ocorre crescimento microbiano (JAVADEPOUR et al., 1998). A literatura considera
atividade antimicrobiana clinicamente relevante, quando os valores de CIM sé&o inferiores a
256 pg/mL (HOUGHTON et al., 2007).

Ressalta-se que extratos de plantas podem inibir o crescimento microbiano por
diversas formas, habilidade que pode estar associada a natureza hidrofobica de seus
componentes, 0s quais podem interagir com a bicamada lipidica da membrana celular e alterar
a cadeia respiratoria e a producdo de energia, ou aumentar a permeabilidade celular aos
antibioticos levando a interrupcdo da atividade celular, sendo a interferéncia no sistema
enzimatico um outro mecanismo de acdo. Estes mecanismos podem ocorrer através da
combinacdo de extratos de plantas em concentracdes denominadas de sub-inibitdrias
(COUTINHO et al., 2008; 2009; NICOLSON; EVANS; O’TOOLE, 1999).
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No que concerne a pesquisa com extratos de diversas plantas, a literatura relata efeito
antimicrobiano contra bactérias Gram-negativas e Gram-positivas (KUETE et al., 2010).
Particularmente para cepas Gram-negativas, as quais possuem uma estrutura da parede celular
mais complexa, a modulacdo sinérgica com produtos naturais se torna ainda mais importante
como forma de destruicdo microbiana (GUIMARAES; MOMESSO; PUPO, 2010). Assim,
ndo somente a investigacdo sobre a acdo antimicrobiana direta de plantas, mas a avaliacdo do
potencial destas em modular a acdo de antibidticos tem sido ressaltada. Vale referir que
compostos como fendis tém sido apontados como responsaveis por esta atividade, uma vez
que possuem a capacidade de interagir com 0s constituintes quimicos presentes nas
membranas (NICOLSON; EVANS; O’TOOLE,1999; MENDES et al., 2011).

A partir do exposto, torna-se relevante a pesquisa de novos agentes antimicrobianos,
0S quais possam constituir em alternativas terapéuticas especialmente, em face da resisténcia
microbiana as drogas geralmente utilizadas, acreditando-se que a busca por antimicrobianos
derivados de espécies vegetais representa uma modalidade vidvel e inovadora.

1.4 Justificativa

Vaérios estudos correlacionam o estresse oxidativo a diversas patologias humanas. A
capacidade que as espécies reativas de oxigénio e de nitrogénio possuem de causar danos a
biomoléculas, como proteinas, lipideos e DNA é bem enfatizada na literatura e tem
contribuido para o desenvolvimento de pesquisas que visem explorar esta relacdo para a
descoberta de novas substancias com potencial antioxidante. Vale referir que o status
oxidativo celular pode tornar o organismo mais vulnerdvel ao surgimento de doengas,
inclusive em decorréncia de um processo inflamatério exacerbado e consequente, liberagédo de
espécies reativas.

E importante enfatizar que o tratamento com agentes antimicrobianos pode sofrer
alteracOes e ter sua resposta diminuida em situacdes oxidativas. Some-se a este fato, os
diversos mecanismos de resisténcia microbiana, tornando-se um desafio a utilizacdo de
farmacos mais efetivos, por apresentar melhor resposta, com menos efeitos colaterais e boa
aceitacdo entre os usudarios. Assim, produtos derivados de plantas despertam o interesse de
pesquisadores na perspectiva de novas terapéuticas a partir da indicacdo de uso

etnofarmacoldgico. Deste modo, o potencial antioxidante de extratos vegetais tem sido alvo
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de pesquisas, considerando a capacidade que agentes antioxidantes detém de modificar o
estado de doenca e diminuir e/ou evitar o dano provocado pelo estresse oxidativo.
Considerando que o Anacardium microcarpum tem sido utilizado na medicina popular
para tratamento de doencas de carater inflamatorio e infeccioso, dentre outras, torna-se
relevante a realizacdo de estudos em torno de seus possiveis efeitos antioxidante e

antimicrobiano, bem como de possivel toxicidade.



2 OBJETIVOS

2.1 Objetivo geral

Avaliar in vitro as atividades antioxidante, citotoxica e o efeito antibacteriano e
modulador de drogas antibacterianas, do extrato etandlico e das fracdes acetato de etila e

metanolica, das cascas do Anacardium microcarpum.

2.2 Objetivos especificos

- Realizar a caracterizacdo fitoquimica dos constituintes quimicos presentes no

extrato e diferentes fraces do A. microcarpum;

—-> Avaliar a atividade antioxidante in vitro do extrato etandlico e das frac6es, acetato
de etila e metanolica do A. microcarpum pelo ensaio do radical 1,1-difenil, 2-
picrilidrazila (DPPH);

-> Avaliar a atividade antioxidante do extrato etandlico e das fracdes, acetato de etila
e metandlica do A. microcarpum sobre a peroxidacdo lipidica induzida por ferro
em homogeneizado de cérebro e figado de ratos;

- Avaliar as possiveis alteracbes do extrato etanolico e das fragdes do A.

microcarpum na viabilidade celular em leucocitos humanos (citotoxidade);

- Determinar a influéncia do extrato etanolico e das fragdes do A. microcarpum na

fragilidade osmotica em eritrocitos humanos;

- Auvaliar a atividade antibacteriana e moduladora de drogas antibacterianas de uso
clinico, do extrato etanodlico e das fracbes do A. microcarpum em diferentes
linhagens bacterianas (Escherichia coli, Staphyloccocus aureus e Pseudomonas

aeruginosa).



3 RESULTADOS

Os resultados que compdem esta tese estdo apresentados na forma de um artigo e
um manuscrito, sendo que os itens: Materiais e Métodos, Resultados, Discussao e
Referéncias se encontram estruturados de acordo com as normas das respectivas revistas

nas quais 0s mesmos estdo publicados ou submetidos.
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ARTICLE INFO ABSTRACT
Article history: Anacardium microcarpum is consumed as infusion in the Brazilian folk medicine for the treatment of
Received 15 November 2013 various diseases in which free radicals assaults have been implicated in their etiology. However, there is
Received in revised form 21 January 2014 noscientific reporton this traditional claim. Thus, we investigated for the first time, its antioxidant activity
Accepted 16 February 2014 as well as its potential toxic effects on human leukocytes and erythrocytes in vitro. In addition, qualitative
and quantitative analyses of the classes of phytochemicals in the various fractions from A. microcarpum
Keywords: were carried out by HPLC-DAD. The results demonstrated that ICso (for DPPH radical scavenging) varied
Anacardium microcarpum from 27.88 + 1.60 (AcOEt fraction) to 32.86 +3.05 pg/mL (EtOH fraction), and all the fractions strongly
Caju inhibited Fe2* (10 wM)-induced lipid peroxidation in rat brain and liver homogenates. All the fractions

Oxidative stress A + . i
HPLC-DAD were not cytotoxic to leukocytes and were able to prevent against 2mM H;0,-induced cytotoxicity.

Antioxidant Moreover, the fractions did not have any effect on human erythrocytes osmotic fragility, suggesting
TBARS that A. microcarpum infusion can be consumed safely. Preliminary phytochemical analysis exhibited the
presence of phenolics and flavonoids compounds as major phytochemical groups. Taking together, our
results indicate that the popular use of A. microcarpum for preventive or therapeutic agents in pathologies

where cell oxidative stress is implicated has a scientific basis.
© 2014 Elsevier B.V. All rights reserved.

1. Introduction various plants traditionally used in folk medicine to treat diseases

(Lantto et al., 2009; Oke and Aslim, 2010; Kuete ef al., 2011: Awah

The growing interest in plant-derived extracts, instead of pure etal., 2012; Kamdem et al., 2013). This is due to the fact that their

compounds have generated considerable interest of researchers health-promoting effects might involve several active compounds

in finding information on the biological activities and toxicity of in the extracted material, and that they are generally regarded as
safe (Dastmalchi et al., 2007; Lantto et al., 2009).

The genus Anacardium is represented by eleven (11) species in

which Anacardium occidentale is widely known due to its nutritional

* Corresponding author at: Departamento de Quimica, Programa de Pos- and economic values. A. microcarpum (family: Anacardiaceae)
Grac'luagéo em Bioquimica 'Toxicolégica. Universidade Federal de Santa Maria, Santa known as Caju, is one of the plant species of this genus. The plantis
'fff'E‘l’r'gsi::ﬁ;‘gg(ﬁ:ﬁrz”' TelrFansoapaaaitl: native from Brazil, especially in the Northeastern region. Its fruits
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(J.P, Kamdem), thaisposser@hotmail.com (T. Posser). minerals (calcium, iron and phosphorous). Anacardic acid which is
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used in the chemical industry for the production of cardanol (used
for resins, coatings and frictional materials), has been reported to
be the main component of both A. occidentale and A. microcarpum
(Agostini-Costa et al., 2004: Alexander, 2008; Tedong et al., 2010).
The infusions of A. microcarpum barks is used in Brazilian folk
medicine as a tonic for the treatment of inflammation, rheumatism,
tumor and infectious diseases, in which free radicals and/or reactive
oxygen/nitrogen species (ROS/RNS) assaults have been implicated
in their etiology.

Substantial evidences from the literature indicate that free
radicals and/or ROS/RNS may cause cell and tissue damage by
interacting with cell membranes and organelles. For instance, by-
products of lipid peroxidation have been shown to cause profound
alterations in the structural organization and functions of the cell
membrane such as loss of membrane fluidity, loss of essential
fatty acid, increased permeability to ions, leading to the release
of cell and organelle contents (Van Ginkel and Sevanian, 1994;
Gutteridge, 1995; Petrescu et al., 2001). Therefore, the potential
of plant extracts or natural antioxidants that may help the organ-
ism to modify the oxidative status in disease conditions is of utmost
importance.

In spite of the beneficial effects of plant extracts, exposure to
phytotherapeutic agents however, can represent a serious public
health problem (Secco, 1990; De Moraes et al., 2006) since sev-
eral of them can be toxic to cells (ex. leukocytes and erythrocytes)
(Bent and Ko, 2004; Shi et al., 2008). They can exert their toxicity
by promoting excessive fluidity or denaturation of the membranes
(Penha-Silva etal., 2007; De Freitas et al., 2008). Some authors have
attempted to screen the potential toxic and beneficial effects of
plants extracts (Yen et al., 2001; Ajaiyeoba et al., 2006; Oke and
Aslim, 2010; Kuete et al., 2011; Awah et al., 2012; Kamdem et al.,
2013) using several cell types. As part of our interest in the efficacy
and safety of A. microcarpum, we evaluated its antioxidant activity
and potential toxicity in human leukocytes and erythrocytes.

Based on the aforementioned information and considering that
there is no scientific basis in the literature on the use of A. micro-
carpum in the management of free radicals related diseases as
well as its potential toxic effect to human, the present study was
designed to investigate for the first time: (i) the antioxidant activity
of different fractions from A. microcarpum barks using two in vitro
biochemical assays; (ii) the cytotoxicity of fractions from A. micro-
carpum in human leukocytes using the Trypan blue assay; (iii)
the influence of different fractions from A. microcarpum on the
osmotic fragility of human erythrocytes. In addition, the chemical
characterization of the fractions was performed using high per-
formance liquid chromatography coupled to diode-array detector
(HPLC-DAD).

2. Materials and methods
2.1. Chemicals

All chemicals used including solvents were of analytical
grade. Methanol, acetic acid, gallic acid, caffeic acid, ellagic acid
and chlorogenic acid were purchased from Merck (Darmstadt,
Germany). Quercetin, rutin, isoquercitrin, quercitrin, kaempferol,
catechin and epicatechin were acquired from Sigma Chemical
Co. (St. Louis, MO, USA). 1,1-diphenyl-2-picrylhydrazyl (DPPH),
ascorbic acid, malonaldehydebis-(dimethyl acetal) (MDA), thiobar-
bituric acid (TBA), sodium azide and hydrogen peroxide (H0;)
were purchased from Sigma Chemical Co. (St. Louis, MO, USA).

2.2. Plant collection and extractions

The stem barks of A. microcarpum were collected from Barrero
Grande, Crato-Ceara (7°22'S; 39°28' W; 892 m sea level), Brazil, in
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November 2011. The plant material was identified by Dr. Maria
Arlene Pessoa da Silva of the herbarium Caririense Dardano de
Andrade - Lima (HCDAL) of the Regional Universi ty of Cariri (URCA)
and a voucher specimen was deposited (number 6702).

The fresh barks of A. microcarpum were macerated with 99.9%
of ethanol and water (1:1, v/v) for 3 days. The suspension was fil-
tered, solvent evaporated under reduced pressure and lyophilized
to obtain 490 g of ethanolic extract (EtOH fraction). One hundred
and fifty grams (150g) of this was partitioned with ethyl acetate
and methanol to obtain 12.5 g of ethyl acetate fraction (AcOEt frac-
tion) and 105.23 g of methanolic fraction (MeOH fraction). All the
fractions were stored in the freezer and re-suspended in water prior
to experiments.

2.3. Identification and quantification of phenolic and flavonoid
compounds by HPLC-DAD

Reversed phase chromatographic analyses were carried out
under gradient conditions using Cyg column (4.6 mm x 150 mm)
packed with 5 um diameter particles; the mobile phase was made
up of water containing 2% acetic acid (A) and methanol (B), and
the composition gradient was: 5% of B for 2min and changed
to obtain 25%, 40%, 50%, 60%, 70% and 100% B at 10, 20, 30, 40,
50 and 80 min, respectively, following the method described by
Boligon et al. (2013) with slight modifications. A. microcarpum
(MeOH fraction, EtOH fraction and AcOEt fraction) were analyzed
at a concentration of 15mg/mL. The presence of twelve com-
pounds namely, gallic acid, caffeic acid, chlorogenic acid, ellagic
acid, catechin, epicatechin, quercetin, isoquercitrin, quercitrin,
rutin, kaempferol, and kaempferol glycoside were investigated.
Identification of these compounds was performed by compar-
ing their retention time and UV absorption spectra with those of
the commercial standards. The flow rate was 0.7 ml/min, injec-
tion volume of 50 L and the wavelengths were 257 nm for gallic
acid, 280 nm catechin and epicatechin, 327 nm for caffeic, ellagic
and chlorogenic acids, and 365nm for quercetin, isoquercitrin,
quercitrin, kaempferol, kaempferol glycoside and rutin. The sam-
ples and mobile phase were filtered through 0.45 pm membrane
filter (millipore) and then degassed by ultrasonic bath prior to use.
Stock solutions of standards references were prepared in the HPLC
mobile phase at a concentration range of 0.030-0.400 mg/mL for
quercetin, quercitrin, isoquercitrin, rutin, epicatechin, catechin and
kaempferol; and 0.050-0.350 mg/mL for gallic, chlorogenic, caffeic
and ellagic acids. The chromatography peaks were confirmed by
comparing retention time with those of reference standards and by
DAD spectra (200-500 nm). All chromatography operations were
carried out at ambient temperature and in triplicates. The limit of
detection (LOD) and limit of quantification (LOQ) were calculated
based on the standard deviations of the responses and the slopes
using three independent analytical curves, as defined by Sabir et al
(2013).LOD and LOQ were calculated as 3.3 and 10 a/S, respectively,
where o is the standard deviation of the response and S is the slope
of the calibration curve.

2.4. DPPH radical scavenging assay

Scavenging activity on DPPH free radicals by the fractions was
assessed according to the method described by Kamdem et al.
(2013). Twenty microliters of the fractions (1-400 pg/mL) was
mixed with 100 pL of 0.3 mM DPPH in ethanol. The mixture was
allowed to stand at room temperature for 30 min in the dark. Blank
solutions were prepared with each test sample (20 L) and 100 p.L
of water. The negative control was 100 p.L of 0.3 mM DPPH with
20 p.L of water, while ascorbic acid (1-50 p.g/mL) was used as posi-
tive control. The absorbance was measured at 518 nm against each
blank using ELISA microplate reader (SpectraMax, USA) and the
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Fig. 1. High performance liquid chromatography elution profiles of (a) methanolic, (b) ethanolic and (c) ethyl acetate fractions of A. microcarpum. Gallic acid (peak 1), catechin
(peak 2), chlorogenic acid (peak 3), caffeic acid (peak 4), ellagic acid (peak 5), epicatechin (peak 6), rutin (peak 7), isoquercitrin (peak 8), quercitrin (peak 9), quercetin (peak

10), kaemnpferol (peak 11) and kaempferol glycoside (peak 12).

inhibition of free radical, DPPH, in percent was calculated using the
formula:

Abssample e Absblank

x 100
AbScontrol

%inhibition = 100 —

The ICsq value, defined as the concentration of the sample pro-
viding 50% reduction in initial DPPH concentration, was calculated
from the graph plotting inhibition percentage against sample con-
centration.

2.5. Lipid peroxidation assay in the brain and liver

Rats were decapitated; whole brain and liver were dissected,
placed on ice and weighed. Tissues were immediately homoge-
nized in cold 10mM Tris—=HCl, pH 7.4 (1:10, w/v for liver and 1:5,
w/v for brain). The homogenates were centrifuged for 10 min at
3600 x g to yield a pellet which was discarded, and a low-speed
supernatant (S1) was used for the thiobarbituric acid reactive sub-
stances (TBARS) assay. Aliquots of the brain or liver homogenates
(20 L), and 10 wM of FeSO4 were incubated for 1h at 37°Cin the
presence or absence of the fractions (1-400 g/mL), to induce lipid
peroxidation. Thereafter, 40 L of sodium dodecyl! sulfate (8.1%),
100 p.L of acetic acid/HCI (pH 3.4) and 100 p.L of 0.6% thiobarbituric
acid (TBA) were subsequently added to the reaction mixture and
incubated at 100°C for 1 h. After cooling, samples were centrifuged
for 2 min at 6000 rpm and the absorbance of supernatant was mea-
sured at 532 nm using an ELISA plate reader (SpectraMax, USA).
Standard curve of malondialdehyde (MDA) was used to quantify
TBARS production in brain and liver homogenates (Ohlkawa et al,,
1979).

2.6. Collection of human blood samples

2.6.1. Preparation of human leukocytes

Heparinized venous blood was obtained from healthy volun-
teer donors from the hospital of Federal University of Santa Maria
(UFSM), Santa Maria, RS, Brazil (age 25+ 10). This work was car-
ried out in accordance with the Guidelines of the Ethical Committee
of UFSM and approved by the institutional review board of UFSM
(0089.0.243.000-07).

Differential erythrocyte sedimentation with dextran was used
to separate leukocytes of the blood as previously described
(Kamdem et al., 2013). Two milliliters of dextran 5% was added to
8 mL of blood sample, mixed and allowed to stand at room temper-
ature for 45 min. Subsequently, the supernatant was centrifuged
(2000 rpm, 10min) and the pellet was washed with a solution of
erythrocyte lysis (NH4Cl, 150 mM; NaHCO3, 10 mM and disodium
EDTA, 1 mM, pH 7.4), homogenized and left for 5 min. Then, the tube
was centrifuged (2000 rpm, 2 min) and the pellet was washed again
with lysis solution. The pellet was suspended in 2mL Hank's buffer
solution saline (HBSS) containing in mM: 5.4 KCI, 0.3 NayHPOy,
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tion (C)on Fe?* (10 wM)-induced lipid peroxidationin rat brain homogenates. Values
are the means of n=3 independent experiments performed in duplicate +SEM,
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Table 1
Phenalics and flavonoids composition of A. microcarpum fractions.

Compounds MeOH fraction (mg/g) EtOH fraction (mg/g) AcOEt fraction (mg/g) LOD (pg/mL) LOQ (p.g/mL)

a. Gallic acid 7.13 £0.01 14.53 & 0.02 21.32 £ 0.04 0.026 0.085

b. Chlorogenic acid - 5.83 £ 0.03 10.57 + 0.03 0.009 0.030

c. Caffeic acid 13.57 + 0.05 19.36 + 0.02 27.19 + 0.03 0.031 0.102

d. Ellagic acid 13.19 + 0.01 15.12 &+ 0.01 25.61 £ 0.05 0.018 0.059

e, Catechin 3.05 + 0.04 3.79 +0.01 6.24 + 0.02 0.015 0.049

f. Epicatechin 3.11 + 0.01 4.53 + 0.01 9.35 + 0.01 0.013 0.041

g. Rutin 9.86 + 0.03 3.81+£0.03 7.03 £ 0.01 0.045 0.148

h. Isoquercitrin 15.79 4 0.03 14.25 + 0.01 25.98 + 0.02 0.027 0.089

i. Quercitrin 13.20 & 0.02 7.49 £ 0.02 20.64 + 0.02 0.032 0.105

Jj. Quercetin 18.16 + 0.01 28.03 + 0.04 27.02 +0.01 0.019 0.062

k. Kaempferol 9.93 £ 0.02 3.54 + 0.01 11.25 £ 0.02 0.008 0.027

|. Kaempferol glycoside 3.15 + 0.04 9.06 + 0.03 3.47 +0.01 - =

* Quantified as kaempferol. Results are expressed as mean £ S.E. of three determinations. LOD =limit of detection; LOD =limit of quantification. The phytochemicals a-d

represent phenolics compounds while, eI are flavonoids compounds.

0.4 KH,PO4, 4.2 NaHCO3, 1.3 CaCly, 0.5 MgCly, 0.6 MgS04, 137
NaCl and 10 p-glucose, 10 Tris—HCl, pH 7.4; and adjusted to 2 x 108
leukocytes/mL with HBSS buffer.

2.6.2. Preparation of human erythrocytes

Ten milliliters of blood was collected into heparinized tubes
from healthy volunteers. The erythrocytes were separated by
centrifuging the blood sample at 2000 rpm for 5 min at room tem-
perature. The plasma was discarded and the cell pellet was washed
three times with phosphate buffered saline (6.1 mM and pH 7.4,
containing 150 mM NaCl).

2.7. Cytotoxicity assay in human leukocytes

The toxic effect of fractions from A. microcarpum bark extract
toward leukocytes was determined by the method described by
Mischell and Shiingi (1980). Briefly, 2.5 uL of different concen-
trations of fractions (1-400 p.g/mL) was added to cell suspension
(497.5 L) and incubated in the presence or absence of hydrogen
peroxide (2mM)+azide (1mM), for 3h at 37°C in a water bath.
Hydrogen peroxide (2mM)-+azide (1mM) was used as positive
control, while distilled water was used as negative control. After
the incubation, a volume of 50 L of cells suspension was mixed
with 50 juL of 0.4% Trypan blue solution and left for 5min. The
cell viability was determined microscopically (400x magnification)
using a hemocytometer and was calculated as the number of living
cells (i.e., those not stained with Trypan blue) divided by the total
number of cells multiplied by 100.

2.8. Osmotic fragility measurement of human erythrocytes

The osmotic fragility of red blood cells was determined by
using a modified method of Godal and Heisto (1981 ). Five hundred
microliters of erythrocyte, 100 pL of each fraction (1-400 p.g/mL)
prepared in 1% PBS, pH 7.4, and 900 L of phosphate buffer
saline (6.1 mM and pH 7.4, containing 150 mM NacCl), pH 7.4 were
pre-incubated for 3h at 37°C. After incubation, the sample was
mixed, centrifuged (2500 rpm for 10 min) and the supernatant was
discarded. The erythrocytes were washed twice with phosphate
buffered saline (6.1 mM and pH 7.4, containing 150mM NacCl),
pH 7.4, centrifuged at 2500 rpm for 2min and the supernatant
discarded. Two duplicate sets of assay tubes containing 1.5mL
of 0-0.9% (w/v) NaCl solution in distilled water were incubated
with 7.5 pL of treated or untreated erythrocytes for 20 min. Then,
the sample was homogenized and centrifuged at 2000rpm for
5min. The lysis of erythrocytes was followed by measuring the
absorbance of hemoglobin content in the supernatants at 540 nm
using microplate reader (SpectraMax, USA). A value of 100% lysis
was assigned to the supernatant of the tube with erythrocytes and

distilled water. The percentage of hemolysis or osmotic fragility in
each assay tube was calculated using the equation:

Osmotic fragility (%) = Ai x 100
1

where A represents the absorbance of treated erythrocytes and Ay,
the absorbance of untreated erythrocytes (control).

2.9. Statistical analysis

The results are shown as means+SEM of three independent
experiments performed in duplicate. Statistical significance was
measured by one-way (DPPH, TBARS, Cytotoxicity) or two-way
(osmotic fragility) analysis of variance (ANOVA), followed by Ben-
ferroni post-test when appropriated. Differences between groups
were considered to be significant when p <0.05.

3. Results

3.1. HPLC characterization of fractions from A. microcarpum and
content of antioxidant compounds

The HPLC profile of methanolic (MeOH), ethanolic (EtOH),
and ethyl acetate (AcOEt) fractions of the barks of A. micro-
carpum is depicted in Fig. 1A-C. Chlorogenic acid (retention
time-tg =21.86 min, peak 3) appeared to be absent in MeOH frac-
tion (Fig. 1A) and present in EtOH and AcOEt fractions (Fig. 1B
and C). However, the chromatograms of all the fractions revealed
the presence of gallic acid (tg=12.35min, peak 1), catechin
(tr =15.97 min, peak 2), caffeic acid (tg =25.03 min, peak 4), ellagic
acid (tr =29.78 min, peak 5), epicatechin (g =35.11 min, peak G),
rutin (tg =40.51 min, peak 7), isoquercitrin (tg =44.27 min, peak 8),
quercitrin (tg =42.93 min, peak 9), quercetin (tg =52.16 min, peak
10), kaempferol (tg =56.27 min, peak 11) and kaempferol glycoside
(tr =61.94 min, peak 12). They were identified by comparisons with
the retention times and UV spectra of the standards analyzed under
similar analytical conditions.

The contents of these compounds in each fraction indicate that
quercetin (18.16 4+0.01 mg/g) and isoquercetin (15.79 + 0.03 mg/g)
were the major components present in MeOH fraction, while
catechin (3.05+0.04mg/g) and epicatechin (3.11+0.01 mg/g)
were the less abundant. Caffeic acid and quercetin were the
major components in EtOH and AcOEt fractions with respec-
tively (19.36 +0.02 mg/g) and (28.03 £ 0.04 mg/g) for EtOH fraction
and (27.19+0.03mg/g) and (27.02+0.01 mg/g) for AcOEt frac-
tion. Kaempferol (3.54 4+ 0.01 mg/g) and catechin(3.79 +0.01 mg/g)
appeared to be the minor component in EtOH fraction,
while kaempferol glycoside (3.47+0.01mg/g) and catechin
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(6.24 + 0.02 mg/g) were the minor components in AcOEt fraction
(Table 1).

3.2. Scavenging effect of A. microcarpum fractions on DPPH
radicals

The radical scavenging abilities of the fractions and ascorbic
acid at different concentrations were tested against the scavenging
of DPPH radicals (Table 2). All the fractions showed signifi-
cant concentration-dependent DPPH radical scavenging capacity.
Among them, AcOEt fraction was most efficient, with the lowest
ICso value (27.88 + 1.6 pg/mL), which was three times higher than
that of ascorbic acid used as reference. The inhibitory potency was
in the following order: AcOEt > MeOH fraction~ EtOH (Table 2).

3.3. TBARS assay

3.3.1. Effect of A. microcarpum fractions on Fe?*-induced lipid
peroxidation in the rat brain

Fig. 2A-C shows the inhibition of lipid peroxidation (LPO)
assessed by the amount of MDA produced. All the fractions did not
have any effect on basal lipid peroxidation when compared with the
basal or control (p>0.05). Fe2* (10 wM) caused significant increase
inlipid peroxidation (p <0.001, Fig. 2A-C) inrat brain homogenates,
which was significantly reduced (p <0.05) by the treatment with
EtOH fraction (Fig. 2A), AcOEt fraction (Fig. 2B) and MeOH frac-
tion (Fig. 2C). Additionally, AcOEt fraction was most efficient in
inhibiting Fe2*-induced LPO. The maximum reduction was attained
at 40 p.g/mL for EtOH fraction (Fig. 2A) and 10 pg/mL for AcOEt
fraction (Fig. 2B).

3.3.2. Effect of A. microcarpum fractions on Fe?*-induced lipid
peroxidation in the rat liver

As expected, Fe2* (10 M) caused significant (p<0.05) LPO
in rat liver homogenates which was evidenced by the TBARS
formation in comparison with the basal (Fig. 3A-C). However, treat-
ment with EtOH fraction (10-400 pg/mL) (Fig. 3A), AcOEt fraction
(1-400 pg/mL)(Fig. 3B)and MeOH fraction (1-400 p.g/mL)(Fig. 3C)
were effective in protecting against LPO induced by Fe?*. It should
be stressed that AcOEt fraction (Fig. 3B) and MeOH fraction (Fig. 3C)
showed higher antioxidant activity by reducing LPO at the low-
est tested concentration (1 wg/mL). Under basal condition, none
of the fractions significantly changed the TBARS formation when
compared with the basal (Fiz. 3A-C).

3.4. Cytotoxicity effect of A. microcarpum fractions on human
leukocytes

The toxicity of fractions from A. microcarpum was investi-
gated on human leukocytes. The results shown in Fig. 4 indicate
that EtOH fraction (Fig. 4A), AcOEt fraction (Fig. 4C) and MeOH
fraction (Fig. 4E) exhibited no toxic effect on leukocytes at the con-
centrations tested (1-400 pg/mL) when compared to the control
(p>0.05). The cell viability using trypan blue staining was gener-
ally greater than 90% at all the concentrations tested, confirming
the absence of cytotoxity. Cytotoxicity was induced with Hp0p
(2mM) and Azide (1 mM), and the protective effect of the plant
extract was investigated. As expected, exposure of leukocytes to
H,05 (2mM) and Azide (1 mM) for 3 h caused significant toxicity
to cells, as shown by decrease in cell viability (approximately 40%)
when compared to the control (p<0.05, Fig. 4B, D and F). However,
this effect was significantly attenuated by co-treatment with EtOH
fraction (10-400 pg/mL) (Fig. 4B), AcOEt fraction (40-400 pg/mL)
(Fig. 4D) and MeOH fraction (400 pg/mL) (Fig. 4F) when compared
with H,0, (2 mM)+Azide (1 mM) alone (p <0.05).
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Fig. 3. The inhibitory effect of A. microcarpum ELOH fraction (A), AcOEt fraction
(B) and MeOH fraction (C) on Fe?* (10 uM)-induced lipid peroxidation in rat liver
homogenates. Values are the means of n=3 independent experiments performed in
duplicate + SEM. ‘p <0.05 vs. basal, " p<0.05 vs. Fe?'.

3.5. Osmotic fragility

Fig. 5 shows the osmotic hemolysis of human erythrocytes from
both control (untreated) and treated erythrocytes with different
concentrations of fractions from A. microcarpum (1-400 pg/mL) at
different salt concentrations (0-0.9%). The results indicated that no
significant differences were observed between the treated erythro-
cytes osmotic fragility with EtOH fraction (Fig. 5A), AcOEt fraction
(Fig. 5B), MeOH fraction (Fig. 5C) and their control groups (p > 0.05).

4. Discussion

Scientific and safety data to support the ethnopharmacological
claims on the use of A. microcarpum in the Brazilian folk medicine
are inexistent. In this context, the present study aimed to inves-
tigate the efficacy and safety of this plant, on the basis of its
antioxidant activity and toxicity using human leukocytes and ery-
throcytes models.
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Tabte 2
Percent inhibition of DPPH by different concentrations of A, microcarpum fractions.

DPPH inbibition (%)

Concentration {pgfml} Reference (ascorbic acid) EtOH fracrian

AcOEL fraction

MeOH fraction

1 8.07 & 3.67 576 £ 0.23 741 £ 1.32 517 + 1.96
10 59,78 4 6.95 17.29 1 24 28.89 + 450 2391380
30 808 £ 6.73 - - -

40 - 60.86 & 8.27 7173 + 191 6091 = 2.63

50 96.32 + 5.65 - - -

00 - 5065 = 1.52 8242 £ 0,16 8130 = 0.91

1Can {ugimL) 8.36 + 6.63° 32.B6 + 3.05¢ 2788 + 1.60° 32.83 1 4306

Results are expressed as mean £ SEM (7= 3). Means with different letters are significantly different from each pther.
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various concentrations of salt solution (0-0.9%) and incubated for 20 min. Absorbances of the supernatants were measured at 540 nm. Hemolysis in each tube was expressed
as percentage of the absorbance in distilled water (control). The bars represent the means of n=3 independent experiments performed in duplicate + SEM.

Antioxidants from natural and synthetic origins are being
extensively studied because of their potential prophylactic as
well as therapeutic capacity (Neergheen er al., 2010: Giles er al
2012; Zadra er al., 2012; Nagendrappa et al.. 2013; Kolodziejczyk
et al., 2013). The radical-quenching abilities of the fractions from
A. microcarpum were tested by the DPPH method. Our results
showed significant concentration-dependent DPPH radical scav-
enging capacity (Table 2), indicating the ability of these fractions
to transfer either electrons or hydrogen atoms to DPPH radi-
cal (Naik et al., 2002), thereby changing the purple color to the
yellow-colored diphenylpicrylhydrazine (non radical). This inter-
action depends on the structural conformation of the bioactive
compounds present in these fractions (Table 1), among which
the hydroxyl groups of phenolics and flavonoids are highly favor-
able (El-Sayed, 2009). Although AcOEt fraction exhibited strongest
DPPH radical scavenging ability (1Cso =27.88 £ 1.60 j.g/mL) in com-
parison with other fractions, it was less effective than that of
ascorbic acid (1Csp=8.36+6.63 jng/mL) used as standard antioxi-
dant. Nevertheless, it is comparable with butylate hydroxytoluene

(BHT) (ICsp=23.1+1.4 ug/mL) used as standard antioxidant in
related studies using the same assay system (Olke and Aslim, 2010).

In biological system, lipid peroxidation generates a number of
degradation products such as malondialdehyde (MDA), which is
widely used as a marker of oxidative stress (Yoshikawa eral., 1997;
Michel et al., 2008). In this study, MDA was used as an index of
the levels of LPO. The observed significant increases in the TBARS
formation induced by Fe?* in the brain and liver homogenates
imply possible damage to these tissues. Interestingly, all the frac-
tions have demonstrated antioxidant activity against Fe2*-induced
LPO in rat brain and liver homogenates. LPO is a complex pro-
cess involving the interaction of oxygen-derived free radicals with
polyunsaturated fatty acids, occurring through free radical chain
reaction (Reed. 2011; Nowak, 2013). The ability of these fractions
to inhibit LPO may be due to their high polyphenolic content
as observed in this study. Polyphenols are potent antioxidants,
capable of chelating transition metals ions, which may induce
Fenton-type oxidation reactions in their free states (Rice-Evans
etal.,1996; Moranetal.,, 1997; Karaman etal., 2010). Consequently,
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a plausible mechanism by which these fractions conferred protec-
tive action against FeZ*-induced LPO was through direct interaction
with Fe2* or its oxidized form. They may also assist in scavenging
free radicals, thereby, preventing free radical chain reactions.

Toxicological assays of plant extracts are part of the proce-
dures that contribute to standardization of phytopharmaceuticals
(Machado et al., 2005; Choodhary and Sekhon, 2011; Arun et al.,
2012; Anantha, 2013).Inthe current study, the fractions of A. micro-
carpum were evaluated on human leukocytes and erythrocytes in
order to examine their cytotoxicity effects. The results showed
that none of the fractions was cytotoxic to human leukocytes
at the concentrations tested. This observation strongly suggests
that A. microcarpum infusions will possibly not result in any
cytotoxic effect on the users. In addition, we observed potential
ability of these fractions to counteract the cytotoxicity induced
by H;0;/sodium azide system. The reason for using this system is
based on the fact that high activity of catalase in leukocytes has been
reported to protect against H,O,-mediated LPO (Chow, 1988). Our
objective was to inhibit catalase activity and to detect the poten-
tial protective effect of these fractions on the damage caused by
H,05. Hy0;/sodium azide system caused significant decrease in
cell viability, which was significantly attenuated by EtOH, AcOEt
and MeOH fractions. The protective effect offered by these fractions
mightbe linked to their ability to counteract H, O cytotoxicity, thus
confirming the antioxidant activity observed in DPPH and TBARS
results.

Osmotic fragility has been found to be altered in various patho-
logical conditions including anemia and cancer (Kolanjiappan et al.,
2002; Chen et al., 2007). Hemolytic activity or osmotic fragility is
a good indicator of the effect of various in vitro insults levied on it
by various compounds or plant extracts for the screening of cyto-
toxicity since it provides primary information on the interaction
between molecules and biological entities at cellular level. In this
study, we have also used human erythrocytes to further investigate
the toxic effect of A. microcarpum. The osmotic fragility showed that
treatment of human erythrocytes with the fractions did not cause
any significant alteration in osmotic fragility when compared with
the control. According to Oteiza (1994), the interaction of chemicals
with erythrocytes membrane component could stimulate changes
in lipid distribution, leading to rigidity changes of the membrane.
Consequently, the absence of effect on osmotic fragility observed
here, may suggest that there was no interaction of phytochemicals
from this plant with cell membrane. This hypothesis is in agree-
ment with our results showing that all the fractions did not have
any toxic effect to human leukocytes.

5. Conclusion

The results presented herein provide evidences that different
fractions from A. microcarpum possess significant antioxidant activ-
ities by inhibiting the DPPH radical, and lipid peroxidation in rat
brain and liver homogenates, which can be attributed to a greater
extent to their phenolic and flavonoid contents. Among the frac-
tions, AcOEt fraction exhibited a strongest antioxidant activity. All
the fractions were deemed non-toxic to human leukocytes and did
not have any effect on human erythrocytes osmotic fragility, at the
concentrations tested. In addition, all the fractions protected leuko-
cytes from H,0, +Azide-induced cytotoxicity, contributing to the
integrity and functionality of these cells. Consequently, the use of
this plant in Brazilian folk medicine in the management of diseases
associated with oxidative stress has a scientific basis. However,
in vivo toxicological evaluations are recommended on this plant
for further information in the subject area.
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Running title: Anacardium microcarpum modulates antibiotics drugs

Abstract

Background: The challenge of antibiotic resistance and the emergence of new
infections have generated considerable interest in the exploration of natural products
from plant origin, as a combination therapy. In this contest, the crude ethanolic extract
(CEE), ethyl acetate fraction (EAF) and methanolic fraction (MF) from Anacardium
microcarpum, were tested alone or in combination with antibiotics (amikacin,
gentamicin, ciprofloxacin and imipenem) against Escherichia coli, Pseudomonas

aeruginosa and Staphylococcus aureus.

Methods: Antibiotic-resistance modifying activity was performed using the micro-
dilution method by determining the minimal inhibitory concentration (MIC). In addition,

phytochemical prospecting analyses of tested samples were carried out.

Results: Our results indicated that all the extracts showed low antibacterial activity
against multidrug resistant strains (MIC = 512 pg/mL). However, addition of CEE, EAF
and MF to the growth medium at the sub-inhibitory concentration (MIC/8 = 64 ug/mL)
significantly modulated amikacin- and gentamicin-resistant E. coli 06. CEE and EAF
also demonstrated a significant (p < 0.001) synergism with imipenem against S.
aureus. In contrast, MF antagonized the antibacterial effect of ciprofloxacin and
gentamicin against P. aeruginosa 03 and S. aureus 10 respectively. Qualitative
phytochemical analysis of the extracts revealed the presence of secondary metabolites

including phenoals, flavonoids, xanthones, chalcones and tannin pyrogallates.

Conclusions: Taken together, our results suggest that A. microcarpum is a natural
source with resistance-modifying antibacterial activity that needs to be further

investigated to overcome the present resistant infection problem.

Keywords: Multidrug resistant, Anacardium microcarpum, Antibacterial activity, Caju
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Introduction

Infectious diseases caused by microorganisms including bacterial species remain a
major therapeutic problem in the hospitals, leading to significant morbidity and mortality
3 This is mainly due to the emergence of new infections (eg. Mycoses and bacterial

illnesses), and the widespread of antibiotics resistance®.

Among several pathogenic species, the most significant ones are: Escherichia coli
Pseudomonas aeruginosa, and Staphylococcus aureus. E. coli belongs to the normal
flora of humans and plays an important role in the human intestinal tract. However,
some strains can cause chronic diarrhea, food poisoning® or illness outside the
intestinal tract. P. aeruginosa, which is occasionally associated with opportunistic
human diseases®, can cause a wide range of acute and chronic infections including
infections of the urinary tract, skin and respiratory tract as well as cystic fibrosis’. P.
aeruginosa was reported by the Centers for Disease Control and Prevention as the
second most common pathogen in healthcare associated-infections behind E. coli . S.
aureus is one of the five most common causes of nosocomial postsurgical wound

infections®??. It is also an opportunistic pathogen in humans™*,

Normally, the principal mechanism by which antibacterial agents act is by interference
with cell wall synthesis, inhibition of protein synthesis, interference with nucleic acid
synthesis, inhibition of a metabolic pathway as well as the disruption of bacterial
membrane structure’®. However, these actions of the antibacterial agents have failed
due to multidrug resistance, which is related to the simple/plastic genomes and DNA
exchanges with others bacterial strains®®. This situation represents a serious public
health problem and affects largely the economy, necessitating the urgent development

of new antimicrobial agents.

Less than two decades ago, natural products from plants origin have generated

considerable interest in the search of new antibacterial agents and/or new compounds

41



able to potentiate the antibacterial activity of old antibiotics**?°. Additionally, substantial
evidence from the literature have shown the potential of crude extracts in controlling

21-23

multidrug resistance in in vitro studies~ ", and the efficacy of plant antimicrobials

derived compounds in food applications®*%.

The Brazilian plant, Anacardium microcarpum, popularly known as “Cajui” belongs to
the Anacardiaceae family. It is found in the Northeastern region. Its fruits are rich in
vitamin C, proteins, lipids, carbohydrates and phenolic compounds. The infusions of A.
microcarpum barks are used in the traditional Brazilian medicine as a tonic for
the treatment of a variety of diseases including infectious diseases, inflammation,
rheumatism and tumor. Recently, we have reported for the first time that the popular
use of A. microcarpum in the prevention and/or treatment of the above listed diseases
(which are associated with oxidative stress) has a scientific basis due to its
antioxidative activity?’. But, no study has been carried out to investigate its potential
use as antibacterial agent. Therefore, the purpose of this study was to evaluate the
antibacterial activity of crude ethanolic extract and fractions (ethyl acetate and
methanolic) from A. microcarpum barks against different bacterial strains, and their
potential to modulate antibiotics drugs used in clinical infections. Furthermore, the
phytochemical prospecting of A. microcarpum was investigated for the presence or

absence of secondary metabolites.

Materials and Methods
Plant material and extraction

The stem barks of A. microcarpum were collected from Barrero Grande, Crato-
Ceara (7°22’S; 39°28'W; 892 m sea level), Brazil, in November 2011. The plant
material was identified by Dr. Maria Arlene Pessoa da Silva of the herbarium
Caririense Déardano de Andrade - Lima (HCDAL) of the Regional University of

Cariri (URCA) and a voucher specimen was deposited (number 6702). The resh

42



barks of A. microcarpum were macerated with 99.9% of ethanol and water (1:1,
viv) for 3 days. The suspension was filtered, solvent evaporated under reduced
pressure and lyophilized to obtain 490 g of crude ethanolic extract (CEE). One
hundred and fifty grams (150 g) of this was partitioned with ethyl acetate and
methanol to obtain 12.5 g of ethyl acetate fraction (EAF) and 105.23 g of
methanolic fraction (MF). Prior to use, CEE, EAF and MF were prepared by
dissolving 10 mg of each in 1 mL of DMSO (10%), thus starting with an initial
concentration of 10 mg/mL. The resulting solutions were then diluted to 1024 ug/mL in

sterile water and used in the experiments.
Preliminary phytochemical analysis

The CEE, EAF and MF were screened according to the method described by Matos et
al.?® with slight modifications, for detecting the presence of different classes of
secondary metabolites such as: Phenols, flavones, flavonoids, chalcones, xanthones,

alkaloides, flavonones, aurones and tannin pyrogallates.
Drugs and microorganisms

The antibiotics used were amikacin, gentamicin, ciprofloxacin and imipenem. They
were purchased from Sigma Chemical Corp., St. Louis, MO, USA. The stock solutions
of the antibiotics (5 mg/mL) were prepared in sterile water and then diluted to 2500
pug/mL, which was used for the experiments. Resazurin sodium (Sigma—Aldrich, St

Louis, USA) was used as an indicator of the growth of bacteria.

The gram negative bacteria used in this study were Escherichia coli (25922) and
Pseudomonas aeruginosa (9027). The gram positive bacterium that was used in this
study was Staphylococcus aureus (25923). They were used for the determination of
minimal inhibitory concentration. However, for the modulation of the antibiotic activity
Pseudomonas aeruginosa 03, Escherichia coli 06 e Staphylococcus aureus 10 were

used. Their origin and resistance profile to antibiotics is showed in Table 1. All the
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strains were obtained from the Laboratory of Clinical Microbiology of the Federal

University of Paraiba (Brazil) and maintained on nutrient agar slants at 4°C.
Growth media and culture conditions

The heart infusion agar (HIA) (Difco Laboratory, Ltda) and the Caldo brain heart
infusion (BHI, 10%) (Acumedia Manufacturers Inc.) were used for bacteria media
culture. The culture media were prepared according to the guidelines of the suppliers.
The cultures of bacteria were maintained at 4°C in HIA. Briefly, the microbial
suspension were prepared by making a sterile saline suspension of isolated colonies
selected from BHI (for bacteria) and the agar plates were grown for 24 h at 37°C. The
suspension was adjusted to match the tube of 0.5 McFarland turbidity standard, which
corresponds to 10° CFU (colony-forming units)/mL?’. Resazurin sodium (Sigma—
Aldrich, St Louis, USA) at concentration of 0.01% was added to the culture media as a

growth indicator, after incubation at 37°C.
Determination of antibacterial activity

A preliminary evaluation of the antibacterial activity of the CEE, EAF and MF from the
bark of A. microcarpum was determined by the micro-dilution method*, by determining
the smallest amount of plant extract required to inhibit the visible growth of the tested
pathogens. This was carried by two-fold dilutions. Briefly, 100 pL of culture medium
containing different bacterial strains (10°> CFU/ml) were distributed in 96-well plates and
then subjected to serial dilution using 100 pL of each extract, with final concentrations
varying from 512 to 8 ug/mL. The negative control contained bacterial suspension and
the solvent (DMSO, 10%), while the positive control was made of the culture medium
plus different bacterial strains. Antibacterial activity was detected by adding 20 pL of
0.01% resazurin staining aqueous solution in each well at the end of the incubation
period. The bacterial growth was observed by the irreversible oxidation of resazurin to

resofurin, characterized by a change from blue color to the pink color. The minimum

44



inhibitory concentration (MIC) of the extracts was determined as the lowest
concentration in which they were able to inhibit bacterial growth?. All experiments were

performed in triplicate and the procedure was repeated at least three times.
Modulation of the antibiotic activity

In order to evaluate the potential modulatory effect of CEE, EAF and MF on the tested
antibiotics, the extracts were tested at the sub-inhibitory concentration (i.e., MIC/8) as

described by Coutinho et al. **

using different bacterial strains. For this set of
experiment, we used Pseudomonas aeruginosa 03, Escherichia coli 06 and
Staphylococcus aureus 10. These bacteria are known to be resistant to a wide range of
antibiotics (Table 1). Briefly, 100 puL of a solution mixture containing BHI (10%), the
bacterial inoculums with or without different extracts (64 pg/mL) was placed in each
well plate. Then, 100 uL of the antibiotic drugs at the concentration of 1250 ug/mL was

added in the first well, which was serially diluted to obtain concentrations ranging from

1250 —1.22 pg/mL.

Statistical Analysis of Microbiological Results.

The results of the tests were done in triplicate and expressed as geometric mean.
Statistical analysis was applied to two-way ANOVA followed by Bonferroni posttests

using GraphPad Prism 5.0 software.

Results
Phytochemical analysis of crude ethanolic extract and fractions from the bark of A. microcarpum

The phytochemical prospecting of the CEE, and fractions (EAF and MF) revealed the
presence of a variety of classes of secondary metabolites (Table 2). On all products
were detected the presence of phenols, flavones, flavonoids, chalcones, xanthones,
alkaloids, flavanones, aurones and tannin pyrogallates (Table 2). It should be noted

that the chemical composition of the CEE, EAF and MF used in the present study
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was previously determined by Barbosa-Filho et al. %’ using high performance liquid

chromatography coupled to diode-array detector (HPLC-DAD).
Antibacterial activity of CEE, EAE and MF from A. microcarpum bark extract

All the extracts showed growth inhibition of E. coli (25922), P. aeruginosa (9027) and
S. aureus (25923) only at the highest concentration tested (512 pg/mL), suggesting
that they presented a MIC value of 512 pg/mL (data not shown). Taking into account
that the extracts presented a weak inhibitory activity since their MIC value was more
than 500 pg/mL, we tested their possible potential to modulate the action of antibiotics

at the sub-inhibitory concentration (MIC/8 = 64 pg/mL).
Modulation of antibiotic activity by CEE, EAE and MF from A. microcarpum bark extract

The ability of CEE, EAF and MF to modulate the effects of antibiotics amikacin,
gentamicin, ciprofloxacin and imipenem against E. coli 06 is presented in Figure 1.
The results indicate that the addition of CEE, EAF and MF to the growth medium at the
sub-inhibitory concentration caused a significant reduction of the MIC when compared
to amikacin and gentamicin alone (p < 0.001) (Figure 1A-C). However, the addition of
CEE, EAF and MF to the growth medium in the presence of ciprofloxacin and
imipenem did not have any effect (Figure 1A-C). The synergistic action of the CEE,
EAF and MF with amikacin caused respectively 30%, 40% and 40% reduction in the
MIC when compared to amikacin alone (Figure 1A-C), while, the combination of
gentamicin with MF resulted in the highest reduction of the MIC (from 364.58 to 156.25

pg/mL), with 57.14% reduction in comparison to gentamicin alone (Figure 1C).

In contrast to what observed in E. coli, CEE only modulated the action of amikacin
against P. aeruginosa, with a percent reduction of 25% in the MIC (from 208.33 to
156.25 pg/mL) when compared to amikacin alone (p < 0.001, Figure 2A). Similarly, the
synergistic action of gentamicin with EAF caused a significant reduction in the MIC,

when compared to gentamicin alone (p < 0.001) (Figure. 2B). Surprisingly, the addition
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of EAF to the growth medium showed significant antagonistic modulating activity to the
antibiotic amikacin (Figure 2B). CEE was not able to modulate the antibiotics
gentamicin, ciprofloxacin and imipenem (Figure 2A). No modulatory activity of the
antibiotics ciprofloxacin and imipenem was observed against P. aeruginosa when EAF
was added to the growth medium (Figure 2B). Similarly, MF did not have any effect on
amikacin, gentamicin and imipenem, but significantly decreased the MIC of

ciprofloxacin (Figure 2C).

Against multi-drug resistant bacteria S. aureus, CEE demonstrated synergism when
associated to the antibiotic amikacin and Imipenem (Figure 3A), showing a
reduction of MIC of 60.94% and 90.46% respectively. Similarly, EAF (Figure 3B) and
MF (Figure 3C) when combined with gentamicin significantly modulated the effect of
the antibiotic. However, CEE exhibited significant antagonistic modulatory activity of
gentamicin in comparison to gentamicin alone (Figure 3A, p < 0.001). The combination
of EAF with imipenem caused a dramatic decrease in the MIC of the antibiotic (Figure
3b, p < 0.001). Ciprofloxacin when combined with CEE (Figure 3A), EAF (Figure 3B) or
MF (Figure 3C) did not promote any reduction of the MCI. Similarly, MF did not show

any synergism with amikacin and imipenem (Figure 3C).
Discussion

The challenge of antibiotic resistance has recently generated considerable interest in
the exploration of natural products from plant origin, as a combination therapy in order
to modulate the action of the antibiotics'®?*3!. In this context, the aim of this study was
to evaluate the potential modulatory action of four antibiotics (amikacin, gentamicin,
ciprofloxacin and imipenem) by crude ethanolic extract and fractions (ethyl acetate and
methanolic) from A. microcarpum, against different bacterial strains (Escherichia coli
06; Pseudomonas aeruginosa 03 and Staphylococcus aureus 10). The results

presented herein indicated that A. microcarpum exhibited significant synergistic action
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with the tested antibiotics, especially from the class of aminoglycosides (amikacin and

gentamicin), against the tested bacterial strains.

Numerous studies have reported the antibacterial activity of plant extracts by
measuring their capacity to inhibit bacteria growth. In the current study, we investigated
the antibacterial activity of CEE, EAF and MF using the micro-dilution method. The
results indicated that all the extract showed weak antibacterial activity against the
bacterial strains tested, since their MIC value was greater than 500 pg/mL. According
to Dall’Agnol et al.** and Tanaka et al.*, plant extracts with 500 < MIC < 1000 pg/mL

present a weak inhibitory activity.

Aminoglycosides are class of bactericidal antibiotics characterized by the presence of a
six-carbon aminocyclitol ring, covalently bonded to multiple amino sugar groups. They
can act by impairing bacterial protein synthesis through irreversible binding to the 30S
subunit of the bacterial ribosome®. The resistance of bacteria (Gram-positive and
negative) to aminoglycosides mainly includes enzyme inactivation and the presence of
efflux proteins that are able to pump the antibiotic to the extracellular space. The
effects of aminoglycosides, amikacin and gentamicin used in this study, were
significantly modulated by CEE, EAF and MF from A. microcarpum against E. coli.
Interestingly, CEE and EAF also demonstrated a significant synergism with imipenem
against S. aureus. In the same line, MF modulated the action of ciprofloxacin-resistant
P. aeruginosa and gentamicin-resistant S. aureus. The inhibition of bacterial growth by
plant extracts and chemicals occurs through diverse mechanisms which may be related
to the hydrophobic nature of the compound(s). Although we did not investigate the
mechanism by which these extracts modulate aminoglycoside activity, we hypothesize
that it might be attributed to the chemical constituent of these extracts. It is possible
that compounds from A. microcarpum are interacting with lipid bilayer of the cell
membrane or with proteins presents on the bacterial outer plasma membrane®,

thereby, facilitating the permeability to antibiotics, leading to the interruption of vital

48



cellular activity®®. Phytochemical prospection of A. microcarpum revealed the presence
of a variety of secondary metabolites including phenols, flavonoids, tannins, and
alkaloids, which are known to be responsible for antimicrobial activity from most plants.
Of particular interest, recent studies have shown that compounds such as polyphenols
can interact with signal transduction pathways and cell receptors leading to interruption

of the microbial growth and induce cell death®’.

Natural compounds from plant origin can cause alteration in the effect of antibiotics
either by increasing or antagonizing the antibiotic activity®*. In the present study, CEE
antagonized the activity of gentamicin against S. aureus, while EAF antagonized the
activity of amikacin-resistant P. aeruginosa by significantly increasing the MIC of the

1.3 who observed a

antibiotics. Our results corroborated with those of Veras et a
significant increase in the MIC value when combined natural products and
aminoglycosides. This antagonism can be partly due to mutual interaction/chelation of

the antibiotic with the chemical component of the plant extracts®**°.

In conclusion, this study reported for the first time the potential of crude ethanolic
extract (CEE), and fractions (ethyl acetate and methanolic) from A. microcarpum to
enhance in a synergic way, different antibiotics resistance against different bacterial
strains (Escherichia coli 06, Pseudomonas aeruginosa 03 and Staphylococcus aureus
10) in vitro. Noteworthy was the fact that, all the extracts exhibited significant
synergistic action with aminoglycosides (amikacin and gentamicin) against E. coli 06.
The finding of the present investigation represents an important step for the search and
development of new antibacterial agents, which could be useful to overcome the

present resistant infection problem.
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Table 1 Origin of bacterial strains and their resistance to antibiotics

Bacteria

Origin

Resistance profile

Escherichia coli 06

Pseudomonas

aeruginosa 03

Staphylococcus

aureus 10

Surgical wound

Urine culture

Surgical wound

Aztreonan, Amoxacillin, Ampicillin,
Amicilin, Amoxillin, Cefadroxil,

cefaclor, Cephalothin,

Ceftazidime, Ciprofloxacin,
Chloramphenicol, Imipenem,
Kanamycin, Sulphametrim,

Tetracycline, Tobramycin

Cefatazidime, Imipenem,
Ciprofloxacin, piperacilin-
tazobactam, Levofloxacin,

Meropenem, Amicilin

Oxacillin, Gentamicin, Tobramycin,
Amicilin, Kanamycin, Neomycin,
Paromomycin, Butirosin, Sisomicin,

Netilmicin




Table 2 Qualitative phyto-constituents analysis of crude ethanolic extract (CEE), ethyl
acetate fraction (EAF) and metanolic fraction (MF) from the stem bark of A.

microcarpum

Secondary metabolites CEE EAF MF
Phenols + + +
Flavones + + +
Flavonoids + + +
Chalcones + + +
Xanthones + + +
Alkaloids + + +
Flavanones + + +
Aurones + + +
Tannin pyrogallates + + +

(+) indicate the presence of the metabolite.



Figure captions

Figure 1 MIC of the antibiotics in the absence and presence of CEE (A), EAF (B) and
MF (C) at the sub-inhibitory concentrations (64 pg/mL) for E. coli strain 06. ***p < 0.001
460 indicate significant difference when the CEE, EAF or MF was added to the

médium.

Figure 2 MIC of the antibiotics in the absence and presence of CEE (A), EAF (B) and
MF (C) at subinhibitory concentrations (64 pg/mL) for P. aeruginosa strain 03. ***p <
0.001 indicate significant difference when the CEE, EAF or MF was added to the

medium.

Figure 3 MIC of the antibiotics in the absence and presence of CEE (A), EAF (B) and
MF (C) at subinhibitory concentrations (64 pug/mL) for S. aureus strain 10. ***p < 0.001

indicate significant difference when the CEE, EAF or MF was added to the medium.
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Figure 1A
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Figure 1B
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Figure 1C
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Figure 2A
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Figure 2B
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Figure 2C
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Figure 3B
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Figure 3C
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4 DISCUSSAO

O consideravel aumento no interesse por antioxidantes naturais se deve a possibilidade
que estes apresentam de alterar condic@es clinicas associadas ao estresse oxidativo. Estudos
tém sido desenvolvidos na tentativa de validar o uso cientifico de plantas para fins medicinais,
especialmente, as de utilizacdo etnofarmacoldgica, com a preocupacdo em sua eficiéncia e
seguranca.

As infusbes cascas do caule do Anacardium microcarpum sdo usadas para o
tratamento de doencas inflamatdrias e infecciosas, entre outros usos, por comunidades que
residem em éarea rural na Chapada do Araripe, Nordeste brasileiro. Este fato despertou o
interesse pela investigagdo do potencial antioxidante e antibacteriano do extrato etandlico e
das fragdes metandlica e acetato de etila, obtidas desta espécie, bem como, de possivel efeito
citotoxico, constituindo um estudo preliminar neste contexto.

E importante mencionar que o perfil cromatografico das fracdes do A. microcarpum
revelou a presenca de compostos fendlicos, particularmente, quercetina e acido cafeico, sendo
que a fracdo acetato de etila foi a que mostrou maior concentracdo de acido galico, quercetina,
quercitrina e isoquercitrina.

Os resultados desta pesquisa demonstraram que todas as fracdes do A. microcarpum
apresentaram atividade sequestradora diante do radical DPPH, sendo que a fracdo acetato de
etila foi a mais efetiva, com menor valor de ICsy (27,88+1,6 pg/mL). O DPPH é um radical
livre estavel que tem sido extensivamente utilizado na avaliacdo da atividade antioxidante de
extratos de plantas. O efeito de sequestrar este radical ocorre devido a capacidade atribuida a
estrutura quimica de certos compostos em doar &tomos de hidrogénio e/ou elétrons, a exemplo
de compostos fendlicos, os quais possuem habilidade de se oxidar na presenca de agentes
oxidantes (HALLIWELL; GUTTERIDGE; CROSS, 1992; JUNG; HEO; WANG, 2008;
SOUSA et al., 2007).

A partir destes resultados, buscou-se avaliar o possivel efeito protetor do A.
microcarpum, em um modelo in vitro bastante utilizado de indugdo de dano oxidativo aos
lipideos de membrana atraveés da medida da formacdo de malondialdeido (MDA), obtido
como produto de degradacdo da peroxidacdo lipidica (PL), pelo método de TBARS
(JANERO, 1990). Para tanto, o ion ferro foi utilizado como agente indutor de dano, causando

um significativo (p < 0.05) aumento na PL em cérebro e figado de ratos comparado ao basal.
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Este efeito foi significativamente reduzido com o tratamento usando diferentes fracdes do A.
microcarpum. A fracdo acetato de etila demonstrou maior potencial antioxidante, inibindo de
forma mais eficiente a PL induzida pelo Fe*".

A PL constitui um processo complexo resultante da interacdo de espécies reativas com
0s acidos graxos poliinsaturados presentes nas membranas celulares levando a formacao de
radicais livres, e subsequentes alteragdes estruturais e funcionais (NOWAK, 2013; REED,
2011). E valido referir que o ferro, dada & sua capacidade de doar elétrons ao peroxido de
hidrogénio (H.0,), estd envolvido na formacgdo do radical hidroxila, altamente citotdxico
(FARINA et al., 2013).

Compostos fendlicos sdo reconhecidamente potentes antioxidantes naturais devido a
sua capacidade de quelar metais de transicdo, os quais induzem reacBGes oxidativas, como
ocorre na reacdo de Fenton (KARAMAN et al., 2010; MORAN et al., 1997, SCHAFFER
et al., 2013). Logo, um possivel mecanismo de acdo para o efeito protetor das fracbes se deva
a interacdo direta com o ion ferro ou com suas formas oxidadas.

Pesquisas realizadas com a espécie A. occidentale apontam para significativa atividade
antioxidante através de seu potencial de sequestrar o radical DPPH, o 6xido nitrico e o anion
superoxido (O7y). De maneira geral, esta atividade foi atribuida a elevadas concentracdes de
compostos fendlicos, como a rutina e a quercetina, nas fragdes avaliadas (RAZALI et al.,
2008).

Considerando o comprovado potencial antioxidante do A. microcarpum neste estudo,
na protecdo contra o dano oxidativo causado pela PL, buscou-se investigar também, o
possivel efeito toxico de suas fragdes, através de dois modelos muito utilizados para esta
finalidade, sendo eles: a fragilidade osmotica em eritrcitos e a viabilidade celular em
leucdcitos, com o objetivo de verificar seu efeito toxico. Os resultados demonstram que as
fracBes do A. microcarpum ndo apresentaram efeitos toxicos em leucdcitos. A citotoxicidade
induzida pelo sistema H,O, + Azida foi significativamente atenuada com o co-tratamento com
as fragdes. Os resultados da investigacdo do efeito do A. microcarpum, em diferentes
concentragOes sobre a hemdlise ndo indicaram diferencas significativas no tratamento com as
fragdes.

Compreendendo-se que 0 estresse oxidativo mantém correlagdo com diversas
situacbes de doengca em humanos, e partindo-se de informacfes preliminares sobre o uso
etnofarmacoldgico da espécie A. microcarpum, e de dados na literatura que reafirmam o uso
popular de espécies do género Anacardium para tratamento de doencas infecciosas (SOUZA

et al., 2013), investigou-se a atividade antibacteriana in vitro de suas fragcdes contra cepas de
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E. coli, P. aeruginosa e S. aureus, determinando-se a CIM pelo método de microdiluicdo em
placa e ainda, a acdo modulatdria quando associado a farmacos utilizados clinicamente, contra
cepas bacterianas multirresistentes.

Os resultados demonstraram atividade antibacteriana de baixo espectro para todas as
fragdes do A. microcarpum, uma vez que os valores de CIM foram superiores a 500 pg/mL.
Pesquisas apontam que extratos de plantas com CIM > 500 pg/mL possuem baixa atividade
inibitéria (DALL’AGNOL et al., 2003; TANAKA et al.,, 2005). Estudos realizados com
outras espécies de Anacardium também revelaram um espectro de atividade limitado contra
bactérias (KUBO; NIHEI; TSUJIMOTO, 2003).

Observa-se que a ocorréncia de mecanismos de resisténcia microbiana tem
impulsionado o desenvolvimento de pesquisas para avaliacdo da atividade antimicrobiana de
produtos naturais (ARANGO; SANCHEZ; GALVIS, 2004). Sabe-se, que compostos
fendlicos presentes em extratos de plantas possuem a capacidade de aumentar a
permeabilidade celular aos antibiéticos, demonstrando um efeito de sinergismo (BURT,
2004). Neste aspecto, estudos tém demonstrado esta atividade pela associacdo de produtos
naturais em concentracdes sub-inibitérias com farmacos antimicrobianos (COUTINHO et al.,
2008; 2009).

Assim, a atividade modulatdria das fracdes do A. microcarpum foi testada, utilizando-
se de concentracdes sub-inibitorias, os valores de CIM/8 (64 pg/mL), em associacdo aos
antibidticos: gentamicina, amicacina, ciprofloxacino e imipenem/cilastatina sddica contra
linhagens multirresistentes de E. coli (25922), P. aeruginosa (9027) e S. aureus (25923). A
modulacgéo das fracGes contra E. coli causou reducdo significativa nos valores de CIM quando
estas foram adicionadas ao meio de cultura na presenca de gentamicina e amicacina.
Comparado aos resultados observados para E. coli, somente a fracdo etandlica apresentou
reducdo do valor de CIM em associacdo & amicacina contra P. aeruginosa. No entanto, a
fragdo acetato de etila quando modulada com gentamicina reduziu de forma significativa o
valor de CIM para esta mesma bactéria, e ainda, a fragdo metandlica causou reducao no valor
de CIM associada a ciprofloxacino.

A atividade modulatoria das fracdes contra cepas resistentes de S. aureus revelou
efeito sinérgico significativo da fracdo etandlica com amicacina e imipenem. De forma
similar, a fracdo acetato de etila também apresentou sinergismo para a modulacdo com
gentamicina e imipenem, sendo que a fragdo metanolica reduziu significativamente o valor de
CIM somente quando modulada com gentamicina. Vale ressaltar ainda, que a fragdo etandlica

exibiu atividade modulatdria antagénica significativa quando associada a gentamicina.
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De maneira interessante, os resultados da modulagdo dos antibidticos com diferentes
fracbes do A. microcarpum, apontam atividade de sinergismo especialmente, com
aminoglicosideos. E importante mencionar que a prospecgdo fitoquimica qualitativa do A.
microcarpum revelou a presenca de uma variedade de metabolitos secundarios, incluindo
compostos fendlicos, flavonoides, taninos e alcaloides, os quais tém sido associados a
atividade antimicrobiana em outros trabalhos (LAI; ROY, 2004; SOHN et al., 2004). No
entanto, estudos relatam que extratos de plantas também podem exercer atividade antagbnica
com antibioticos (COUTINHO et al., 2008; TINTINO et al., 2013), sendo este efeito atribuido
a possiveis interacbes entre 0s constituintes quimicos presentes nos extratos, atuando na
remocao/quelagdo do antibidtico (BEHLING et al., 2004; GRANOWITZ; BROWN, 2008).

Alguns mecanismos tém sido propostos para a acdo sinérgica de compostos fendlicos,
como a capacidade de formar complexos com proteinas solUveis extracelulares que se ligam a
parede celular bacteriana (TSUCHIYA et al., 1996). A habilidade que extratos de plantas
possuem para alterar a permeabilidade da membrana celular e facilitar a penetracdo do
antibidtico constitui um mecanismo peculiar para potencializar a acdo de aminoglicosideos, 0s
quais tém efeito bactericida ao se ligarem ao ribossomo bacteriano, necessitando, portanto,
penetrarem no interior da célula para agir (OLIVEIRA; CIPULLO; BURDMANN, 2006).

Os efeitos observados de extratos de plantas na inibicdo do crescimento microbiano
ocorrem por mecanismos diversos, podendo estar relacionado a natureza hidrofébica de seus
componentes. Estes podem interagir com a bicamada lipidica celular e alterar a cadeia
respiratdria e a producédo de energia (NICOLSON; EVANS; O’TOOLE, 1999).

Pelo exposto, este estudo desponta sobre a constituicdo fitoquimica e avaliagdo de
atividades antioxidante, citotoxica, antibacteriana e modulatéria de antibidticos do A.
microcarpum, revelando o seu potencial promissor para utilizagdo na terapéutica de condigdes
que afetam a salde e que mantém correlacdo com o estresse oxidativo e ainda, doencas
infecciosas. Entretanto, admite-se a necessidade de ampliar os estudos sobre as atividades
farmacologicas desta espécie e da realizacdo de testes in vivo, que possam elucidar

mecanismos de acdo e contribuir ainda mais para a seguranca de seus USUArios.



5 CONCLUSOES

A avaliacdo cromatografica dos constituintes fitoquimicos do A. microcarpum revelou
a presenca de &cido cafeico e quercetina como 0s principais compostos presentes nas fracoes
etanolica e acetato de etila, sendo que a quercetina e a isoquercetina sdo 0s constituintes
majoritarios da fracdo metandlica.

Os estudos in vitro realizados demonstraram que esta espécie apresenta capacidade de
sequestrar o radical DPPH, sendo que a fragdo acetato de etila apresentou menor valor de ICs
(27.88 £ 1.6 pg/mL), e ainda, significativo potencial antioxidante na protecdo contra a
peroxidacéo lipidica induzida pelo Fe** em tecido cerebral e hepético de ratos, pela técnica de
TBARS.

A partir destes resultados, é possivel inferir que os constituintes quimicos presentes
nas fracbes do A. microcarpum possuem a habilidade de interagir com a membrana celular e
oferecer protecdo contra a oxidacdo de lipideos na presenca de agente oxidante. Varios
estudos tém correlacionado este efeito antioxidante a presenca de polifenois. Neste aspecto, o
A. microcarpum desponta como espécie promissora para uso em doencas relacionadas ao
estresse oxidativo. Some-se a isto, o fato de que as fracbes ndo demonstraram efeito
significativo na fragilidade osmotica em eritrocitos humanos, o que é particularmente
relevante, visto que a avali¢do da citotoxicidade de extratos de plantas faz parte da abordagem
preliminar sobre a utilizacdo farmacoldgica destes. Ndo obstante, o co-tratamento com as
fracOes foi capaz de diminuir a toxicidade em leucécitos humanos induzida pelo sistema H,0,
+ Azida de sodio.

Observou-se que todas as fragdes apresentaram baixa atividade inibitoria sobre o
crescimento bacteriano de linhagens padrdo de E. coli (25922), P. aeruginosa (9027) e S.
aureus (25923), com valores de Concentracdo Inibitéria Minima - CIM superiores a 500
pug/mL.

No entanto, os dados obtidos a partir da modulagdo com drogas antibacterianas de
diferentes classes e mecanismos de acdo farmacoldgica sdo promissores na perspectiva de
terapéutica antibacteriana adjuvante, especialmente em face da problematica exponencial da
resisténcia microbiana, sendo que os resultados revelaram que as diferentes fraces do A.
microcarpum (etandlica, metandlica e de acetato de etila) provenientes das cascas do seu
caule, apresentaram diferentes atividades modulatérias contra cepas bacterianas

multirresistentes de Escherichia coli 06, Pseudomonas aeruginosa 03 e Staphylococcus
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auresu 10, quando em associagdo aos aminoglicosideos (amicacina e gentamicina),
ciprofloxacino e imipeném. Ressalta-se que todas as fragdes demonstraram efeito sinérgico
com os aminoglicosideos quando testados contra Escherichia coli 06.

Pelo exposto, e considerando o carater preliminar dos resultados deste estudo, é
possivel concluir que a espécie A. microcarpum possui atividade antioxidante associada a ndo
observacdo de citotoxicidade, o que traz uma perspectiva ampliada de uso farmacoldgico para
doencas cuja patogénese mantém correlagdo com o estresse oxidativo, como a inflamacéo e
infeccdo. E ainda, que os dados obtidos a partir da modulacdo antibacteriana surgem como
alternativa para auxiliar o tratamento de doencas infecciosas determinadas por bactérias
multirresistentes a acdo de antibioticos.



6 PERSPECTIVAS

Os resultados obtidos em nosso trabalho abrem perspectivas para a realizagdo de
estudos futuros entre estes:

- Tratamentos de roedores in vivo para avaliacdo de toxicidade e uso seguro da planta;

- Investigacdo do potencial neuroprotetor de extrato e fracdes do A.
microcarpum frente a modelos de toxicidade em roedores e culturas celulares;

- Avaliacdo do potencial genotdxico do A. microcarpum através de testes como

cometa e micronucleo.
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