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RESUMO

Anadenanthera colubrina (Vell) Brenan var. cebil (Griseb) é uma planta medicinal
amplamente utilizada no Nordeste brasileiro. Este estudo teve como objetivo analisar a influéncia
dos indices pluviométricos na atividade antimicrobiana e componentes fitoquimicos de extratos
de folhas e frutos de A. colubrina. As amostras foram coletadas no Parque Nacional do Catimbau
(Buique, Pernambuco, Brasil) em setembro de 2010 e janeiro, abril e junho de 2011, que mostrou
indice de precipitacdo (IP) de 75 mm, 65 milimetros, 162 milimetros e 73 mm, respectivamente.
Os extratos foram preparados por extracao de Soxhlet com ciclo-hexano, cloroférmio, acetato de
etilo e metanol. A atividade antimicrobiana foi determinada pelos valores de MIC e MBC. Todos
0S extratos apresentaram atividade antimicrobiana, mas extratos acetato de etila (de todos os
periodos) eram mais ativos. Foram encontradas fortes correlagdes entre o IP e do MIC média de
MLE (p: -0,99), Eale (p: -0,81), CHFE (p: -0,81), EAFE (p: -0,80); enquanto correlacGes
moderadas e fracas foi encontrado com outros extratos. Atraveés de uma analise HPLC foi
possivel revelar que as amostras coletadas de periodos secos tiveram mais diversidade quimica
(por apresentarem mais picos). Acido galico e quercetina (e compostos derivados) foram
identificados. Os niveis de quercetina foram reforcadas em extratos de meses secos. Os N0ssos
resultados mostraram que a precipitacdo tem um efeito positivo sobre a atividade antimicrobiana
das folhas e frutos de A. colubrina e a varia¢do de alguns metabolitos, principalmente quercetina.
Outros estudos devem ser realizados a fim de identificar os compostos ativos e para avaliar 0s
efeitos de outros fatores ambientais.

Palavras-Chave:Anadenanthera colubrina. Atividade antimicrobiana. Pluviosidade



ABSTRACT

Anadenanthera colubrina (Vell.) Brenan var. cebil (Griseb) is a plant widely used for medicinal
proposes in Brazilian Northeast. This study aimed to analyze the influence of rainfall indexes in
antimicrobial activity and phytochemical constituents of extracts from leaves and fruits of A.
colubrina. Samples were collected in Catimbau National Park (Buique, Pernambuco, Brazil) at
September 2010 and January, April and June 2011, which showed rainfall index of 75 mm, 65
mm, 162 mm and 73 mm, respectively. The extracts were prepared by Soxhlet extraction using
cyclohexane, chloroform, ethyl acetate and methanol. The antimicrobial activity was determined
by MIC and MBC values. All extracts showed antimicrobial activity, but ethyl acetate extracts
(from all periods) were more active. Strong correlations were found between the Rl and the
average MIC of MLE (p: -0.99), EALE (p: -0.81), CHFE (p: -0.81), EAFE (p: -0.80); while
moderate and weak correlations were found for other extracts. Through a HPLC analysis was
possible to reveal that the samples collected from dry periods had more chemical diversity (as
they presented more peaks). Gallic acid and quercetin (and derivative compounds) were
identified. The levels of quercetin were enhanced in extracts from dry months. Our results
showed that the rainfall has a positive effect on the antimicrobial activity of leaves and fruits of
A. colubrina and the variation of some metabolites, mainly quercetin. Other studies should be
performed in order to identify the active compounds and to evaluate the effects of other
environmental factors.

Keywords: Anadenanthera colubrina. Antimicrobial activity. Rainfall
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INTRODUCAO

Otratamento de doencas infecciosas foi revolucionado na década de 1930 com a
descoberta do primeiro antibiotico. Entretanto, 80 anos mais tarde nos deparamos em um
cenario critico em que sdo cada vez maiores os relatos de cepas microbianas resistentes a
antibidticos convencionais. Este mesmo cenario também nos mostra que o0
desenvolvimento de novos antimicrobianos estd diminuindo. A capacidade natural dos
micro-organismos de adquirir resisténcia esta sendo acelerada principalmente pelo uso
indiscriminado e pelo descarte indevido destes antibioticos(RODRIGUEZ-ROJA et al.,
2013; WHO,2012)

Estudos com moléculas de origem natural foram intensificados e compostos do
metabolismo secundario de plantas com caracteristica antimicrobiana, antifingicas e
antivirais foram elucidadas no intuito de contribuir para a descoberta de novos
medicamentos (DAGLIA, 2012;NEWMAN; CRAGG, 2012). Acreditava-se que estes
compostos secundarios eram produtos laterais do metabolismo com nenhuma funcgéo
especifica nas plantas, muitas vezes sendo relatada como lixo metabdlico. Por estas razdes
estes compostos foram chamados de metaboélitos secundérios. No entanto & medida que o
metabolismo foi sendo mais bem estudado percebeu-se que 0s compostos secundarios
possuem diversas funcgdes, dentre elas, como um dos sistemas de defesa das
plantas(CANHOTO, 2010).

A presenca ou auséncia de alguma classe destes compostos varia entre as espécies
vegetais e seus teores entre uma mesma espécie ou espécies diferentes podem variar
devido a influéncia de fatores como: disponibilidade hidrica, radiacdo ultravioleta,
sazonalidade etc(GOBBO-NETO;LOPES, 2007; KROYMAN, 2011).

A formacéo vegetal Caatinga se tornou atrativo para pesquisas deste porte por possuir
tais fatores como suas caracteristicas, as temperaturas médias anuais sdo umas das mais
elevadas do Brasil, variando entre 26° e 28°C e precipitagbes baixas e irregulares
limitados na maior parte de sua area a um periodo muito curto do ano (MELLO et al.,
2012; QUEIROZ, 2009).

A Caatinga possui uma &rea estimada de 850.000 km? e abrange os estados do
Alagoas, Bahia, Ceard, Paraiba, Pernambuco, Piaui, Rio Grande do Norte, Sergipe e
Minas Gerais, a deficiéncia de &gua durante grande parte do ano e a irregularidade
temporal na distribuicdo das chuvas sdo os principais fatores que determinam a existéncia
da Caatinga (QUEIROZ, 2009).

Dessa forma, as plantas da caatinga possuem caracteristicas particulares, e que
podem ser utilizadas como fontes para a busca de novas moléculas ativas. Porem, devido
a agdo antropica no bioma caatinga, ha um risco iminente destas propriedades medicinais
ndo serem reconhecida(LEAL et al., 2003).
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Neste contexto este trabalho se propds a determinar a atividade antimicrobiana de
folhas e frutos de Anadenanthera colubrina var cebile verificar por métodos
cromatograficos a variacdo dos teores de metabdlitos secundarios de diferentes periodos
de coleta (estacdo seca e chuvosa).
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2.0BJETIVOS
2.1 Objetivo Geral

Determinar a atividade antimicrobiana de folhas e frutos de Anadenanthera colubrina var
cebil e wverificar por métodos cromatograficos a variagdo dos teores de metabdlitos
secundarios de diferentes periodos de coleta (estacao seca e chuvosa).

2.2 Objetivos Especificos

e Obter extratos (semi-fracionados) por método de fracionamento Liquido-Liquido e
Soxhletpara posterior analise antimicrobiana;

e Analisar a atividade antimicrobiana dos extratos por método de microdilui¢do
seriada determinando sua Concentracdo Inibitéria Minima (CIM) e Concentragdo
Bactericida Minima (CBM);

e Analisar por Cromatografia de Camada Delgada (CCD) o perfil cromatogréfico
dos extratos, bem como analisar a variagdo dos compostos de acordo com o
periodo de coleta;

e Analisar por Cromatografia Liquida de Alta Eficiéncia (CLAE) o perfil
cromatografico dos extratos a fim de se analisar a variacdo dos compostos de
acordo com o periodo de coleta;
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3.REVISAO BIBLIOGRAFICA
3.1 Produtos Naturais

Os produtos naturais sdo moléculas organicas geradas por reagdes biossintéticas, com
funcdes e importancia bioldgica diferentes, sendo chamados de metabdlitos e originarias das mais
diversas fontes de organismos vivos(EMERY et al., 2010; PERES, 2004; TAZ;,ZEIGER, 2004).

Os metabolitos podem ser classificados em priméarios ou secundarios. Os metabdlitos
primarios sdo fundamentais para a sobrevivéncia das espécies, sdo especialmente importantes
para 0 metabolismo basico fotossintético ou respiratorio. J& a biossintese dos metabdlitos
secundarios é restrita a algumas espécies de organismos vivos e sua importancia bioldgica néo é
diretamente relacionada aos mesmos processos metabdlitos supracitada, mas que fazem parte,
especialmente do sistema de defesa e comunicacdo entre as espécies. (EMERY et al., 2010;
PERES, 2004; TAZ;ZEIGER, 2004).

Os metabdlitos secundarios sdo essenciais contra a herbivoria e infeccbes de micro-
organismos patogénicos, possui um papel importante na competicdo entre plantas, na atracdo de
polinizadores, no suporte estrutural e pigmentos. Produtos secundarios também podem
desempenhar funcdo importante na protecdo contra estresses abidticos, como por exemplo, a
radiacdo UV-B ou o déficit hidrico (PERES, 2004; TAZ;ZEIGER, 2004).

O termo produto natural apesar de estar intrinsecamente relacionada a toda e qualquer
molécula proveniente da natureza, seu uso, na area quimica, € comumente aplicado aos
metabolitos secundarios. Apesar da divisdo, os metabolismos priméario e secundario se
correlacionam diretamente, visto que o ultimo, utiliza moléculas organicas geradas pelo primeiro
nas vias biossintéticas. (EMERY et al., 2010; PERES, 2004; TAZ;ZEIGER, 2004).

Existem trés grandes grupos de metabdlitos secundarios: terpenos, compostos fendlicos e
compostos nitrogenados(EMERY et al., 2010; PERES, 2004; TAZ;ZEIGER, 2004).

Os terpenos sdo considerados a maior classe de metabdlitos, sua diversidade estrutural é
tdo ampla que podem ser encontrados compostos com 10,15,20,30 ou 40 atomos de carbono. Sdo
conhecidos respectivamente como mono,sesqui,di,tri e tetraterpenos com as mais diferentes
formas estruturais. Muitos dos monoterpenos e sesquiterpenos, por serem compostos volateis,
compdem os Gleos essenciais. Compostos esteroidais também pertecem a esta classe (Emery et
al., 2010). Séo oriundos de duas rotas biossintéticas: A rota do acido mevalénico e a rota do
metileritritol fosfato (MEP) (TAZ;ZEIGER, 2004).

Os triterpenos (terpenos de 30 carbonos) possuem uma classe comumente chamada de
saponinas devido as suas semelhangas com a espuma de sabdo. Esta caracteristica se da por
apresentarem em sua estrutura uma parte soltvel (glicose) e outra lipossoluvel (triterpeno). Nos
vegetais as saponinas sao extremamente importantes na defesa contra insetos (PERES, 2004).

Os compostos fendlicos sdo biossintetizados por meio de duas rotas diferentes: a rota do
acido chiquimico e a rota do acido melénico. A rota do acido chiquimico participa na sintese da
maioria dos fendis vegetais. Esta rota ndo estd presente nos animais e é responsavel pela
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formacdo de aminoéacidos - fenilanina, tirosina e triptofano - essenciais na dieta humana. A classe
mais abundante dos compostos fendlicos € derivada da fenilanina(TAZ;ZEIGER, 2004). Na rota
metabdlica, a fenilalanina forma o acido cinamico, que por sua vez é responsavel pela formacéo
dos fenois simples, lignina, flavonoides, taninos e outros compostos fendlicos. Nesse processo
existe uma enzima muito importante e que talvez seja a enzima mais estudada no metabolismo
secundario, a fenilalanina amonialiase (PAL). (PERES, 2004; TAZ;ZEIGER, 2004).

Esta enzima tem a sua atividade e quantidade aumentada de acordo com alguns fatores
ambientais, por exemplo, a alta incidéncia de luz aumenta a sua atividade que por sua vez
estimula a sintese de flavonas ou flavondis, compostos importantissimos que absorvem a luz em
comprimentos de onda mais curtos. A invasdo de fungos estimula a codificagdo da
PAL ,aumentando a sua quantidade e produzindo ainda mais compostos fendlicos essencial para a
defesa do organismo (TAZ;ZEIGER, 2004).

Odores, sabores e coloragcbes dos vegetais sdo muitas vezes oriundos dos compostos
fendlicos como as antocianinas, um grupo mais comum de flavondides. As cores sdo importantes
na atracao de animais que retiram o néctar ou polpa dos frutos e terminam por transportar para
outras areas as sementes e o pdlen das plantas, beneficiando a dispersdo das espécies. (TAZ;
ZEIGER, 2004).

Fazem parte dos compostos nitrogenados os alcaldides, glicosideos cianogénicos,
glucosinolatos e aminoacidos nao-proteicos. Os alcaldides constituem um grupo relativamente
extenso com mais de 15.000 metabolitos nitrogenados distribuidos em aproximadamente 20%
das espécies vasculares (TAZ; ZEIGER, 2004).

Os alcalbides sdo sintetizados a partir de aminodcidos comuns como tirosina, lisina e
triptofano e séo conhecidos por sua toxidade em grandes concentra¢es (PERES, 2004).



Figura 1. Principais vias do metabolismo secundario
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3.2 A importancia das plantas medicinais

A utilizagdo de plantas com fins medicinais, para tratamento, cura e prevencdo de
doengas, é uma das mais antigas formas de pratica medicinal da humanidade. As civilizacbes
antigas selecionaram, mesmo que empiricamente, plantas comestiveis e espécies com capacidade
medicinais pouco toxicas. Plantas medicinais sdo extensamente utilizadas, principalmente em
regibes onde 0 acesso ao cuidado de saide formal é limitado, e sua selecdo e uso dependem dos
sintomas, da disponibilidade de espécies na regido e de aspectos culturais e educacionais
(AMOROZO0, 2002;MAHABIR;GULLIFORD, 1997; VEIGA-JUNIOR et al, 2005;WHO, 2013)

E cada vez mais comum o uso de plantas medicinais, algumas, apoiadas pela propaganda
e pela garantia de ser de origem natural sdo comercializadas, muitas vezes,, entretanto, supostas
propriedades farmacoldgicas ndo possuem validade cientifica (VEIGA-JUNIOR et al, 2005).

Embora a medicina moderna esteja bem desenvolvida na maior parte do mundo, a
Organizacdo Mundial de Saude (OMS) reconhece que grande parte da populacdo dos paises em
desenvolvimento depende da medicina tradicional para sua atengdo primaria, ela estima que cerca
de 80% desta populacdo utilizam praticas tradicionais nos seus cuidados basicos de salde e 85%
destes utilizam plantas ou preparagdes destas.

Visando o aumento da populacdo mundial e a facilidade de disseminagéo de informagéo é
imprescindivel que as nagfes regulamentem o uso de plantas medicinais visando proteger a
cultura popular e a seguranca dos beneficirios deste tratamento.

Em muitas partes do mundo, politicos e profissionais de salude estdo enfrentando
problemas de seguranca, eficacia, qualidade, disponibilidade, preservacdo e regulamentacdo da
medicina tradicional. Diante desta situacdo a OMS vem elaborando estratégias para serem
adotadas por seus paises membros (WHO, 2013). A estratégia da OMS 2014-2023 consiste em:

e Facilitar a integracdo da medicina tradicional e complementar nos sistemas de
salde, auxiliando os estados-membros no desenvolvimento de suas proprias
politicas nacionais;

e Desenvolver diretrizes através do desenvolvimento e criagdo de normas,
orientacbes técnicas e metodologias de pesquisa para produtos, praticas e
profissionais;

e Incentivar a pesquisa estratégica na medicina tradicional e complementar para
apoiar projetos de pesquisa clinica sobre a seguranca e eficacia.

e Defender o uso racional da medicina tradicional e complementar, incentivando a
sua utilizagdo, com base em evidéncias cientificas.
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O Brasil por meio de decreto 5.813 de junho de 2006 estabelece a politica nacional de
plantas medicinais e fitoterapicos e instituem diretrizes e linhas prioritarias voltadasa garantia do
acesso seguro e uso racional de plantas medicinais (MS, 2006). O decreto brasileiro dispde de 15
diretrizes, dentre elas:

e Regulamentar o cultivo; manejo sustentavel; producdo; distribuicdo e uso de
plantas medicinais e fitoterapicas, considerando as experiéncias da sociedade civil
nas suas diferentes formas de organizagéo;

e Promover a formacgdo técnico-cientifica e capacitacdo no setor de plantas
medicinais e fitoterapicos;

e Fomentar pesquisa, desenvolvimento tecnolégico e inovacdo com base na
biodiversidade brasileira, abrangendo espécies nativas e exoticas adaptadas,
priorizando as necessidades epidemioldgicas da populagéo.

A importancia das plantas medicinais ndo se restringe somente ao seu uso nos cuidados
basicos de salde, a OMS também reconhece as plantas medicinais e a cultura tradicional como
norteadores na busca de novos compostos para 0 desenvolvimento de novos
antimicrobianos(WHO, 2012).

Como exemplo, no ano de 2001, 252 drogas foram consideradas essenciais naquele ano
pela OMS, 11% delas foram oriundas de vegetais e um numero significativo foram drogas
sintéticas obtidas de precursores naturais (RATES, 2001). Somente na ultima década, estima-se
que 40% dos medicamentos disponiveis na época foram desenvolvidos direta ou indiretamente a
partir de fontes naturais (CALIXTO, 2001).

O Brasil € signatario da Convencdo sobre diversidade Bioldgica (CDB), acordo
estabelecido no ambito da Organizacdo das Nagdes Unidas (ONU) e integrado por 188 paises
cujos objetivos sdo a conservacdo da diversidade bioldgica, a utilizacdo sustentavel de seus
componentes e a reparticdo justa e equitativa dos beneficios derivados da utilizagdo dos recursos
genéticos. Esta convencdo também reconhece a cultura tradicional e uso de plantas medicinais e
delega aos seus signatarios o dever de garantir a esses povos e comunidades o direito de decidir
sobre 0s usos desses saberes e de também perceber os beneficios decorrentes de seu uso (MS,
2006).

O Brasil é o principal dentre os paises megadiversos do mundo, é detentor de 15 a 20% do
total mundial, com destaque para as plantas superiores com24% da biodiversidade. Além desse
acervo genético, o Brasil é detentor de rica diversidade cultural e étnica que resultou em um
acumulo considerado de conhecimentos e tecnologias tradicionais, passado de geracdo a geracao,
entre os quais se destaca o0 vasto acervo de conhecimentos sobre manejo e uso de plantas
medicinais. O Brasil tem em maos a oportunidade para colocar em pratica 0 modelode
desenvolvimento préprio e soberano na area de saude e uso de plantas medicinais que prime pelo
uso sustentdvel dos componentes da biodiversidade e respeite 0s principios éticos e
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compromissos internacionais assumidos, para que desta forma promova a geracdo de riquezas
com inclusdo social (MS, 2006).

3.3 A Familia Leguminosae

Leguminosae é a terceira maior familia de plantas com distribuigdo cosmopolita, possui
727 géneros e 19.327 espécies. No Brasil sdo estimados1.500 espécies e 175 géneros (SOUZA;
LOURENZI, 2008). A maioria dos autores, baseados no sistema de classificacdo APG 11(2003),
reconhece as leguminosas como uma Unica familia, com trés subfamilias (Faboideae,
Caesalpinioideae e Mimosoideae).Espécies de leguminosas podem ocorrer desde florestas
pluviais luxuriantes até desertos, desde areas quentes equatoriais até proximo aos polos. Variam
desde pequenas ervas até arvores em florestas tropicais Umidas (QUEIROZ, 2009).

Esta familia é conhecida devido ao seu sucesso em associar-se com bactérias fixadoras de
Nitrogénio, que inclui as ordens Fabales (onde as leguminosas se encontram), Rosales,
Curcubitales e Fagales. Em nenhum outro grupo esta associacdo € tdo bem desenvolvida.
(QUEIROZ, 2009).

A familia Leguminosae pode ser caracterizada por uma combinagao de caracteristicas: folhas
alternas, compostas, com estipulas; flores pentdmeras, periginas ou hipdginas, diclamideas,
diplostémones, apresentando ovario supero, unicarpelar, unilocular, com os dvulos inseridos de
forma alterna em uma placenta marginal. Existem excecOes para praticamente todas estas
caracteristicas (QUEIROZ, 2009). Espécies arbOreas apresentam porte variavel a depender das
condigdes locais. Frequentemente uma mesma espécie pode ser encontrada como uma arvore de
grande porte, com 15 a 20m de altura em &reas com estacdes seca mais curta e solos de maior
fertilidade. Isso pode ser observado em muitas espécies, como Anadenanthera colubrina,
Pyterogynenitens e Geoffroeaspinosa(QUEIROZ, 2009).
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3.3.1A espécie Anadenanthera colubrina var.cebil

Anadenanthera colubrina (Vell.) Brenan var. cebil (Griseb) pertence a familia Leguminosae,
subfamiliaMimosideae eocorre em florestas estacionais,distribuindo-se do nordeste do Brasil na
Caatinga e em florestas estacionais ao longo das bacias do Paraguai e Parana, no sul do Brasil.
Ocorrem também na Argentina, Bolivia e Equador (LEWIS et al., 2005; PRADO; GIBBS, 1993)

Anadenanthera é um pequeno género, de acordo com a classificagdo Alstchull (1964) o
género apresenta duas espécies e sdo bastante semelhantes sendo diferenciadas por caracteristicas
cripticas sdo elas: Anadenanthera colubrina var cebil ou var colubrina e Anadenanthera
peregrina var peregrina ou var falcata.(QUEIROZ, 2009).

A diferenca entre Anadenanthera colubrina e Anadenanthera peregrina é na localizagdo da
bractea involucral, na superficie do fruto, sendo a primeira lisa e a segunda verrucosa e na
auséncia da glandula apical nas anteras de A. peregrina. (QUEIROZ, 2009).

Anadenanthera peregrina ndo é uma planta muito caracteristica da Caatinga, diferentemente
da A. colubrina onde séo reconhecidas duas variedades de ocorréncia na vegetagdo, séo elas: var
colubrina e var cebil. A analise mais recente desta espécie feita por Alstchull (1964) a identifica
como Anadenanthera colubrina var cebil(Griseb.) Alstchull. Outros nomes podem ser relatados e
sdo considerados sinénimos, sdo elas: Acacia cebilGriseb; PeptadeniamacrocarpaBenth.,
Peptadeniamacrocarpavar cebil(Griseb.) Chodart&Haals.; Anadenanthera macrocarpa(Benth.)
Brenan, Kew Bull(QUEIROZ, 2009; WEBER et al., 2011).

Anadenanthera colubrina var cebil é conhecida popularmente por Angico Branco, Angico,
Angico de Carogo, Angico de Casca , Angico Vermelho, Angico Verdadeiro, Angico Jacaré
(QUEIROZ, 2009; WEBER et al., 2011).

H& relatos populares de que as cascas do angico sdo utilizadas para o tratamento de
inflamacGes em geral e para tratamento de doengas respiratorias (AGRA et al., 2008
ALBUQUERQUE et al., 2008). Frutos sdo conhecidos por suas propriedades alucindgenas e em
concentracGes mais altas como veneno (AGRA et al., 2008). Folhas ou partes aéreas sdo usadas
para tratar anemia, inflamagdes em geral, cancer etc (ALBUQUERQUE et al., 2008).



Figura 2. Viséo geral de Anadenanthera colubrina conhecida como Angico.

Fonte: Vinicius Lubambo (cnip.org.br)
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3.3.2 Atividades bioldgicas e a espécieAnadenanthera colubrina

A literatura aborda diversos estudos e evidencia seu amplo potencial de aplicacdo em
diversas areas. Silva-Filho (2007) estudou extratos aquosos e etandlicos procedente da casca do
Angico Preto (Anadenanthera sp) e testou contra carrapatos do género Boophilus.Os dois extratos
apresentaram propriedade larvicida, sendo o extrato etandlico mais promissor, apresentando 85%
da mortalidade nas concentragfes 12,5 mg/mL, 6,25 mg/mL e 1,56mg/mL. Tokarnia et al. (1999)
se propuseram a estudar a intoxicacdo cianidrica em bovinos promovida por A. colubrina, eles
analisaram que as folhas de A. colubrina sdo mais toxicas quando em brotos do que maduras e
que sua toxicidade é perdida lentamente quando dessecadas. Os autores sugerem que seus estudos
tém valor apenas relativo na avaliacdo de glicosideos cianogénicos em material vegetal. Brito et
al. (2000) testaram em coelhos a toxicidade das folhas secas e armazenadas durante 4-6 meses
sob as formas de saco de algodédo e embalagens de vidro. A toxidade neuromuscular em coelhos
foi observada em folhas dessecadas e armazenadas, no entanto, a dose letal foi visualizada nas
folhas em fase de brotagdo (6g/kg). Luna et al. (2004) encontraram resultados positivos nas
atividades larvicida e moluscicida com o extratato da casca do angico.

Desmadechelier et al (1999) relatam atividade antioxidante para os extratos metandlicos e
hidroalcodlicos da casca de A. macrocarpa(sindbnimo para Anadenanthera colubrina)sendo o
extrato metan6lico mais ativo. Seu extrato aquoso se mostrou ativo contra o ion peroxila
sugerindo que estas propriedades possui papel na atividade anti-inflamatoria. Campos e
colaboradores (2014) visualizaram atividade antimicrobiana no extrato metandélico do fruto de A.
colubrina, da qual foi submetida a fracionamento com solventes de diferentes polaridades, a
fragdo mais ativa (solivel em hexano) foi submetida a fracionamentos posteriores por
cromatografia em coluna de silica gel que permitiram isolar seis substancias, das quais trés
apresentaram atividade antifungica in-vitro contra Alternaria alternata.Por RMN foi possivel
elucidar apenasduas estruturas responsaveis pela atividade, B-sitosterol e Linoleato de -
sitosterila. Da Silva et al (2013a) relataram atividade antimicrobiana do extrato hidroalc6olico
originado do fruto frente a Staphylococcus aureus com halos de inibicdo de 14.67 + 0.57,
concentracdo inibitéria minima de 1,56 mg/mL e concentragdo bactericida minima de 6,25
mg/mL. Estes mesmos autores relataram atividade antioxidante, protetora de DNA e de efeito
sinérgico com eritromicina frente a S. aureus (DA SILVA et al, 2011; 2013a, 2013b). Trentin et
al. (2013) visualizou inibicdo de formacdo de biofilme porPseudomonasaeroginosautilizando
extratos aquosos e fracdo rica em taninos originados da casca de A. colubrina.

Anadenanthera colubrina teveseu potencial anti-inflamatério confirmado por Gutierrez-
Lugo et al. (2004). Um novo flavondidefoi isolado das partes aéreas de A. colubrina
(Anadanthoflavone) com capacidade de inibir in vitro a lipoxigenase de plaquetas e reticuldcitos
humanos e a lipoxigenase da soja. Moretdo et al (2003) estudaram as propriedades
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imunomoduladoras do complexo heteropolissacarideo de A. colubrina, rico em arabinose e
galactose, denominado ARAGAL, em macrdfagos peritoniais. Os autores observaram que 82%
dos macrofagos foram ativados na presenca de 300 pg/mL de ARAGAL apos 24 h de incubacgdo
e 91% apoOs 48 h. Adicionalmente, 25 pg/mL de ARAGAL foram suficientes para induzir a
capacidade fagocitaria a0 maximo. Estes mesmos autores também sugerem a possivel
participacdo do ARAGAL como mediador de resposta imunoldgica frente a tumores (Moretdo et
al., 2004) Lima et al.(2014) relataram atividade antimicrobiana para Candidaalbicanscom
concentracdo inibitoria minima de 0,03mg/mL tanto para o extrato hidroalcodlico quanto para a
fracdo acetato de etila da casca de A. colubrina. Estes mesmos autores relataram atividade
antitumoral e antibiofilme.
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3.3.3 Metabdlitos isolados e a espécieAnadenanthera colubrina

De acordo com a revisdo realizada por Weber e colaboradores (2011), identificaram 1306
estudos (encontrados através das plataformas: ScienceDirect, SCIRUS, LILACS, SciELO,
SCOPUS, MEDLINE e SciFinder) utilizando como palavra-chave Anadenanthera colubrina e
suas sinonimias, apenas 6 destes trabalhos isolaram compostos (figura 4) e atribuiram a alguns
deles alguma atividade bioldgica. 10 apenas relataram alguma atividade bioldgica e 18 estudos
resumiram-se ao mapeamento do uso de plantas medicinais das quais A. colubrina esta entre uma
das mais relatadas. Foram, na revisdo de Weber et al (2011), excluidos os trabalhos duplicados
nas bases de pesquisa, bem como os artigos que tinham como o objetivo restrito ao estudo
genético, paleontoldgico, ecoldgico ou botanico sem demonstrar interesse quimico, medicinal ou
etnofarmacoldgico. Outra revisdo de literatura sobre o potencial biolégico de A. colubrina
realizado por Silva e colaboradores (2012) enfatiza apenas dois autores(GUTIERREZ-LUGO et
al., 2004; MORETAO et al., 2003) também citado por Weber et al. (2011), estes dois autores sao
responsaveis pelo maior acervo de isolamento sobre esta espécie ja encontrada até 0 momento.
Recentemente, Campos et al. (2014) isolaram e elucidaram duas estruturas , [-sitosterol e
Linoleato de B-sitosterila das quais foram atribuidas potencial antimicrobiano.

Figura 3. Estrutura dos metabdlitos isolados de Anadenanthera colubrina segundo revisdo de
Weber et al. (2011) e Silva et al (2012).
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Figura 4. (Cont). Estrutura dos metabdlitos isolados de Anadenanthera colubrina segundo

revisdo de Weber et al. (2011) e Silva et al (2012).
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3.4 Resistencia aos Antimicrobianos

O processo de sintese comercial de antibidticos e sua administracdo terapéutica
deu inicio apds a descoberta da penicilina e das sulfamidas em 1928 e 1832
respectivamente. Ao longo do tempo estes farmacos contribuiram para o controle de
infeccdes (LIVERMORE, 2003).

No entanto, o impacto causado pelos antibidticos na satde vai aléem de seus
beneficios, pois sua a¢éo na vida microbiana ao longo dos anos determinou no surgimento
de agentes patogénicos resistentes a esses e outros medicamentos (KUMMERER, 2003).

O aparecimento da resisténcia antimicrobiana é uma consequéncia da sua
utilizacdo. Enquanto que os antibidticos sdo necessarios para curar algumas infeccgdes, o
seu uso indevido ocorre, de forma significativa sob a forma do uso abusivo e
desnecessario, aumentando a pressdo seletiva sobre as bactérias para que desenvolvam
resisténcia. A ameaca da saude publica devido ao crescimento da resisténcia
antimicrobiana € impulsionada tanto pelo uso adequado como inadequado de
medicamentos anti-infecciosos utilizados na saide humana e animal bem como no uso de
antibioticos em grandes quantidades para a producéo de ragdo animal (WHO, 2012).

Os antibioticos atuam através da inibigdo de processos essenciais & multiplicagdo
da célula bacteriana e a sua sobrevivéncia. Podem ser classificados em diferentes grupos
em funcdo da sua estrutura alvo na célula bacteriana, diferenciando-se em inibidores da
membrana citoplasmatica, inibidores da sintese de acidos nucleicos, inibidores de sintese
proteica e inibidores da sintese da parede celular (MURRAY et al., 2005).

Os antibidticos f-Lactdmicos destacam-se dos demais pela sua relevancia na
terapia clinica por ndo serem tdxicos ao homem; esta propriedade estd associada ao seu
mecanismo de ac¢do. Os B-Lactdmicos agem em uma estrutura que existe unicamente nas
bactérias, o peptidoglicano (DIAS, 2009). Fazem parte o grupo B-Lactdmicos a classe
penicilina e suas subclasses (exemplo: penicilina, amoxicilina, ampicilina, piperacilina,
ticarcilina, meticilina, oxacilina), a classe Cefemes e suas subclasses (exemplos:
cefalotina, cefuroxima,cefotaxima,cefoxitinaetc), a classe dos monobactamicos e dos
penemes (DIAS, 2009).

Os B-Lactamicos agem nas PBPs (proteinas de ligacdo de penicilina), proteinas
que mantém a estrutura de peptidoglicanos, impedindo sua sintese,desencadeam a lise da
célula bacteriana (MURRAY et al., 2005).

Os organismos procariontes podem apresentar um de trés fendtipos: resisténcia
intrinseca, resisténcia adquirida ou susceptibilidade. A resisténcia intrinseca é a
resisténcia natural exibida por todos os exemplares de determinada espécie. Como
exemplo, os organismos do género Enterobactersdo naturalmente resistentes a cefoxitina,
fendtipo que surge devido a producdo de uma p-lactamaseAmpC cromossdmica
(CAVALHO et al.,, 2008; HONORE et al.,, 19986). A resisténcia adquirida aos
antibioticos pode resultar da mutacéo de genes reguladores ou estruturais, da aquisicdo de
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genes de resisténcia veiculados por elementos genéticos moveis (tais como plasmideos)
ou da combinacdo de ambos mecanismos. A resisténcia adquirida ndo estard presente em
todos os individuos de uma mesma espécie, existira apenas nos individuos de uma
linhagem bacteriana que derive de um organismo susceptivel (HARBOTTLE et al., 2006).
A resisténcia aos antibidticos B-lactamicos pode resultar de modificagbes do alvo
do antibidtico (PBPs), impermeabilidade da membrana citoplasmatica, existéncia de
proteinas de efluxo ou ainda inativagdo enzimatica do antibiético (NIKAIDO, 2009).

A Organizagdo Mundial de Saude publicou em 2001 sua estratégia global para
combater a resisténcia antimicrobiana e no dia mundial da saide de 2011 convidou 0s
paises a aderirem a um pacote de politicas, dentre eles destacam-se: regulamentacéo e
promocao do uso racional de medicamentos na pecudria e garantia de cuidados adequados
a0 paciente; aprimoramento da prevencgao e do controle de infec¢des (WHO, 2012).

A estratégia global da OMS de 2001 para a contengdo da resisténcia destaca a
capacitacdo, apoio a escolha de tratamentos baseados nos melhores servicos de
diagnostico e formas de tratamento encorajando restricdes a prescri¢do, instituindo
auditorias e feedback nas prescri¢cGes e implementando regulamentos para a qualidade,
promocdo e a distribuicdo de medicamentos. A OMS reconhece que para colocar essas
medidas em préatica é frequentemente problematica, a reducdo do uso desnecessario de
antibidticos é importante, no entanto também é necessario que se assegure 0 uso de
medicamentos essenciais para aqueles que necessitam (WHO, 2012).
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ABSTRACT

Background:Anadenanthera colubrina (Vell.) Brenan var. cebil (Griseb) is a plant widely used
for medicinal proposes in Brazilian Northeast. Objective:This study aimed to analyze the
influence of rainfall indexes in antimicrobial activity and phytochemical constituents of extracts
from leaves and fruits of A. colubrina. Material and Methods: Samples were collected in
Catimbau National Park (Buique, Pernambuco, Brazil) at September 2010 and January, April and
June 2011, which showed rainfall index of 75 mm, 65 mm, 162 mm and 73 mm, respectively.
The extracts were prepared by Soxhlet extraction using cyclohexane, chloroform, ethyl acetate
and methanol. The antimicrobial activity was determined by MIC and MBC values. Results: All
extracts showed antimicrobial activity, but ethyl acetate extracts (from all periods) were more
active. Strong correlations were found between the RI and the average MIC of MLE (p: -0.99),
EALE (p: -0.81), CHFE (p: -0.81), EAFE (p: -0.80); while moderate and weak correlations were
found for other extracts. Through a HPLC analysis was possible to reveal that the samples
collected from dry periods had more chemical diversity (as they presented more peaks). Gallic
acid and quercetin (and derivative compounds) were identified. The levels of quercetin were
enhanced in extracts from dry months. Conclusion:Our results showed that the rainfall has a
positive effect on the antimicrobial activity of leaves and fruits of A. colubrina and the variation
of some metabolites, mainly quercetin. Other studies should be performed in order to identify the
active compounds and to evaluate the effects of other environmental factors.

INTRODUCTION

The World Health Organization (WHO) has been drawing attention to the increasing problem
of microbial resistance to conventional antibiotics for more than a decade, and has encouraged
research on medicinal plants, especially those from under-exploited biomes, such as the Caatinga,
a unique biome from Northeast of Brazil.[1] The people of northeastern Brazil use hundreds of
plant species form medical purposes, such as the control of microbial infections [2] [3]. For some
of those, scientific evidence for this therapeutic potential could be found [4-7].In recent years, the
ethnomedicinal knowledge has stimulated several studies about the pharmaceutical potential of
natural products of northeastern Brazil. [8] This is justified by the fact that the intrinsic features
of this biome (drought, high solar radiation rates and other environmental stresses) influence the
synthesis of secondary metabolites of Caatinga plants, [9] making them attractive targets for
bioprospecting programs. [10]

In traditional medicine, Anadenanthera colubrina (Vell.) Brenan var. cebil (Griseb) Alstchull
(1964), popularly known as Angico (synonyms: Acacia cebilGriseb. Goett. Abh (1874),
PeptadeniamacrocarpaBenth. J. Bot (Hooker) 1842, Anadenanthera macrocarpa(Benth.)
Brenan, Kew Bull. 10:182. 1955), [11] is frequently used by inhabitants of the Caatinga biome to
treat anemia, cancer and inflammatory diseases. [2] [3] Previous studies demonstrated the
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antimicrobial potential of leaves and fruits of this plant, especially against Staphylococcusaureus
. [4-6] [12] In this context, the present study aims to analyze the effects of rainfall on the
antimicrobial activity and secondary metabolites contents of leaves and fruits of
Anadenantheracolubrina. For this reason, samples of the months September, January, April and
June were compared.

MATERIAL AND METHODS

Plant material and extract preparation

Leaves and fruits of a single individual of A. colubrinawere collected at Catimbau National Park
(Buique, Pernambuco, Brazil) at September 2010 and January, April and June 2011. The rainfall
index for this months were 75 mm, 65 mm, 162 mm and 73 mm, respectively (as provided by
Agronomic Institute of Pernambuco; IPA/PE). The voucher specimen (IPA 84.039) is deposited
at IPA/PE. The plant material was dried at 45°C and after 3 days milled to a fine powder in a
Macsalab Mill (Model 200 LAB, Eriez® Bramley), and stored at room temperature in closed
containers in the dark until used.

Samples (100g) from each tissue were subjected to Soxhlet extraction using an eluotropic series
of solvents in the following order: cyclohexane, chloroform, ethyl acetate and methanol. All
samples were subjected to saturation at reflux for 24 hours. After this time, the extracts were
filtered (Whatman filter paper No 1). Solvent was completely removed from all extracts from
leaves (L) or fruits (F) (cyclohexane: ChLE and ChFE; chloroform: CLE and CFE; ethyl acetate:
EALE and EAFE: methanol: MLE and MFE) on a rotating evaporator at 45° under reduced
pressure and stored for later antimicrobial and phytochemical analyses.

Antimicrobial assays

Microorganisms

The microorganismsused in this work were provided by Culture Collection UFPEDA
(Department of Antibiotics, UFPE), consisting of: Staphylococcus aureus (three strains;
UFPEDA 02, 733 and 709), Bacillus subtilis (UFPEDA 86), Escherichia coli (UFPEDA
224),Klebsiella pneumoniae (UFPEDA 396) and Pseudomonas aeruginosa (UFPEDA 416).
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Determination of minimal inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC)

The minimal inhibitory concentration(MIC) was determined by the microdilution method. [12]
Twofold serial dilutions of each extract (initial concentration: 50 mg/mL) were prepared in
Miiller-Hinton broth (MHB) and 10 pL of bacterial suspension (approximately 1.5 x 10°
CFU/mL) were added. The samples were incubated for 24 h at 37°C. Resazurin solution (0.01%)
was used as an indicator by color change visualization: any color changes from purple to pink
were recorded as bacterial growth. The lowest concentration at which no color change occurred
was taken as the MIC. Afterwards, cultures were seeded in MHA and incubated for 24 h at 37°C
to determine the minimum bactericidal concentration (MBC), which corresponds to the minimum
concentration of the sample that eliminated the bacteria.

Phytochemical Analysis

Thin layer chromatography (TLC) analysis

The qualitative phytochemical analysis was performed by Thin layer chromatography (TLC)
using aluminum-precoated plates of silica gel 60 F254 (Merck®) and adequate visualization
techniques (Dragendorff, NEU-PEG, KOH-Ethanol, Liebermann-Burchard, vanillin-sulfuric acid
and others reagents, according to the respective method). [13]

High-performance liquid chromatography (HPLC) analysis

Investigations of phenolic content were performed by a High-performance liquid chromatography
system (HPLC; ProStar, Varian) which is comprised by a quaternary pump, diode array detector,
auto-sampler. The reagents used were acetonitrile HPLC grade (Panreac®) and acetic acid
(Vetec®). Water was purified through a milli-Q (Merck®) systen.. Phenolic compounds were
analysed on a Phenomenex C18 column (250 x 4.6 mm, 5 um), applying mobile phase gradient
of acidified water (0.3% acetic acid) (solvent A) and acetonitrile (B) as follows: Linear gradient
from 10 to 20% (B) from O to 10 min; and linear gradient from 20 to 28% (B) from 10 to 60 min.
The flow rate was kept constant at 0.8 mL/min and detection was in the range of 190 to 450 nm.
Phenolic compounds were identified by comparison of their retention times and their absorption
spectra of ultraviolet light (UV). Gallic acid, chlorogenic acid, ellagic acid, rutin and quecertin
were used as standard compounds (all purchased from Sigma-Aldrich).
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Statistical analyses

Statistical analyses were performed by One-way analysis of variance (ANOVA). All analyses
were carried out using software GraphPrism, version 4. The correlation indices were calculated
using the Pearson coefficient (p). Only for correlation between Rainfall Index and MIC values a
negative p -value is considered as direct correlation.

RESULTS

Effect of rainfall on the antimicrobial activity of Anadenanthera colubrina

All extracts from of A. colubrina showed antimicrobial activity, being more active against gram-
positive organisms (Table 1). Most tested bacteria were more sensitive to ethyl acetate extracts
(from all periods). Taking into account the results for Gram-positive bacteria (all S. aureus strains
and B. subtilis), ethyl acetate extracts from leaves showed the lowest average MIC values (1.06
mg/mL), this value was significantly lower than those observed for other extracts (p <0.05). In
the same way, among fruits extracts, the lowest average of MIC values were found to ethyl
acetate extracts (17.50 mg/mL), however no significant differences were observed between the
results. For this reason, the ethyl acetate extracts were selected for chemical analysis.

Regarding the effect of the collection period on antimicrobial activity, the lowest MIC values
were observed in the months with the highest rainfall index (RI) for extract from both tissues
(Table 1). Strong correlations were found between the RI and the average MIC of MLE (p: -
0.99), EALE (p: -0.81), CHFE (p: -0.81), EAFE (p: -0.80); moderate correlation was observed for
CLE (p: -0.62); while weak correlations were found for CFE (p: -0.48), MFE (p: -0.42), and
CHLE (p: -0.27).

Effect of rainfall onphytochemical compositionofAnadenantheracolubrina

It was observed by TLC analysis that the ethyl acetate extracts from both tissues exhibited
flavonoids, cinnamic derivatives, terpenes, cyanogenic glycosides and proanthocyanidins.
Whereas TLC assays did not show qualitative differences between the extracts obtained from
leaves or fruits (Table S1), we were able to detect 15 phenolic compounds with different
retention time (Rt) and UV spectra in HPLC chromatograms. The concentration of these
compounds varied with tissue and rainfall index.

The extracts from fruits showed more compounds than those from leaves: peaks 2 and 5 were
found at all fruits samples, EAFEL had the highest chemical phenolic diversity as 13 peaks were
detected against 10 peaks for EAFE2, EAFE3 and EAFE4. Some compounds showed differential
qualitative: peaks 3 and 4 were only detected on EAFEL, and peak 6 had maximum detection on
September (EAFEL); while peaks 8, 12 and 15 apparently were more found in April and January
(Figure 1).
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Regarding the qualitative results for leaf extracts, EALE2 showed the highest number of peaks
(8). Only two peaks were specific for EALE2 (12 and 13) and peak 14 was only absent for
EALEL; the others were present in all extracts. However, quantitative differences for some
compounds contents could be observed, for example, peak 1 was larger in January, and peak 15
in September and January (Figure 1).

The identity of gallic acid (peak 1) and quercetin (peak 15) were confirmed by co-injection of an
internal standard for each compound (Figure S1). Some compounds (peak 10 and 11) are
presumably are quercetin derivatives due to the close similarity in the UV absorption spectra
(Figure S2). Gallic acid, quercetin (and its derivatives) had already been detected in the extracts
from A. colubrina. [6] [21] Antimicrobial activity of plants is commonly attributed to these
compounds. [14-16]

DISCUSSION

This work analyzed the effects of rainfall on the antimicrobial action and phytochemical
constituents of extracts from leaves and fruits of A. colubrina. This plant has been subject of
several studies about its pharmaceutical potential. [4-7] [12] [17] In our previous studies the
antimicrobial action of extracts and fractions from leaves and fruits of A. colubrina was reported
against Gram-positive bacteria, and no activity was observed against Gram negative bacteria. [4-
6] [12] In the present work we employed a different extraction method, by which we obtained
extracts with activity against tested Gram negative bacteria. Anyway, the best activity was found
against S. aureus and B. subtilis, and ethyl acetate extracts had the best activity. It is also
important to highlight that some variation on antimicrobial activity of products derived from A.
colubrina has been found according with area of cultivation. For example, extracts derived of
samples from Cerrado biome did not show antagonist activity, [18] while others from Caatinga
area were able to inhibit microbial grow. [19]

Since the production of secondary metabolites is influenced by environmental conditions (such as
temperature, soil composition, solar irradiation, water availability), we attempted to evaluate the
influence of rainfall on the antimicrobial action and chemical composition of extracts from both
leaves and fruits. First we analyzed the variation on antimicrobial activity of those extracts. We
correlated the RI for each month where the collection was performed with the MIC average
obtained. Strong correlations were found for most of extracts. There is no consensus on the effect
of rainfall index in the biological activity of plants, both positive and negative correlations are
reported. [20] [21] Our results corroborate with several reports which showed a positive effects
of rainfall and the biological activity of plant extracts. [20] [21]

The influence of rainfall on the phytochemical composition of A. colubrina extracts was first
analyzed by TLC based assay. In general, we observed the same composition reported in our
previous work. [12] It was not noted qualitative differences between the extracts prepared in each
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period. Thus, we attempted to perform a HLPC analysis which revealed some quantitative
differences: the samples collected from dry periods had more diversity (as they presented more
peaks). Some compounds were identified: gallic acid (peak 1), quercetin (peak 15) and two
quercetin derivatives (peaks 10 and 11). In addition, quercetin levels increased in those extracts
from dry months. Enhanced levels of quercetin have been reported to other plants during dry
seasons. [22] This result could be explained by the well-known photoprotective effect of
quercetin. [23]

CONCLUSION

Our results showed that the rainfall has a positive effect on the antimicrobial activity of leaves
and fruits of A. colubrina and the variation of some metabolites, mainly quercetin. Other studies
should be performed in order to identify the active compounds and to evaluate the effects of other
environmental factors (such as soil conditions, solar radiation, relative humidity and
temperature). These analyses may direct for the best collection time for obtain antimicrobial
products derived from A. colubrina which can be applied for biomedical purposes.
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Table 1. Antimicrobial activity of ethyl acetate extracts from leaves and fruits of Anadenanthera

colubrina.
. . September January April June
Tissues Strain MIC __MBC __MIC__MBC___MIC__MBC __MIC __ MBC
S.aureus 02 0.390 6.25 0.781 125 0.195 0.781 0.390 1.562
S. aureus 733 0.781 3.125 0.781 25 0.390 0.781 6.25 125
L eaves S.au reus.709 1.562 50 1562 >50 0.781 3.125 0.390 125
E. coli 6.25 6.25 6.25 50 0.390 >50 6.25 25
P. aeruginosa 3.125 6.25 6.25 50 125 125 0.781 6.25
B. subtilis 0.781 1.5625 0.781 50 0.390 0.390 0.781 >50
K. pneumoniae 25 >50 25 >50 1.562 6.25 25 >50
S.aureus 02 0.390 3.125 0.390 125 0.097 0.390 0.781 >50
Fruits S. aureus 733 0.781 3.125 1.562 6.25 0.390 0.781 1.562 3.125
S. aureus 709 0.193 6.25 1.562 6.25 0.195 0.781 0.019 0.039
E. coli 6.25 6.25 6.25 6.25 0.195 >50 6.25 6.25
P. aeruginosa 1.562 1.5625 1562 3.125 6.25 125 6.25 6.25
B. subtilis 0.781 3.125 0.781 50 0.195 0.390 0.390 6.25
K. pneumoniae 25 >50 25 >50 0.781 >50 6.25 6.25

Results are expressed in mg/mL
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Table S1. Phytochemical profile of ethyl acetates from leaves and fruits of Anadenanthera
colubrina.

Class of secondary Anandenanthera colubrina var.Cebil
metabolite Leaves Fruits
Sep/10 Jan/11  Ab/11 Jun/11  Sep/10 Jan/11 Ab/11 Jun/11
Flavonoids ++ ++ ++ ++ ++ ++ ++ ++
CinnamicAcidDerivatives  traces traces  traces  traces ++ ++ ++ ++
Triterpenes and Steroids + + + + + traces  traces  traces
Mono and Sesquiterpenes - - - - - - - -
Alkaloids - - - - - - - -

Proanthocyanidins ++ ++ ++ ++ +++ +++ +++ +++
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Figure 1: HPLC-UV chromatograms of phenolic compounds from ethyl acetate extracts of leaves and fruits of
Anadenanthera colubrina collected at September 2010 (A), January 2011 (B), April 2011 (C), June 2011 (D). I
Chromatogram from fruits detected at 280 nm; 11: Chromatogram from fruits detected at 340 nm; I11:
Chromatogram from leaves detected at 280 nm; I\V/: Chromatogram from leaves detected at 340 nm.
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Figure S1: HPLC-UV chromatograms of quercetin (A), gallic acid (B), quercetin + ethyl acetate extracts of A.
colubrina leaves (C) and gallic acid + ethyl acetate extracts of A. colubrina leaves (D). Detection at 340 nm.
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Figure S2: UV spectra analysis of the main peaks. Peak 1:gallic acid (UV 268nm); peaks 10 e 11: quercetin
derivatives (UV 257 353nm) and peak 15: quercetin (UV 257 371nm
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ANEXO

Comparative analysis of anti-Staphylococcus aureus action of leaves and fruits of
Anadenanthera colubrina var. cebil(Griseb.) Altschul

Artigo publicado na Revista “AfricanJournalofMicrobiologyResearch”, volume 8, issue 28,
paginas 2690- 2696, Julho 2014
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This study evaluated the antimicrobial activity against Staphylococcus aureus and
phytochemical constituents of leaves and fruits of Anadenanthera colubrina var. cebil.
the hemolytic action of active fractions was also checked. After a liquid-liquid partition
of hydroalcoholic extracts, the following fractions were obtained: cyclohexane (CFL),
ethyl acetate (EAFL), n-butanol (NBFL) and aqueous fractions (AFL) from leaves; and
cyclohexane (CFF), ethyl acetate (EAFF), n-butanol (NBFF) and aqueous fractions from
fruits (AFF). The antimicrobial action of these samples was evaluated by microdilution
assay against seven clinical isolates of S. aureus and the standard strain. Finally, the
hemolytic activity of active fractions was checked. Phytochemical analysis detected the
presence of triterpene, carbohydrate (leaves); flavonoids and tannin (fruit and leaves).
All samples showed ant-S. aureus action and the most active fractions were EAL and
EAF. The MIC ranged from 0.78125 to 6.25 mg/mL (EAFL) and 0.390625 to 1.5625
mg/mL (EAFL). Both fractions showed low toxicity since the HC50 values were greater
than MIC50 values: the ratio MIC50/HC50 for EAFL was 3.68 and 11.61 for EAFF.
Our work showed that A. colubrina is a potential source of anti-S. aureus molecules,
their isolation and characterization are target of new research of our group.

Key words: Anadenanthera colubrina, caatinga, antimicrobial activity, hemolytic activity.



INTRODUCION

The discovery of antibiotics in the 1930’s
revolutionized medicine in many respects,
completely change the scenario of
treatment of being developed at the pace
necessary to stay ahead of the natural
ability of bacteria to evolve and defend
themselves against antibiotics (WHO,
2012; Rodriguez-Roja et al., 2013). In the
face of this problem, the search for
bioactive molecules of natural origin has
intensified, and molecular structures of
secondary metabolism compounds have
been elucidated, such as the class of
flavonoids, tannins and other polyphenols
with antibacterial, antifungal and antiviral
properties (Cushnie et al., 2005; Newman
and Cragg, 2012; Daglia, 2012). Various
studies have shown that the synthesis of
these metabolites is mediated by factors
such as seasonality, availability of water,
ultraviolet radiation, temperature, altitude,
etc (Kroymann, 2011). The Caatinga
biome is seen as an attractive source of
bioactive molecules, as it presents extreme
variations in these factors and it has a
unique plant formation. This biome is
located in northeastern Brazil, extending
from 2°54° to 17°21°S and its size is
estimated at 800,000 km2. As compared to
other Brazilian ecosystens, the Caatinga
has many extreme characteristics among
climatic patterns: the highest solar
radiation, low cloud cover, the highest
annual average temperature, the lowest
rates of relative humidity, higher potential
evapotranspiration  and, above all,
precipitation limited to a very short period
of the year (Mello et al., 2012).

One of the species found in this biome is
Anadenanthera colubrina var.
cebil(Leguminosae — Mimosoideae) which
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occurs mainly in seasonal forests,
distributed  in  northeastern  Brazil
(Maranhdo to Minas Gerais) in Caatinga as
well as in southern Brazil in seasonal
forests within the basins of the Paraguay
and Parand Rivers. It also occurs in the
northeastern and northwestern Argentina,
southeastern and southwestern Bolivia and
the southern region of Ecuador (Soldati
and Albuquerque, 2010).

The most recent analysis of this species
was made by Alstchull (1964), in which A.
colubrina var. cebil(Griseb.) Alstchul was
described. Other names have been
reported, such as: Acacia cebilGriseb.,
Goett. Abh. 19:136.1874,
PeptadeniamacrocarpaBenth., J. Bot.
(Hooker) 4:341.1842; P. macrocarpavar.
cebil(Griseb.) Chodart&Haasl., Bull. Herb.
Boiss. ser. 2, 4:560. 1904; Anadenanthera
macrocarpa(Benth.) Brenan, Kew Bull.
10:182.1955 (Queiroz, 2009). A. colubrina
var.  cebilispopularlyknownas  angico,
angico-preto, angico-verdadeiro, angico-
jacaré,  angico-de-caroco  andangico
vermelho (Queiroz, 2009). Bark of A.
colubrina var. cebil(Griseb) Alstchull is
used for the treatment of bronchitis; the
fruits can be used as hallucinogens; while
the leaves have shown no evidence of
medicinal use (Agra et al., 2008)

Previous studies of crude extracts of
angicohave been restricted to the bark due
to its wide popular use (Table 1) (Palmeira
et al., 2010; Pessoa et al., 2012). Our group
was the first to find evidence for the
antimicrobial and antioxidant activity of
crude extracts of the fruit of A. colubrina
(Da Silva et al., 2011, 2013a, b; Silva et
al., 2012). Our group was also the first to
analyze the inhibition of bacterial biofilms
with leaves, fruit and bark of A. colubrina,



finding the most significant activity from
the bark (Trentin et al., 2013). In this
context, the present study aims to analyze
the phytochemical profile of the crude
extract of leaves and fruits of A. colubrina
var. cebil, as well as elucidate the
antimicrobial potential of fractions from
both extracts and the hemolytic effects of
active fractions.

MATERIALS AND METHODS
Plant collection and plant storage

Leaves and fruits of A. colubrina var.
cebilwere collected in Parque Nacional do
Catimbau, Pernambuco, Brazil,
northeastern Brazil, in September 2010.
Botanical identification was made by the
staff of the Herbarium of Instituto de
PesquisaAgrondmica de  Pernambuco
(IPA), Brazil, and voucher specimens were
deposited in the herbarium (IPA 84.039).
Leaves and fruits were dried at room
temperature. The dried plants were milled
to a fine powder in a Macsalab Mill
(Model 200 LAB, Eriez®, Bramley), and
stored at room temperature in closed
containers in the dark until used.

Preparation of the crude
hydroalcoholic extract

Leaves and fruits of A. colubrina var.
cebilwere dried at room temperature for 7
days, ground into a fine powder and used
for extraction. The powder (20 g) from
each tissue (fruit or leaves) was mixed with
50 mL ethanol : water (7:3) and submitted
to agitation for 15 h. Then the extracts
were filtered and the powder residue was
mixed again with 50 mL ethanol-water and
the entire extraction process was repeated.
The supernatants collected were mixed in a
round bottom flask and concentrated at
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45°C (Silva et al., 2011). The residue was
dissolved in dimethyl sulfoxide (DMSO)
and kept at -20°C until use.

Phytochemical analysis

The phytochemical tests to detect the

presence  of  tannins, flavonoids,
anthocyanins, saponins, coumarins,
quinones, anthraquinones, reducing

compounds and alkaloids in each tissue
(fruit or leaves) were performed according
to the method described by Kokate (1994)
and Harborne (1998).

Fractionation of the hydroalcoholic
extract

The hydroalcoholic extract was dissolved
in water, producing a solution that was
submitted to successive liquid-liquid
partitions with cyclohexane, ethyl acetate
and n-butanol. The solutions produced
were dried in anhydrous Na2SO4 and
submitted to filtration under reduced
pressure. Thereafter, the solvents were
evaporated under reduced pressure in a
rotary evaporator oven at 60°C, producing
hexane, ethyl acetate and n-butanol phases
(Oliveira et al., 2012). The residues
obtained were kept at -20°C for future use.

Microbial strains

The antimicrobial activity of A. colubrina
var. cebilleaves and fruit extracts and
fractions was tested against the following



Table 1. Pharmacological potential of Anadenanthera colubrina.
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Tissue Traditional uses Scientific account Related compounds
Anemia, lung inflammation, . - Anadanthoflavone and other eleven
Leaves inflammations in general, cancer, Ilinhl bmg]:;g wﬁu%gpgiglgﬁie} ;2 - know compunds. Anadanthoflavone
or aerial  blood thinner and other ”Eggg enase and soybean lipoygenase.  aS found to be active against 12-
parts (Albuguerque et al, 2007). 1 (Gutiermez-Lugo et al _ 2004) Iégg?;genase (Gutierrez-Lugo et al.,
Larvicidal activity of seeds aqueous Farias et al.(2010) did not isolate
extract (Farias et al., 2010). compounds.
Hydroalcoholic extract from fruits:
' . Antioxidant activity and DMA protection
Fruits As narcofic and poison (Agra et al. capacities, inhibitory and synergetic ) ) )
2008). effects with erythromycin against 5. Quercetin and Rutin were detected in
aureus (Da Silva et al, 2011, 2013a, hydroalcoholic extract from fruits.
2013b).
Gum exudates: immunomodulatory and ﬁg‘:ﬂ‘is&‘:ﬁiﬁ;‘g;’;a&dﬁainmg
gsggj}mor activities (Moretao et al, 2003, mainly galactose and ‘arabinose
Treatment of coughs, whooping ’ residues.
coughs and bronchitis (Agra et al, Healing activity of alcoholic extract Probable compounds:quercetin
Bark 2008), lung inflammation, (Pessoa et al.. 2012). glycosides (Pessoa et al., 2012)

inflammations in general, cancer,
blood thinner and other
(Albuguerque et al, 2007).

Inhibition of Pseudomonas aeroginosa
biofilm for aqueous extract and tannin
fraction (Trentin et al., 2013)
Anti-inflammatory and antinociceptive
activities of aqueous extract (Santos et
al., 2013).

Proanthocyanidins (or condensed
tannins) were identified from A.
colubrina fraction (Trentin et al., 2013)

Santos et al. (2013) did not isolate
compounds.




Determination of antimicrobial activities
Disc diffusion method

Briefly, a sample 100 pyL of microbial
suspension (1.5 x 108 CFU/mL) were
spread in Petri plates containing MHA, and
sterile paper discs (containing 2000 pg of
extracts) were added. After 18 h of
incubation, the diameter of the zone of
growth inhibition was examined. Dimethyl
sulfoxide was used as the negative control
(Bauer et al., 1966).

Minimum inhibitory  concentration
(MIC) and the minimum bactericidal
concentration (MBC)

MIC was  determined by the
microdilution method (CLSI, 2011). A
two-fold,  serial  dilution of the
extract/fractions was prepared in Mueller-
Hinton Broth (MHB) and 100 pL
(approximately 1.5 x 108 CFU/mL) of
bacteria suspension was added. The sample
initial concentration was 50 mg/mL. The
samples were incubated for 24 h at 37°C.
Resazurin solution (0.01%) was used as an
indicator by color change visualization:
any color changes from purple to pink
were recorded as bacterial growth. The
lowest concentration at which no color
change occurred was taken as the MIC.
The MIC50 was defined as the MIC value
capable of inhibiting 50% of the isolates.
Afterwards, cultures were seeded in MHA
medium and incubated for 24 h at 37°C to
determine the MBC which corresponds to
the minimum concentration of
extract/fractions that eliminated the
bacteria.
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Table 2. Microorganisms provided by the Deparimento de
Antibidticos (UFPEDA).

UFPEDA  Origin Microorganism

100 ATCC Micrococcus luteus
224 ATCC 25922 Escherichia coll

396 ATCC 29665 Klebsiella pneumoniae
86 ATCC 6633 Bacillus subiilis

02 ATCC 6538 Staphylococcus aureus
630 Nasal discharge Staphylococcus aureus
663 Catheter Tip Staphylococcus aureus

697
679
709
730
733

Secretion of chest drain
Wound secretion
Catheter Tip

Nasal discharge

Bone fragment

Staphylococeus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus

microorganisms: S. aureus (UFPEDAD2), and some recently
isolated strains of 5. aweuws (UFPEDA 733, UFPEDA 730,
UFPEDA 709, UFPEDA 679, UFPEDA 697, UFPEDA 663 and
UFPEDA 630) (Table 2). All strains were provided by the
Departamento de  Antibidticos, Universidade Federal de
Pernambuco (UFPEDA) and maintained in Mueller-Hinton agar
(MHA) and stored at 4°C.

In vitro hemolytic assay

Blood (5 to 10 mL) was obtained from
healthy non-smoking volunteers by
venipuncture, after the obtaining a written
informed consent. Human erythrocytes
from citrated blood were immediately
isolated by centrifugation at 1500 rpm for
10 min at 4°C. After removal of plasma
and buffy coat, the erythrocytes were
washed three times with phosphate-
buffered saline (PBS; pH 7.4) and then
resuspended using the same buffer and a
1% erythrocyte suspension was prepared.
The hemolytic activity was tested under in
vitro conditions. Each tube received 1.1
mL of erythrocyte suspension and 0.4 mL
of extract of various concentrations (50 to
500 pg/mL). The negative control was only
solvent and the positive control received
0.4 mL of Quillajasp. saponin (0.0025%).
After incubation of 60 min at room
temperature, cells were centrifuged and the
supernatant was used to measure the
absorbance of the



Liberated hemoglobin at 540 nm. The
average value was calculated from
triplicate assays. The hemolytic activity
was expressed in relation to saponin
activity, and calculated by the following
formula (Oliveira et al., 2012): Hemolytic
activity (%) = (As-Ab)x100/(Ac-Ab);
where Ab is the absorbance of the control
(blank, without extract), As is the
absorbance in the presence of the extract
and Ac is the absorbance of the saponin
solution.

Statistical analysis

Each experiment was performed in
triplicate and results are expressed as the
mean + standard deviation (SD). Statistical
analysis was performed by Student’s t-test.
Differences were considered significant at p
<0.05. The correlation indices were
calculated using the Pearson coefficient (p).
The concentration needed for 50% of
hemolysis (HC50) was estimated using
linear regression analysis.

RESULTS

This study provided a comparative analysis
of the antimicrobial activity of leaves and
fruits of A. colubrina against S. aureus.
Our previous works have demonstrated
that crude hydroalcoholic of both tissue are
active against Gram-positive bacteria, such
as S. aureus (Table 3). To identify the
groups of molecules that likely participate
in this inhibition, phytochemical tests were
performed and the presence of tannins,
flavonoids, proanthocyanidins, triterpenes
and sugars were verified in the crude leaf
extract of A. colubrina var. cebil. In the
crude extract of the fruit, it was possible to
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verify the presence of tannins and
flavonoids (Table 4). The following steps
for a better elucidation of this activity
involved semi-fractionation of crude
extracts by the cold liquid-liquid method.
The MIC values for the fractions derived
from the leaf ranged from 25 to 0.781
mg/mL and the MBC ranged from 3.125 to
>25 mg/mL against different strains of S.
aureus (Table 5). Of the strains tested,
62.5% were sensitive to the cyclohexane
fraction (CFL) at a concentration of 1.562
mg/mL, 87.5% were sensitive to the ethyl
acetate fraction (EAFL) at concentration of
< 1.562 mg/mL, 57.1% were sensitive to a
concentration of 0.781 mg/mL. The values
of MBC were considered high in
comparison with the MIC found and
ranged

DISCUSSION

The choice of working with clinical strains
of S. aureus was based on academic and
medical concern. S. aureus is a commensal
bacterium that colonizes both animal and
human, which uses various strategies for
persistence in the host, for example
antibiotic resistance, release of virulence
factors and switching to a small-colony
variant phenotype (Du Toit, 2014; Powers
and Wardenburg, 2014). Taken together,
all these features result in the incidence of
this pathogen among hospital-acquired
infections (Davis et al., 2013) and make
crucial the search of new anti-S. aureus
compounds. In this study, we demonstrated
for the first time, the anti-S. aureus activity
of fractions obtained from hydroalcoholic
extracts of A. colubrine leaves and fruits,
the hemolytic action of active fractions and
phytochemical analyses



Table 3. Antimicrobial activity of hydroalcoholic extracts from A. colubrina leaves' and fruits®.
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] ) Inhibition (mm) _Inhibition {mm) MIC (mg/mL) MIC (mg/mL) MBC (mg/mL) MBC (mg/mL)
Microrganism(UFPEDA) HEL' HEFr HEL - HEFr HEL HEFr *
(100) Micrococcus luteus N/ AR 17.67+0.57b N/Ab 078120 N/AE 3.125b
(224) Escherichia coli N/AP N/AE N/AE N/AR N/AB N/AB
(396) Kiebsiella pneumoniae N/AR NiAE N/AE N/AD N/AR N/AD
(86) Bacillus subtilis 17.33 £1.15¢0 13 £1.730 §.256 1.56260 12.56 5.25b
(02) Staphylococcus aureus 14.67 + 0.57b 14 67 £ 0.570 = 0.7812° 1.5626b 2 12.50 62502
MN/A: Mo activity; ® values found for Da Silva et al. (20133) and b Silva et al. (2012).

Table 4 .Phytochemical analysis of Anadenanthera colubrine var. cebil
Tissue Compounds
Steroids Saponins Alkaloids Flavonoids Tannins Sugar Terpenoids
Leaves + - - + + + +
Fruits + - - + + - +
Table 5. Antimicrobial activity of A. colubrina leaf fractions.
Cyclohexane fraction Ethyl acetate fraction n-Butanol fraction Aqueous fraction
CFL EAFL NBFL
Microrganism ( ) ( ) ( ) (AFL)
MIC MBC MIC MBC MIC MBC MIC MBC
(mg/mL) (mg/mL) (mg/mL) (mgimL) (mg/mL) (mg/mL) (mg/mL) (mg/mL)
UFPEDADZ2 3.125 6.25 6.25 12.5 125 12.5 25 =25
UFPEDAG30 65.25 125 0.78125 >25 NIA NIA 125 12.5
UFPEDAGE3 1.5625 =25 0.78125 12.5 125 >25 25 =25
UFPEDAGTS 1.5625 =25 1.5625 12.5 25 >25 25 =25
UFPEDAGIT 1.5625 =25 1.5625 12.5 125 >25 25 =25
UFPEDA7OS 1.5625 3.125 0.78125 3.125 125 12.5 25 25
UFPEDA730 6.25 125 1.5625 25 NIA NIA NIA NIA
UFPEDA733 1.6625 12.5 0.78125 12.5 12.5 12.5 25 25

Table 6. Antimicrobial activity of A. colubnne fruit fractions.

Cyclohexane Fraction Ethyl acetate fraction

n-Butanol fraction

Aqueous fraction

) . (CFF) (EAFF) (NBFF) (AFF)

Microrganism

MIC MBC MiC MBC Mic MEC MIC MEC

(mg/mL} (mg/mL) (mg/mL) (mg/mL) (mg/mL) (mg/mL) (mg/mL) (mg/mL)

UFPEDADZ2 12.9 12.3 1.5625 6.25 12.5 12.5 25 =25
UFPEDAB30 25 =25 0.78125 1.5625 12.5 =25 12.5 =25
UFPEDAGBG3 25 >25 0.78125 3.125 =25 =25 25 =25
UFPEDAGTS 25 =25 0.390625 12.5 12.5 =25 25 =25
UFPEDABIT 25 =20 0.390625 6.25 12.5 =25 12.5 =25
UFPEDATOS 12.9 >25 0.390625 12.5 3125 =25 12.5 =25
UFPEDAT30 =25 =25 0.390625 1.9623 3.125 6.25 25 25
UFPEDAT733 25 >25 0.390625 6.25 12.5 25 25 >25




of these tissues. The inhibitory activity of
hydroalcoholic extracts from A. colubrina
leaves and fruits against S. aureus have
been shown in various researches (Silva et
al., 2012), including the synergism with
erythromycin of hydroalcoholic extract
from fruits (Da Silva et al., 2013b) and the
involvement of cell wall damage in its
action, which could cause the loss of
viability and cell death (Da Silva et al.,
2013a).

Firstly, the comparative investigation of
phytochemical compounds presented in each
tissue revealed that while leaves were
formed by tannins, flavonoids,
proanthocyanidins, triterpenes and sugars, in
the fruits only tannins and flavonoids were
detected. These results showed that all the
tested fractions had antimicrobial activity at
least for one strain, suggesting that all
solvents are able to solubilize at least one
kind of active compounds. However, the
best results were found for ethyl acetate
fractions of both tissues.This best potential

of ethyl acetate fractions could be
explained by its capacity to solubilize
molecules with antimicrobial properties
such as tannins, leucoanthocyanidins and
some groups of flavonoids. In fact, tannins
and flavonoids have been indicated as
active  molecules in A. colubrina
(Gutierrez-Lugo et al., 2004; Trentin et al.,
2013). In addition, a close relationship
were found between tannin levels of A.
colubrina and seasonal climate changes in
the caatinga (Monteiro et al., 2006), as
well its ethnopharmacology uses as anti-
inflammatory and healing agent (Sousa
Araujo et al., 2008). Looking at the most
active fractions of EAFL and EAFF in
Tables 3 and 4 (smallest MIC value), we

can say that they have a tendency towards
bacteriostatic behavior (MBC/MIC >4),
using the MBC/MIC ratio (Pankey and
Sabath 2004). These fractions showed a
strong correlation (p=0.84) in their MIC
values, however, ELFF had the lowest
MIC values (2-4 times) for most strains
(75%).

Finally, the cellular toxicity of the most
active fractions was evaluated using human
erythrocytes as a test system. This assay is
based on hemoglobin release caused by
cell membrane damage and can also reveal
some information on the involvement of
the cytotoxicity mechanism (Hassan et al.,
2010; Kalaivani et al., 2011). Both
fractions showed low toxicity since the
HC50 values were greater than MIC50
values: the ratio MIC50/HC50 for EAFL
was 3.68 and 11.61 for EAFF. These
results also confirmed that EAFF have the
best potential as a source of antimicrobial
agents.

=3
o
3

-»- EAFF
-= EAFL

>
[=]
1

Hemolytic activity (%)
88
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o 1 2 3 4 5
Concentration (mg/mL})

Figure 1. Hemolytic activity of ethyl acetate fractins from A.
colubrina leaves (EAFL) and fruits (EAFF).

Conclusion

In conclusion, these data demonstrated
that leaves and fruits of A. colubrina var.
cebilare potential sources of molecules
against S. aureus. For both tissues, the best
results were found for ethyl acetate
fraction, being EAFF the most active due



its high action and low hemotoxicity. The
purification and structural characterization
of active compounds of this plant is the
next step of our research.
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