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RESUMO

Diversas plantas tém sido avaliadas, ao logo dos anos, quanto aos seus efeitos
terapéuticos, buscando isolar novas substancias capazes de auxiliar no
tratamento de diversas patologias como infec¢gdes bacterianas e doengas
ligadas ao estresse oxidativo. Libidibia ferrea var ferrea € uma planta de grande
ocorréncia na regidao semiarida brasileira, muito utilizada pelas populacdes
locais como forrageira e para fins medicinais. Portanto, a partir de extragdes
das folhas de L. ferrea var ferrea em diferentes solventes, os objetivos do
presente estudo foram identificar os componentes presentes, através da
analise fitoquimica, bem como avaliar as atividades antibacteriana e
antioxidante. A analise fitoquimica de extratos por cromatografia em camada
delgada (CCD) revelou a presenca de alcaldides, carboidratos, derivados
cindmicos, flavondides, terpenos e taninos. Os constituintes quimicos do
extrato ciclohexanico (LFCH) e suas fragdes, obtidas por cromatografia em
silica gel, foram identificados por GC-MS, revelando a presenga de acidos
graxos, alcanos, terpenos e esterdides, destacando-se como composto
majoritario o terpeno Fitol. Todos os extratos apresentaram atividade
antibacteriana contra bactérias gram-positivas e gram-negativas, pela técnica
de microdiluicdo em caldo. LFCH foi o extrato mais eficaz com concentragao
inibitéria minima (CIM) variando de 0.39mg/ml a 3.12mg/ml. Entretanto, suas
fragdes exibiram uma menor atividade contra Staphylococcus aureus, com CIM
variando de 0.625mg/ml a 10mg/ml, sugerindo a possibilidade de sinergismo
entre as moléculas presentes no extrato. No ensaio antioxidante in vitro,
sequestro do radical livre DPPH, foi observado que LFEtAc, LFMeOH e LFAq
exibiram alto poder antioxidante, destacando-se os dois ultimos extratos, pois

se mostraram mais eficazes que o padrao quercetina.

Palavras-chaves: Metabdlitos secundarios. Caatinga. Pau-ferro.



ABSTRACT

Several plants have been evaluated over the years as to their therapeutic
effects seeking to isolate new substances may be used for treatment of various
diseases such as bacterial infections and diseases related to oxidative stress.
Libidibia ferrea is a plant of great occurrence in the Brazilian semiarid region
used by population as fodder and for medicinal purposes. Therefore, extraction
of leaves of L. ferrea var ferrea in different solvents the objectives of this study
were to identify the components present, through the phytochemical analysis,
as well as evaluating the antibacterial and antioxidant activities. The
phytochemical analysis of extracts by TLC revealed the presence of alkaloids,
carbohydrates, cinnamic derivatives, flavonoids, tannins and terpenes. The
chemical constituents of LFCH and their fractions obtained by silica gel
chromatography were identified by GC-MS which showed the presence of fatty
acids, alkanes, terpenes and steroids, highlighted as major compound phytol, a
terpen. All extracts showed antibacterial activity against gram-positive and
gram-negative bacteria by broth microdilution technique. LFCH extract was
more effective with MIC ranging from 0.39mg/ml to 3.12mg/ml. However, its
fractions exhibited a lower activity against Staphylococcus aureus with MIC
ranging from 0.625mg/ml to 10mg/ml, suggesting the possibility of synergism
between molecules present in extract. In vitro antioxidant assay, scavenging
free radical DPPH, was observed that LFEtOAc, LFMeOH and LFAq exhibited
high antioxidant power, especially the last extracts, were more effective than
standard quercetin.

Key-words: Secondary metabolites. Caatinga. Pau-ferro.
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1 INTRODUGAO

O uso de plantas no tratamento e na cura de enfermidades é tao antigo
quanto a espécie humana. A utilizagado de vegetais € uma pratica generalizada
baseada na crenga popular e nas formagdes culturais que as usam como
recurso terapéutico. As antigas civilizagbes foram selecionando, ainda que
empiricamente, plantas comestiveis e espécies com capacidade medicinais
dotadas de pouca toxicidade e apesar do emprego empirico, as plantas
continuam a ser usadas pela populacdo e nao foram completamente
substituidas pelos farmacos sintéticos (BRESOLIN e FILHO, 2003).

Com a evolugdo do conhecimento cientifico, intensificaram-se os
estudos das plantas medicinais, relacionando a sua composi¢cao quimica com
os seus efeitos, confirmando, muitas vezes, a sua utilizagdo popular. Porém,
das 250 a 500.000 espécies de plantas superiores existentes no planeta
estima-se que apenas 1% tem sido estudada pelo seu potencial farmacolégico
(MELENDEZ e CAPRILES, 2006).

O Brasil € o pais com maior diversidade genética vegetal do mundo,
contando com 55 mil espécies catalogadas. Todavia, menos de 10% dessas
plantas foram avaliadas sob aspectos biolégicos e ndo mais que 5% sob
aspectos quimicos até meados dos anos 90 (DI STASI, 1996). Dessa forma, as
plantas constituem ainda uma fonte importante para a descoberta de novas
substéancias biologicamente ativas.

A regidao Nordeste do Brasil tem 70% de seu territério ocupado pela
Caatinga, unico bioma exclusivamente brasileiro, que compreende uma area de
aproximadamente 800.000km?, que abrange os estados do Piaui, Ceara, Rio
Grande do Norte, Paraiba, Pernambuco, Alagoas, Sergipe, Bahia e Minas
Gerais, (ANDRADE et al., 2005). A caatinga tem como caracteristica o
potencial hidrico reduzido no solo com acentuado periodo de estacido seca,
entre sete e dez meses, sua flora nativa apresenta entdo caracteristicas
anatbmicas, morfologicas e funcionais especializadas para a sobrevivéncia
destas plantas as condigdes adversas de clima e solo (DRUMOND et al,.
2000).



O interesse na diversidade molecular das plantas tem estimulado a
busca pelo conhecimento do seu metabolismo secundario, o qual é
responsavel pela sintese de grande parte dos compostos vegetais com
atividade biolégica. Grupos de compostos de estruturas complexas como
alcaldides, terpenos e compostos fendlicos, bem como seus derivados tem sido
alvo de investigacdo a respeito de suas propriedades medicinais. A
diversidade, em termos de estruturas e propriedades quimicas, na qual essas
substancias ocorrem na natureza, podem servir para o desenvolvimento de um
grande numero de produtos naturais de interesse industrial e farmacoldgico.
Diversas atividades bioldgicas tém sido atribuidas aos compostos secundarios,
tais como antioxidante, antimicrobiana, anti-inflamatéria, antitumoral, entre
outras (KSOURI et al., 2009; KANG et al., 2008; ROMAGNOLO et al., 2012 ).

Embora as industrias quimica e farmacéutica tenham produzido uma
grande variedade de antibioticos, frequentemente tem sido observado o
aumento de microorganismos resistentes aos medicamentos disponiveis no
mercado, incentivando a busca por novas fontes de substancias com atividade
antimicrobiana. Além disso, a alta incidéncia de infeccbes aumenta a
importancia da descoberta de compostos terapéuticos alternativos, que atinjam,
nas células, alvos diferentes daqueles utilizados pelos farmacos usados

rotineiramente.

Desta forma, diante do potencial boténico da Caatinga e da necessidade
de encontrar novos compostos bioativos, este trabalho se propds a avaliar o
potencial antibacteriano e antioxidante de folhas de Libidibia ferrea obtidas no
Parque Nacional da Serra do Catimbau, reserva da caatinga localizada no

municipio de Buique, Pernambuco.



2 FUNDAMENTACAO TEORICA

2.1 PLANTAS MEDICINAIS

Ha milhares de anos, o Homem vem utilizando os recursos da flora no
tratamento de diversas patologias. Foi através da observacdo e da
experimentagao pelos povos primitivos que as propriedades terapéuticas de
determinadas plantas foram sendo descobertas e propagadas de geracdo em

geracéo, fazendo parte da cultura popular.

As plantas medicinais tém apresentado um importante papel na
terapéutica, pois parte dos medicamentos prescritos mundialmente € de origem
vegetal (RATES, 2001). Além disso, sao produtos de grande interesse
cientifico, devido a possibilidade da descoberta de novos farmacos, dada a
grande variedade de seus constituintes quimicos. Desta forma, sempre houve,
ao longo da Histdria, a necessidade de se estudar o conhecimento e uso das
plantas por grupos humanos de diferentes culturas, resgatando informagdes
essenciais a descoberta de substancias biologicamente ativas que possam ser

utilizadas na producao de medicamentos.

Atualmente, nota-se um retorno do interesse pelas plantas medicinais,
devido a grande procura por terapias alternativas. Isto se deve principalmente a
ineficiéncia de alguns produtos sintéticos, ao alto custo dos medicamentos e a

busca por tratamentos menos agressivos ao organismo (LIMA et al., 2006).

2.2 METABOLITOS SECUNDARIOS DE PLANTAS

Metabdlitos secundarios, em contraste com os primarios, nem sempre
estdo envolvidos em fungdes vitais do vegetal ou mesmo presente em todos
eles. Sdo conhecidos por serem sintetizados em células especializadas e em
diferentes estagios de desenvolvimento, por isso cada familia, género ou
espécie de planta produz uma categoria quimica caracteristica ou uma mistura
deles, podendo em alguns casos serem utilizados para classificagdo
taxondmica dos vegetais (BELL et al., 1980).

Estes produtos tém como fungdo proteger a planta contra herbivoria,

ataque de patégenos, bem como beneficia-la na competicdo com outros



vegetais. Os metabdlitos secundarios podem ainda favorecer a atragdo de
polinizadores, de dispersores de sementes e microorganismos simbiontes.
Além disso, a produgdo destes componentes pode proteger a planta de fatores
externos como variagdes de temperatura, umidade, exposicdo a radiacao
ultravioleta (UV) e deficiéncia de nutrientes minerais (ATSATT, 1976;
LUCKNER, 1984; EVANS, 1989). Uma classificagdo simples para os
metabdlitos secundarios inclui trés grandes grupos: compostos fendlicos,
terpenos e alcaléides. Os compostos fendlicos sao derivados do acido
chiquimico e do acido mevalbdnico. Os terpenos sdo produzidos a partir do
acido mevaldnico ou piruvato e 3-fosfoglicerato. Os alcaldides, compostos
secundarios nitrogenados, sao produzidos a partir de aminoacidos aromaticos,
0s quais sao derivados do acido chiquimico e de aminoacidos alifaticos (Figura
1). Flavonoides, taninos e ligninas fazem parte dos compostos fendlicos;
saponinas, carotendides e a maioria dos hormdnios vegetais s&o terpenos;

nicotina e cafeina sao alguns exemplos de alcaldides. (BELL et al., 1980).

Figura1. Principais vias de biossintese dos metabdlitos secundarios.

Piruvato + 3PGA j —m0
- TERPEMOS

Via do Mevalonato ————l—j» -
> |FEHOIS

Aminoacidos

» Aromaticos — | ALCALOIDES

Via do Ac. Chiguimico

Fonte: adaptado de Peres, (2004).

Diversos tipos de metabdlitos secundarios tém sido identificados como
principios ativos de plantas com diversas atividades terapéuticas. KANG et
al.(2008) avaliaram a atividade antibacteriana dos taninos metil galato e acido
galico de Galla rhois e observaram a inibicdo da formac&o de biofilme por

patdgenos orais. Extratos metandlicos de Myracrodruon urundeuva contendo



derivados cinamicos, flavonoides, acido galico e taninos mostraram atividade
antifugica contra Fusarium (SA et al., 2009). Flavondides presentes em extratos
de Ginkgo biloba foram capazes de reduzir os niveis de espécies reativas de
oxigénio em cérebros de camundongos (ECKERT, 2012).

A abrangente atuagdo dos metabdlicos secundarios dos vegetais, desde
a producao de substancias farmacologicamente ativas até a interferéncia na
interacdo entre vegetais, mostra a importdncia e a necessidade do
conhecimento sobre esses compostos. A compreensao de sua atuacao pode
levar a inumeras possibilidades de estudos que direcionem a busca pela
solucdo de importantes problemas enfrentados atualmente, como a resisténcia

microbiana as drogas sintéticas.

2.2.1 Compostos Fendlicos

Compostos fenodlicos sao biossintetizados nas plantas por meio de
diferentes rotas, razdo pela qual constituem um grupo bastante heterogéneo do
ponto de vista metabdlico. As duas rotas metabdlicas basicas s&o: a rota do
acido mevaldnico e a do acido chiquimico, sendo esta ultima participante na
biossintese da maioria dos fendis vegetais (TAIZ et al., 2004). Os compostos
fendlicos sao caracterizados por possuirem pelo menos um anel aromatico
ligado a um ou mais grupos hidroxilas (OH), podendo ter varios grupos
substituintes, como carboxilas, metoxilas, estruturas ciclicas n&do aromaticas,
entre outras (NYCHAS et al.,, 1995). A tabela 1 mostra a classificagcdo dos

compostos fendlicos considerando sua estrutura basica.



Tabela 1. Classificagdo dos compostos fendlicos.

Estrutura Basica Classe de Compostos Fendlicos
C6 Fendis simples, benzoquinonas
C6-C1 Acidos fendlicos
C6-C2 Acetofenonas e acidos fenilacéticos
C6-C3 Fenilpropandides; acidos cindmicos e compostos
analogos, fenilpropenos, cumarinas, isocumarinas
e cromonas
C6-C4 Naftoquinonas
C6-C1-C6 Xantonas
C6-C2-C6 Estilbenos, antraquinonas
C6-C3-C6 Flavonoides e isoflavondides
(C6-C3)2 Lignanas
(C6-C3-C6)2 Biflavondides
(C6)n Melaninas vegetais
(C6-C3)n Ligninas
(C6-C1)n Taninos hidrolisaveis
(C6-C3-C6)n Taninos condensados

Fonte: Adaptado de Carvalho et al.(2004).

Os acidos fendlicos s&o estruturalmente fendis simples que incluem dois
grupos: acidos hidroxibenzoicos e os acidos hidroxicindmicos. O primeiro
corresponde ao maior grupo de acidos fendlicos encontrados na natureza.
Neste grupo, destacam-se os acidos galico e elagico, que possuem atividade
antioxidante, geralmente, determinada pelo numero de hidroxilas presentes na
molécula, além da proximidade do grupo —-COOH com o grupo fenil
(HARBORNE 1998).

2.2.2 Flavonoéides

Os flavonoides sdo os compostos fendlicos mais comumente
encontrados em vegetais e apresentam uma variedade de formas estruturais
que possuem em comum o esqueleto difenilpropano (C6-C3-C6), consistindo
de dois anéis aromaticos (A e B) unidos por um anel heterociclico oxigenado
(C) (Figura 2).

Os flavondides podem ocorrer de forma livre (agliconas) ou ligados a

agucares (glicosideos). Sao classificados de acordo com caracteristicas



quimicas e biossintéticas em dez subclasses: antocianinas, proantocianidinas,
flavondis, flavonas, glicoflavonas, biflavonilas, chalconas, auronas, flavononas
e isoflavonas. (MARKHAM 1982, HARBONE et al. 1975).

Figura 2. Estrutura geral dos flavondides.

Fonte: Crozier, (2006).

Os flavondides sdo importantes agentes de defesa contra insetos e
microrganismos fitopatogénicos, como virus, bactérias e fungos, atuando como
defensores naturais das plantas na forma de resposta quimica a invasao de
patogenos. Estas caracteristicas de defesa sugerem diversas atividades
biolégicas atribuidas aos flavondides e muitas tém sido descritas, como por
exemplo, atividade antioxidante, anticarcinogénica, antimicrobiana, antiviral,
acao anti-inflamatdéria e antialergénica (ZUANAZZI, 2000; YAO-LAN et al.,
2002).

A presenca de flavondides oferece ainda uma proteg¢ao a radiagcéo UV,
pois ao incidir nas plantas, principalmente nas folhas, essa radiacéao é
absorvida pelos pigmentos formados pelos flavondides, que funcionam como
filtros evitando que a radiagdo atue sobre outras moléculas celulares
importantes, como o DNA, prevenindo a formacdo de células defeituosas
(HARBONE, 1975).

Os flavondides possuem grande potencial antioxidante, pois tem uma
grande capacidade de sequestrar radicais livres e quelar ions metalicos,
atividade que € aumentada quando a molécula possui dois grupos hidroxila em
orto no anel B, uma dupla conjugada com a carbonila na posi¢cao 4 e hidroxilas
em 3 e 5. Dentre os flavondides que possuem uma excelente reposta

antioxidante ao estresse oxidativo temos a quercetina (figura 3), pertencente ao



grupo dos flavonadis. Flavondides como quercetina, isoramnetina, kaempferol e
seus derivados C- ou O- glicosideos detectados em Annona crassiflora,
demonstraram atividade antioxidante utilizando dois métodos, frente ao radical
DPPH e ao B-caroteno (ALVES et al., 2007).

Figura 3. Estrutura da quercetina.

Fonte: Crozier, (2006).

Efeitos benéficos dos flavondides sao geralmente relacionados as
propriedades antioxidantes e inativadoras de radicais livres (ISHIGE et al.
2001).Pesquisas sugerem que alguns flavondides sao responsaveis por uma
acao antitumoral consideravel, podendo ainda agir como antivirais,
antioxidantes, anti-hemorragicos, hormonais, anti-inflamatorios e
antimicrobianos, (ZUANAZZI e MONTANHA, 2004; ROMAGNOLDO et al., 2012).

2.2.3 Taninos

Os taninos sdo compostos de alto peso molecular, formados pela
polimerizacdo de unidades de flavonoides. S&o moléculas altamente
hidroxiladas e, podem formar compostos insoluveis com carboidratos e/ou
proteinas (TAIZ et al., 1998). As propriedades defensivas dos taninos sdo
geralmente atribuidas a sua habilidade em se ligar as proteinas dificultando a
digestao nos insetos. A limitagdo da disponibilidade de proteinas também deve
ser fator de inibicdo do crescimento e desenvolvimento de patégenos, podendo
apresentar atividade antimicrobiana (MONTEIRO et al., 2005).

Classicamente distinguem-se dois grandes grupos: os taninos

hidrolisaveis e os taninos condensados. Os taninos hidrolisaveis sao



compostos que apos hidrolise produzem carboidratos e acidos fendlicos. Séao
unidos por ligagdes éster-carboxila, sendo prontamente hidrolisaveis em
condi¢des acidas ou basicas (NASCIMENTO e MORAIS, 1996; MONTEIRO et
al., 2005). Taninos condensados sao oligbmeros e polimeros formados pela
ligagdo de dois ou mais monémeros de flavan-3-ol ou flavan-3-4diol. Essa
classe de taninos também é denominada proantocianidina devido a producao
de pigmentos avermelhados da classe das antocianidinas, tais como cianidina
e delfinidina (ZUANAZZI et al., 2000).

O papel biolégico dos taninos nas plantas tem sido investigado e
acredita-se que esteja envolvido na defesa quimica das plantas contra o ataque
de herbivoros vertebrados ou invertebrados (TEMMINK et al., 1989) e contra
microrganismos patogénicos (TAKECHI et al., 1985). Devido essas
propriedades, diversas atividades farmacologicas dos taninos tém sido
investigadas, incluindo atividade antimicrobiana, anti-helmintica e antioxidante
(COSTA et al., 2002; OKUDA, 2005).

2.2.4 Terpenos

Os terpenos ou terpendides sdo compostos que ocorrem em todas as
plantas e compreendem uma classe de metabdlitos secundarios com uma
grande variedade estrutural (RAVEN et al., 2001). Sdo formados pela fusao de
unidades de cinco carbonos que quando submetidos a altas temperaturas,
podem se decompor em isoprenos, podendo referir-se, ocasionalmente, a
todos os terpenos como isoprendides (TAIZ et al. 2004). Os terpenos podem
ser classificados de acordo com o numero de isoprenos que constituem:
hemiterpenos (C5), monoterpenos (C10), sesquiterpenos, (C15), diterpenos
(C20), triterpenos (C30) e carotenos (C40) (OLIVEIRA et al., 2003).

Os hemiterpenos s&o classificados como o menor grupo dos terpenos e
seu representante mais conhecido e estudado é o isopreno, um produto volatil
liberado de tecidos fotossinteticamente ativos (CROTEAU et al., 2000). Os
monoterpenos sao formados por duas unidades de isopreno. Devido a sua
baixa massa molecular, estes costumam ser volateis, sendo os constituintes

das esséncias volateis e Oleos essenciais, atuando na atracdo de
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polinizadores, principalmente. Os sesquiterpenos sdo encontrados nos oOleos
essenciais e em horménios vegetais, constituindo a maior classe de
terpendides (OLIVEIRA et al., 2003). Os diterpenos compreendem um grande
grupo de compostos nao volateis, possuindo uma vasta gama de atividades
diferentes que incluem os hormodnios, acidos resinicos e agentes
anticancerigenos e antimicrobianos (ROBBERS et al., 1997; CROTEAU et al.,
2000; OLIVEIRA et al., 2003). Os triterpenos formam os componentes das
resinas, latex, ceras e cuticula das plantas. Entre os triterpenos encontra-se
uma importante classe de substancias, os esterdides, os quais s&o
componentes dos lipidios de membrana e precursores de horménios esterdides
em mamiferos, plantas e insetos. Outra classe importante de triterpenos sao
as saponinas, que nas plantas desempenham um importante papel na defesa
contra insetos e microorganismos (PERES, 2004). Os carotenodides séao
pigmentos responsaveis pela coloracdo amarela, laranja, vermelha e purpura
dos vegetais, apresentando fungao essencial na fotossintese e, especialmente,
na pigmentacéao de flores e frutos. Os politerpendides sdo aqueles com mais de
oito unidades de isopreno, ou seja, com mais de 40 carbonos na sua estrutura,
como os longos polimeros encontrados na borracha (ROBBERS et al., 1997,
CROTEAU et al., 2000, OLIVEIRA et al., 2003).

Os terpenos apresentam inumeras atividades bioldgicas de interesse
farmacéutico, dentre elas estdo as acOes anestésica local (DOLARA et al.,
2000), citotoxica (CHEN et al.,, 1990; KHIEV et al.,, 2012), anti-helmintica
(NIRMAL et al., 2007) e, mais notadamente, antimicrobiana (TAN et al., 2008,
GALVAO et al., 2012).

2.2.5. Purificagao e Identificagdao de Metabdlitos Secundarios

O isolamento de metabdlitos secundarios de plantas consiste em um
estudo fitoquimico que compreende basicamente trés etapas: 1) Coleta e
classificagao botanica da espécie a ser estudada; 2) Extracéo e purificagcao dos

constituintes quimicos; 3) Caracterizagao e determinagao estrutural.
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Na primeira etapa, depois de estabelecido a planta e local de coleta, o material
botanico deve ser encaminhado a um herbario, onde sera feita a identificagao e
registro da planta (nomes cientifico e popular, familia botanica, local e data da
coleta, indicagbes terapéuticas, entre outros). Depois de identificadas, as
amostras coletadas sao prensadas, secas e armazenadas para posterior
preparacao dos extratos.

A extragao refere-se a separacdo, a partir dos tecidos das plantas
(folhas, frutos, raizes, etc.) mediante o uso de solventes seletivos. A
preparacao de extratos é feita geralmente por percolagdo (método de extragcdo
a frio) ou Soxhlet (método de extragcdo a quente). Para uma unica extragao (a
frio ou a quente) usa-se geralmente um solvente polar (metanol ou etanol);
para mais de uma extracao utiliza-se pelo menos trés tipos de solventes: apolar
(hexano ou éter de petroleo), de polaridade moderada (cloroférmio ou
diclorometano) e polar (metanol ou etanol). Os diferentes tipos de solventes
utilizados irdo extrair preferencialmente alguns compostos, como listados na
tabela 2.

Tabela 2. Solventes utilizados na extragdo de compostos vegetais e principais

substancias extraidas.

SOLVENTE SUBSTANCIAS EXTRAIDAS
Eter de petroleo; Hexano Lipideos; ceras, pigmentos; furanocumarinas
Eter etilico, Diclorometano; alcaloides; antraquinonas; terpenos;
Cloroférmio heterosideos cardiotdnicos; esteroides.
Acetato de etila; Butanol flavonodides, cumarinas; terpenos e esterdides
Etanol; Metanol heterosideos
Misturas rgdroalcoélicas; saponinas; taninos; flavondides; acucares
gua

Fonte: adaptado de Souza et al., (2004).
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A separacao dos compostos presentes nos extratos é feita geralmente
por técnicas cromatograficas. Cromatografia em coluna de gel de silica &
bastante utilizada e as fracbes obtidas da purificacdo sdo monitoradas por
cromatografia em camada delgada (CCD), utilizando-se variados tipos de
reagentes reveladores especificos para cada classe de metabdlito secundario.
O critério de pureza a ser adotado é aquele em que variando o sistema de
solvente empregado, observa-se apenas uma unica mancha uniforme em CCD.
Outros procedimentos, no entanto, podem ser adotados como a cromatografia
liquida de alta eficiéncia (CLAE) preparativa.

Para a caracterizacdo e identificagdo dos compostos os principais
métodos utilizados sdo cromatografia gasosa e liquida e métodos
espectroscopicos como: ultravioleta visivel (UV-VIS), infravermelho (IV),
ressonancia magnética nuclear (RMN) e espectrometria de massas (EM).
Técnicas unidas (hifenadas) tém sido bastante utilizadas na caracterizagcédo de
compostos, como a cromatografia gasosa acoplada a espectrometria de
massas (CG-EM). A cromatografia gasosa € rapida e sensivel podendo
detectar substancias na ordem de nanogramas (10°g) a picogramas (107'%g),
podendo indicar o numero de compostos de uma mistura, a presenga de
impurezas e muitas vezes o esclarecimento aproximado da identidade de um
composto. Com um espectrometro de massas acoplado ao cromatdgrafo
gasoso, diversas varreduras de massas em pontos diferentes dos picos
cromatograficos podem ser feitas, fornecendo a relagcdo massa/carga de ions
que pode ser usada para cofirmar a massa molecular do composto. A
identificacdo dos grupos quimicos € feita comparando o espectro obtido com o
de uma amostra pura ou com os espectros de uma biblioteca de referéncia
(FIFIELD et al., 1995).

2.3 CAATINGA

O Nordeste do Brasil tem a maior parte de seu territério ocupado por
uma vegetagdo xerofila, de fisionomia e floristica variada, denominada
“caatinga”. Fitogeograficamente, a caatinga ocupa cerca de 11% do territério
nacional, distribuindo-se pelos estados da Bahia, Sergipe, Alagoas,

Pernambuco, Paraiba, Rio Grande do Norte, Ceara, Piaui e Minas Gerais.
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Abrangendo uma area de aproximadamente 800.000 km?, o que corresponde a
70% da regiao Nordeste, o bioma caatinga é considerado uma das 37 grandes
regides geograficas do planeta (AGUIAR et al. 2002), possuindo a vegetacao
mais heterogénea dentre os biomas brasileiros (RIZZINI, 1997). Ao analisar os
recursos hidricos, aproximadamente 50% das terras recobertas com a caatinga
sdo de origem sedimentar, ricas em aguas subterraneas. Os rios, em sua
maioria, sdo intermitentes e o volume de agua, em geral, é limitado, sendo
insuficiente para a irrigagcdo. A altitude da regido varia de 0- 600m. A
temperatura varia de 24 a 28°C e precipitagdo média de 250 a 1000 mm,
resultando em déficit hidrico elevado durante todo o ano (SAMPAIO et al.
1994).

A vegetacdo de caatinga € constituida, especialmente, de espécies
lenhosas e herbaceas, de pequeno porte, na maioria das vezes dotada de
espinhos, sendo, geralmente, caducifélias, perdendo suas folhas no inicio da
estacao seca, e de cactaceas e bromeliaceas. As familias mais frequentes sao
Caesalpinaceae, Mimosaceae, Euphorbiaceae, Fabaceae e Cactaceae, sendo
0s géneros Senna, Mimosa e Pithecellobium com maior numero de espécies
(SAMPAIO et al. 1994). Em termos forrageiros, a caatinga mostra-se bastante
rica e diversificada. Entre as diversas espécies, merecem ser destacadas: o
angico (Anadenanthera macrocarpa Benth), o pau-ferro (Libidibia ferrea Mart.
ex. Tul.), a catingueira (Caesalpinia pyramidalis Tul.), a catingueira rasteira
(Caesalpinia microphylla Mart.), a canafistula (Senna spectabilis var. excelsa
(Sharad) H.S.Irwine & Barnely), o marizeiro (Geoffraea spinosa Jacq.), o
mororé (Bauhinia sp.), o sabia (Mimosa caesalpinifolia Benth.), o rompe-gib&o
(Pithecelobium avaremotemo Mart.) e o juazeiro (Zizyphus joazeiro Mart.),
entre as espécies arboreas, constituindo-se em forragem para caprinos, ovinos,
bovinos e muares (ALBUQUERQUE e BANDEIRA 1995). Dentre as espécies
frutiferas que séo exploradas de forma extrativista pela populacdo local,
destacam-se: o umbu (Spondias tuberosa Arruda - Anacardiaceae), araticum
(Annona glabra L., A. coriacea Mart., A. spinescens Mart. - Annonaceae),
mangaba (Hancornia speciosa Gomez - Apocynaceae), jatoba (Hymenaea
spp.- Caesalpinaceae), juazeiro (Ziziphus joazeiro Mart. - Rhamnaceae), murici

(Byrsonima spp. - Malpighiaceae), e o Licuri, (Syagrus coronata (Mart.) Becc. -
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Arecaceae) (MENDES 1994). Esta forma de exploragdo tem levado a uma
rapida diminuicdo das populagdes naturais destas espécies vegetais, que estéo

ameacadas de extingao.

Entre as diversas espécies da caatinga, varias plantas sdo notoriamente
consideradas como medicamentosas de uso popular, pois diversos tecidos
como folhas, cascas e raizes sao comercializados em calgadas e ruas das
principais cidades, bem como em mercados e feiras livres. Entre elas,
destacam-se a Myracrodruon urundeuva (adstringente), Annona sp.
(antidiarréico), L. ferrea (antiasmatica e anticéptica), catingueira (antidiarréica),
Anadenanthera macrocarpa Benth. (adstringente), Ziziphus joazeiro Mart.
(estomacal), Selaginella convuluta Spring (diurético), entre outras (AGRA
1996). Dessa forma, as plantas da caatinga tornam-se excelentes alvos para a
busca de novas substéncias ativas.

Diante da velocidade do fenbmeno de devastag&do da caatinga, unidades
de conservagao tém sido criadas. Atualmente, a caatinga conta com 47
unidades de conservacido que somam 4.956km?, aproximadamente 6,4% do
bioma (SILVA et al.,2004). Dentre essas unidades temos o Parque Nacional da
Serra do Catimbau (PARNA Catimbau), localizado no Sertdo Pernambucano,
distribuida entre os municipios de Buique, Ibimirim e Tupanatinga, com area de
607 km? Criado em 13 de dezembro de 2002, o PARNA Catimbau esta
inserido em uma regido definida como area prioritaria para pesquisa cientifica
(MMA, 2002).

Figura 4. Parque nacional da Serra do Catimbau.

St

Fonte: Melo, 2012.
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2.4 Libidibia ferrea var ferrea

Libidibia ferrea (Mart. ex Tul.) L.P.Queiroz var. ferrea € uma arvore que
pertence a familia Leguminosae - Caesalpininoideae (Caesalpiniaceae) e que
cresce em todo o Brasil, largamente distribuida nas regides Norte e Nordeste,
principalmente em Pernambuco e no Ceara , sendo conhecida popularmente
como pau-ferro, juca, ibira-obi, imira-itd, muira-obi, muiré-itd (PIO CORREA,
1984; LORENZI, 2002).

A espécie L. ferrea é composta por trés variedades: ferrea, leiostachya
e parvifolia. A variedade ferrea ocorre predominantemente no Nordeste, sendo
mais comum em regides da Caatinga, onde é conhecida principalmente por
Juca. Diferentemente, as variedades leiostachya e parvifolia sao bastante
semelhantes e caracteristicas da Mata Atlantica, (DUCKE, 1953; RIZZINI e
MATTOS FILHO, 1968).

L. ferrea var. ferrea possui flores amarelas pequenas e em forma de
cachos, frutos marrom escuro, na forma de vagem indeiscente (ndo se abre
quando maduro), muito duro e com sementes escuras. Chega a atingir altura
de 10-15 m, com tronco curto de 40 a 60 cm de didmetro que possui manchas
claras (Figura 5). Suas folhas sdo compostas, bipinadas de 15-19 cm de
comprimento, com 5-11 pinas opostas e foliolos em numero de 8-24 por pina
(figura 5). A arvore € bastante ornamental, podendo ser empregada na
arborizagdo de ruas e avenidas e aproveitada para plantios em areas
degradadas, além de fornecer lenha e madeira para construgéo civil (PIO
CORREA, 1984; LORENZI, 2002). Além disso, o pau-ferro é considerado uma
forrageira importante no Nordeste, tanto pela sua adaptagédo natural a regiao,
como também por fornecer forragem durante a seca (NASCIMENTO et al.,
2002).
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Figura 5. Arvore e folhas de Libidibia ferrea var. ferrea.

Fonte: Queiroz, (2009).

Na medicina popular, diversas propriedades terapéuticas de L. ferrea
foram descritas, que inclui tratamento de feridas, contusdes, combate a asma e
a tosse crbnica, diarréia e anemia (BRAGA, 1960; AGRA, 2007). Estudos
recentes tém comprovado as propriedades medicinais tanto de L. ferrea var
ferrea como das outras variedades. NAKAMURA et al.,, (2002a, 2002b)
estudaram dois componentes extraidos de L. ferrea, var ferrea o acido galico e
metil galato que apresentaram atividade anti-tumoral e inibitéria ao virus
Epstein-Barr. NOZAKI et al.,, (2007) isolaram um metabdlito de L. ferrea
Martius, o Pauferrol A, que exibiu atividade inibitéria a DNA topoisomerase Il e
induziu a apoptose em células leucémicas humanas (HL60). SILVA et al.
(2011) avaliaram o potencial antioxidante de frutos de L. ferrea, observando
significativo poder redutor do radical peréxido e inibicdo da degradagao do
DNA. Além disso, extratos de L. ferrea var ferrea apresentaram atividade
antimicrobiana frente a patdgenos orais, bem como inibiram a formagéo de
biofilme (SAMPAIO et al., 2009; TRENTIN et al., 2011).

2.5 INFECCOES BACTERIANAS
2.5.1 Infecgoes hospitalares

Os avangos tecnolégicos relacionados aos procedimentos invasivos,
diagndsticos e terapéuticos, e o aparecimento de microrganismos

multirresistentes aos antimicrobianos usados rotineiramente na pratica



17

hospitalar tornaram as infec¢gbes hospitalares um grave problema de saude
publica.

Infeccdo hospitalar ou nosocomial pode ser definida como qualquer
processo infeccioso que se manifesta quando da permanéncia do paciente no
hospital ou que pode ser relacionado a hospitalizagdo (PITTET 2008). Estas
infecgbes atingem o mundo todo e representam uma das maiores causas de
morbidade e mortalidade, provocando o aumento da permanéncia hospitalar,
resultando, além de maiores custos, em um aumento do estresse e sofrimento
ao paciente (PANHOTRA, 2005; MOURA, 2007). No Brasil, segundo o
Ministério da Saude, a taxa média de infeccdo hospitalar € aproximadamente
15%, no entanto esse indice varia significativamente, pois esta diretamente
relacionado com o nivel de atendimento e complexidade de cada hospital.
(BRASIL, 2004). Diferentes microrganismos como bactérias, fungos, e virus
causam infecgdes hospitalares. Dentre os agentes causadores destacam-se as
bactérias, pois constituem a microbiota humana, que normalmente néo trazem
riscos a individuos saudaveis, porém podem causar infecgdo em individuos
com estado clinico comprometido, denominadas assim de bactérias
oportunistas (MAKEDOU et al., 2005).

Geralmente os sitios de infeccdo hospitalar mais frequentemente
acometidos sao o trato urinario, feridas cirurgicas e o trato respiratério. Dentre
os principais patégenos associados a estas infecgdes encontram-se bactérias

gram-negativas e gram-positivas, listadas na tabela 3.
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Tabela 3. Principais bactérias causadoras de infeccdo hospitalar e sitios de

infecgao.

BACTERIAS SITIOS COMUNS DE ISOLAMENTO

Gram negativas
Escherichia coli Trato urinario, feridas cirurgicas, sangue

Pseudomonas sp Trato urinario, trato respiratorio, queimaduras

Proteus sp Trato urinario, feridas cirurgicas
Klebsiella sp Trato urinario, trato respiratoério, feridas cirurgicas

Enterobacter sp Trato urinario, trato respiratoério, feridas cirurgicas

Gram positivas

Staphylococcus aureus Pele, feridas cirurgicas, sangue
Staphylococcus epidermitis Pele, feridas cirurgicas, sangue
Streptococcus sp Trato urinario, trato respiratorio, feridas cirurgicas

Fonte: Adaptado de Brasil, (2004).

2.5.2 Resisténcia a antimicrobianos

A introducdo e o desenvolvimento do uso de antibiéticos configuram,
sem duvida, entre as mais importantes intervencdes farmacologicas em relagéao
a reducdo da morbidade e mortalidade humana. Nas ultimas décadas a
resisténcias a antimicrobianos tem aumentado significativamente em todo o
mundo, especialmente em hospitais. O uso intensivo de antibiéticos aumentou
drasticamente a frequéncia de resisténcia dos patdogenos humanos, reduzindo
a possibilidade de tratamento eficaz das infeccbes, aumentando o risco de
complicagdes e morte para o paciente (WOODFORD e LIVERMORE, 2009;
ANDERSSON e HUGHES, 2010).

Entre as espécies mais associadas a resisténcia a antimicrobianos estao
Staphylococcus aureus resistente a meticilina (conhecido como MRSA),

Acinetobacter baumannii, Enterococcus faecium, Pseudomonas aeruginosa,
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Clostridium  difficile, Escherichia coli e  Klebsiella  pneumoniae
(THEURETZBACHER et al., 2012).

Infeccoes por MRSA tém sido descritas mundialmente, tratando-se,
portanto de uma das bactérias mais disseminadas em todo o mundo. Nos
Estados Unidos, estudos realizados pelos Centros para Controle e Prevencao
de Doengas (CDC) avaliaram que o numero de infecgbes por MRSA estaria
préximo de 100 mil por ano, com cerca de 20 mil casos fatais (KLEVENS,
2007). Estudo realizado entre paises da América Latina (México, Argentina e
Brasil) mostrou incidéncia média de 26,5% de MRSA como agente de infecgéo
comunitaria de trato respiratério, sendo 31,3% no Brasil (MENDES et al., 2003).

Outros tipos de bactérias resistentes relacionadas com surtos mundiais
de infeccbes hospitalares sdo as produtoras de enzimas R-lactamases. A
producdo dessas enzimas, em geral, € o mecanismo de resisténcia mais
prevalente e importante na familia Enterobacteriaceae. Diferentes tipos de -
lactamases ja foram descritas e segundo AMBLER (1980), elas podem ser
classificadas com base na estrutura molecular e na homologia da sequéncia de
aminoacidos, resultando em quatro grandes grupos: A-carbapenemases do tipo
serina, B- Metalo- 3-lactamases, C- AmpC ou cefalosporinases, D-oxacilinases.

O mecanismo de resisténcia das bactérias produtoras de
carbapenemases esta diretamente associado a liberacdo dessa enzima, que
atua rompendo e inativando o anel betalactamico, importante componente da
estrutura quimica dos antimicrobianos, impedindo assim a acédo dos mesmos.
As carbapenemases de classe A ja foram identificadas nas bactérias Klebsiella
pneumoniae, Escherichia coli, Pseudomonas aeruginosa e Acinetobacter
baumannii e sdo conhecidas como KPC (sigla de Klebsiella pneumoniae-
carbapenemases) por terem sido encontradas inicialmente nessa bactéria
(YIGIT et al.,, 2008). No Brasil, bactérias produtoras dessa enzima foram
registradas pela primeira vez em 2005, mas somente em 2010 elas passaram a
causar surtos mais graves no pais, pois segundo a Agéncia Nacional de
Vigilancia Sanitaria (ANVISA), 246 pacientes foram contaminados, em varios

estados, e 19 casos de morte foram relatados (Brasil, 2010).
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Além da resisténcia a antimicrobianos, as bactérias possuem a
capacidade de formar biofiime que consiste de comunidades de células
bacterianas envolvidas por uma matriz polissacaridica produzida pelas
bactérias que permanecem aderentes a superficies inertes ou vivas. Os
biofilmes podem ser formados tanto nas mucosas (fibrose cistica), nos dentes
(placa dentaria) como em polimeros utilizados na pratica médica. A formacao
do biofilme parece ocorrer em duas etapas: adesdo da bactéria a uma
superficie e adesdo intercelular, formando multiplas camadas de células
bacterianas. Portanto, a presenga de um biofilme contribui para a patogénese
da infeccao em si, e ainda limita a eficacia da terapéutica antimicrobiana para o
ponto que a intervencdo cirurgica € muitas vezes necessaria para remover

tecidos infectados e/ou dispositivos implantados (YAMANE et al., 2010).

Apesar da grande diversidade de estruturas quimicas e diferentes
mecanismos de agao dos antibacterianos, o tratamento de infecgbes causadas
por bactérias resistentes tem sido cada vez mais dificil. Nao ha, atualmente, um
unico antibacteriano em uso clinico, contra o qual nao exista, pelo menos, uma
cepa a ele resistente. Desta forma, o sucesso no combate as infecgdes
bacterianas e o controle sobre o aparecimento de bactérias resistentes é
dependente do emprego criterioso dos antibacterianos e da descoberta de
novas moléculas (CLANCY et al., 2010).

2.6 METABOLITOS REATIVOS DO OXIGENIO (ROS)

Metabdlitos reativos do oxigénio (ROS, do termo em inglés: reactive
oxygen species), radicais livres e oxidantes sdo termos usados, para identificar
os intermediarios quimicos reativos do metabolismo do oxigénio (HALLIWELL e
GUTTERIDGE, 2003). Em condigbes fisiologicas do metabolismo celular
aerébio, o O, sofre reducao tetravalente, com aceitacdo de quatro elétrons,
resultando na formacao de H;O. Durante esse processo, sao formados
intermediarios reativos como: os radicais superéxido (O27) e hidroxila (OH") e, o
nao radical, peréxido de hidrogénio (H,0;) (FERREIRA e MATSUBARA, 1997;
NORDBERG e ARNER, 2001).
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O Radical superéxido (O27) € um radical livre, formado a partir do
oxigénio molecular pela adicdo de um elétron. Sua formagado ocorre
espontaneamente, especialmente na membrana mitocondrial, através da
cadeia respiratéria. E também produzido por flavoenzimas, lipoxigenases e
cicloxigenases. Sua formagdo ocorre em quase todas as células aerdbicas e
sao produzidos durante a ativacdo maxima de neutrdfilos, mondcitos e
eosindfilos. E um radical pouco reativo e ndo tem a habilidade de penetrar
membranas lipidicas, agindo, portanto, apenas no compartimento onde é
produzido (NORDBERG e ARNER, 2001).

Radical hidroxila (OH’) é considerado o radical livre mais reativo em
sistemas bioldgicos, sendo capaz de causar mais danos do que qualquer outro
ROS. E formado a partir do peréxido de hidrogénio em uma reacéo catalisada
por ions metais (Fe++ ou Cu+), denominada reagao de Fenton (FERREIRA e
MATSUBARA, 1997; NORDBERG e ARNER, 2001). O principal alvo da acéo
do radical hidroxila € o DNA (que sofre quebra da dupla cadeia) e os acidos
graxos insaturados (que sofrem peroxidagao lipidica) (HALLIWELL e
GUTTERIDGE, 2003, THOMAS et al., 2009).

O Peroxido de hidrogénio (H2O2) ndo € um radical livre, mas um
metabdlito do oxigénio extremamente deletério porque participa como
intermediario na reagcdo que produz o OH’; tem vida longa e é capaz de
atravessar membranas biologicas (FERREIRA e MATSUBARA, 1997;
NORDBERG e ARNER, 2001). Uma vez produzido, o H202 é removido por um
dos trés sistemas de enzimas antioxidantes: catalase, glutationa peroxidase e
peroxiredutases (NORDBERG e ARNER, 2001).

O processo de oxidacao é fundamental para a vida aerdbica. Os radicais
livres sao formados fisiologicamente pelos organismos, como resultado do
processo de respiragao celular que ocorre nas mitocdndrias, utilizado para
converter em energia os nutrientes absorvidos dos alimentos, a fim de gerar
ATP (MURPHY, 2009). Macréfagos e neutrdfilos produzem radicais livres que
sdo cruciais na defesa contra bactérias e fungos invasores. Existem ainda

algumas fontes exdgenas de radicais livres, tais como radiagdo, fumo e
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diversas substancias tdoxicas como solventes, herbicidas e medicamentos.
(VALKO et al., 2007; HALLIWELL, 2005).

As espécies radicalares sao altamente reativas podendo provocar
reagcdes em cadeia, como a oxidagao lipidica. Quando a geragao de radicais
livres € maior que a sua degradacdo pelas defesas antioxidantes, um
desequilibrio € gerado no organismo, denominado estresse oxidativo, que pode
levar a danos as macromoléculas biolégicas como lipidios, proteinas e DNA.
(MURPHY, 2009)

O estresse oxidativo tem um papel importante na patogénese de muitas
doencgas, pois com passar dos anos, os danos causados aos componentes
celulares se acumulam, contribuindo para a degeneragao de células somaticas
e indugao de doengas crénico-degenerativas, especialmente associadas com o
envelhecimento, destacando-se  cancer, doencas  cardiovasculares,
pulmonares, inflamatérias, mal de Parkinson, mal de Alzheimer e catarata
(SCALBERT et al., 2005; FEARON et al., 2009; CIENCEWICKI et al., 2008;
MOREIRA et al., 2008; DESAI et al., 2010).

2.6.1 Antioxidantes

Compostos antioxidantes podem ser definidos como qualquer substancia
que, quando presente em baixas concentracbes comparado aquela do
substrato oxidavel, retarda ou previne significativamente, a oxidagado daquele
substrato. (HALLIWELL et al., 1995; MATKOWSKI, 2008). Essa agao é
resultado de sua habilidade em reagir com radicais livres, estabilizando-os.

Nos organismos ha um sistema de defesa formado principalmente pelos
antioxidantes enzimaticos, composto pelas enzimas: superdoxido dismutase
(SOD); catalase (CAT), peroxiredoxinas (Prx), glutationa (GSH), glutationa
redutase (GR) e glutationa peroxidase (GPX). Auxiliando este sistema, existe o
nao enzimatico, composto principalmente pelas vitaminas, polifendis, e outros
(AMAROWICZ et al., 2004).
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Adicionalmente, os antioxidantes podem ser subdividos em sintéticos e
naturais. Os sintéticos sdo comumente usados na industria alimenticia, para
prevenir a deterioragao oxidativa, aumentando a vida de prateleira de alimentos
lipidicos. Sao exemplos de antioxidantes sintéticos: o butilhidroxitolueno (BHT),
o butilhidroxianisol (BHA), o propilgalato (PG) e o terciobutilhidroxinona (TBHQ)
(BARREIROS e DAVID, 2006). No entanto, propriedades carcinogénicas tém
sido apontadas para os antioxidantes sintéticos, dando énfase a pesquisa de
antioxidantes naturais (CHEUNG et al., 2003).

O uso de antioxidantes naturais tem aumentado com as descorbertas
das propriedades dos componentes que sao produzidos pelas plantas através
do metabolismo secundario. Atribui-se a presenca de compostos fendlicos, com
destaque aos flavondides, a atividade antioxidante dos componentes
produzidos pelos vegetais. Esses componentes podem atuar como agentes
redutores, sequestradores de radicais livres, quelantes de metais e /ou exibir
mais de uma dessas fungbes simultaneamente (ECKERT, 2012;
CRACIUNESCU et al., 2012).
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3. OBJETIVOS

3.1. GERAL

Avaliar a atividade antibacteriana e o sequestro de radicais livres, bem como

investigar os constituintes quimicos de folhas de Libidibia ferrea.

3.2. ESPECIFICOS

>

Obter os extratos com solventes de diferentes polaridades (ciclohexano,
cloroféormio, acetato de etila, metanol e agua) a partir de folhas de
Libidiba ferrea;

Realizar a abordagem fitoquimica dos extratos;
Avaliar a atividade antibacteriana dos extratos;

Determinar a concentragao inibitéria minima (CIM) e a concentragéo

bactericida minima (CBM) dos extratos;

Efetuar o fracionamento do extrato ciclohexanico (LFCH) por

cromatografia em coluna em silica gel,

Analisar o extrato ciclohexanico e suas fragbes por cromatografia gasosa

acoplada a espectrometria de massas (CG-EM);
Avaliar a atividade antibacteriana das fragdes purificadas de LFCH,;

Determinar a concentragao inibitéria minima (CIM) e a concentragéao

bactericida minima (CBM) das fragdes;

Determinar a atividade antioxidante in vitro dos extratos, por meio do

ensaio de sequestro do radical DPPH.
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ABSTRACT

Aim: This study aimed to evaluate antibacterial and antioxidant potential and
characterize chemical composition of Libidibia ferrea leaves collected from Vale
do Catimbau, Pernambuco- Brazil.

Materials and methods: GC-MS and TLC were used to determine the chemical
constituents of extracts and fractions from L. ferrea leaves. The antibacterial
activity was performed using micro-dilution broth method against gram positive
and gram negative bacteria and was determined MIC and MBC. Antioxidant
activity of extracts was determined by DPPH radical scavenger method.
Results: Chemical analysis of extracts and fractions from L. ferrea revealed
presence of several compounds as fatty acids, hydrocarbons, alkaloids,
flavonoids, cinnamic derivates, terpenes, steroids and tannins. All the extracts
from L. ferrea leaves showed inhibitory effect against tested bacteria (MIC
ranged from 0.39 mg/ml to 12.5 mg/ml) with bactericidal activity (MBC varied
from 0.39 mg/ml to 50 mg/ml) mainly against gram positive species. The best
antibacterial activity was observed in LFCH (MIC ranged from 0.39 mg/ml to
3.12 mg/ml) but to their four fractions isolated were less active. LFEtOAc,
LFMeOH and LFAq extracts showed even high potential antioxidant capturing
stable radical DPPH.

Conclusion: Libidibia ferrea leaves extracts can inhibit in vitro growth of human

pathogens and has high antioxidant power.

Keywords: Caatinga biome, Libidibia ferrea, antibacterial, antioxidants.
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1.Introduction

The caatinga (semi-arid) vegetation is a Brazilian biome that covers a vast
area in the northeastern. Marked by a severe climate with accentuated dryness,
caatinga plants have unique characteristics thus excellent for the search for
new active substances (Sampaio et al., 2002). Many medicinal plants species
from the caatinga are widely known and used in folk medicine and for
commercial manufacturing of phytotherapeutic products. (Albuquerque et al.,
2007; Agra et al., 2008).

Numerous plants used in traditional medicine are effective in treating
various ailments caused by oxidative stress, bacterial and/or viral infections.
Research has shown that medicinal plants exhibit antioxidant (Silva et al., 2011;
Asghar et al., 2011;), as well as antimicrobial (Trentin et al., 2011;lgbal et al.,
2012;Silva et al., 2012b) activity.

Libidibia ferrea var. ferrea (= Caesalpinia ferrea; Caesalpininoideae) is a
leguminous tree widely distributed in the northern and northeastern regions of
Brazil, where it is commonly known as pau-ferro. The bark, seeds, roots, leaves
and fruits from this plant are used in Brazilian folk medicine (anti-inflammatory,
treatment of bronchitis, anemia, labyrinthitis, renal problems, inflammations in
general, antiulcerogenic, stress, fatigue) (Nakamura et al., 2002; Albuquerque
et al., 2002; Albuquerque et al., 2007; Gonzalez, 2005). The folkloric use of this
plant led various researchers to investigate its properties. It has been reported
that L. ferrea reduced blood glucose levels in rats (Vasconcelos et al., 2011). It
also showed antimicrobial (Sampaio et al., 2009; Silva et al., 2012a),
antioxidant (Silva et al., 2011), antitumoral (Nozaki et al., 2007), anti-
inflammatory (Carvalho et al., 1996), antiulcer (Bacchi et al., 1994), well as

cancer chemopreventive properties (Nakamura et al., 2002).

The aims of the present study were to evaluate antioxidant and
antibacterial activities as well characterize the composition of Libidibia ferrea

leaves collected from Caatinga area. This study represents the first systematic
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analysis of phytochemicals, antioxidant and antimicrobial properties of L. ferrea

leaves as a potentially new source of biologically active natural products.

2. Materials and methods

2.1 Plant material

Leaves of L. ferrea were collected from Vale do Catimbau, Pernambuco-
Brazil, a preservation area of Caatinga bioma, at non-raining season. Botanical
identification was made from Herbarium of Instituto de Pesquisa Agronédmica de
Pernambuco (IPA-PE), Brazil and voucher specimen was submitted in the

herbarium.

2.2 Extraction

The dried and crushed L. ferrea leaves (0.34 kg) were extracted with
organic solvents as a result of increasing polarity: cyclohexane (LFCH),
chloroform (LFCF), ethyl acetate (LFEtOAc), methanol (LFMeOH) and distilled
water (LFAQ). The extraction took place at room temperature, under stirring at
3000 rpm for 12 hours. Then the extracts were filtered and solvents were
removed using a rotary evaporator. The yield of the dried extracts obtained was
2.66, 0.47, 1.07, 11.9 and 4.9% for LHCH, LFCF, LFEtOAc, LFMeOH and
LFAq, respectively.

2.3 Purification and identification of active compounds

Among the five extracts, the preliminary antibacterial test shows that
LFCH was more active than other extracts so it was analyzed by Gas
Chromatography-Mass Spectrometry (GC-MS).

The purification of the LFCH extract was performed by column chromatography
(CC) on silica gel using CgHq4; CeH1is- CHCL, mixtures (9:1, 1:1, v/v) and



42

CH.CL, solvents for elution, corresponded the fractions F1, F2, F3 and F4,
respectively.  Subsequently four fractions were analyzed by (GC-MS).
Identification of the components was accomplished by comparison of retention
times with matching mass spectral data with the data base Library. The
analyses by GC-MS were performed on Central Analitica, Universidade Federal

de Pernambuco, Brazil.
2.3 Phytochemical analysis

Phytochemical evaluation of the five extracts was performed. Samples
were analyzed by thin layer chromatography (TLC) on polyamide sheet
(Merck®). The analyses used several systems of development as mobile phase,
reagents for adequate revelation and chromatographic standards. Each sample
was investigated for the presence of of tannins, alkaloids, flavonoids,
carbohydrates, cinnamic derivatives and terpenes. (Harborne, 1998; Markhan,
1982; Wagner and Bladt, 1996).

2.4 Antibacterial Activity

2.4.1 Microorganism

Gram-positive (Bacillus subtilis ATCC-6633, Staphylococcus aureus
ATCC-6538) and Gram-negative (Escherichia coli ATCC-25922, Proteus
vulgaris ATCC-13315 and Pseudomonas aeruginosa ATCC-27853) bacterial
strains were provided by the Departamento de Antibidticos, Universidade
Federal de Pernambuco, Brazil. All bacteria were maintained in Nutrient Agar
(NA) and stored at 4° C. The cultures were adjusted turbidimetrically at a
wavelength of 490 nm to 1 x 10® colony forming units (CFU)ml (0.5 in

McFarland scale).

2.4.2 Determination of the Minimum inhibitory concentration (MIC) and the

Minimum bactericidal concentration (MBC)
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The samples were ressuspended in dimethylsulfoxide (DMSO). Aliquots
(150 pL) of extract (100 mg/ml) or fraction (20 mg/ml) and Clindamicin
(10mg/ml) were submitted to a serial dilution in microtiter plate containing
Mueller Hinton Broth (150 pyL per well). Subsequently, 20 pL of bacterial
suspension was applied to each well and the plate was incubated at 37 °C for
24 h. After incubation, the optical density at 490 nm (OD490) was measured
using a spectrophotometer for microplates. The assays were performed in
triplicate. Control assay contained Mueller Hinton Broth and microorganism.
The minimal inhibitory concentration (MIC) corresponded to the lowest sample
concentration able to inhibit the growth of 50% or more of microorganisms
relative to the negative control (Amsterdam, 1996).
Minimal bactericide concentration (MBC) was determined starting from the
results of MIC assay. Inoculations (10 pL) from the wells in which the sample
inhibited bacterial growth were transferred to petri plates containing Mueller
Hinton agar. The number of CFU grown in plates was determined after
incubation at 37 -C for 24 h. The MBC corresponded to the minimum

concentration of extract/fraction in which no bacterial growth was observed.

2.5 DPPH radical scavenging activity

DPPH free radical scavenging activities of the extracts were determined
according to the method of Brand-Wiliams et al. (1995), with a few
modifications. In plate with 96 wells was added 0.04 mL of diluted in methanol
samples and 0.25 mL of the DPPH (2.22 mg/mL). After 30 min at room
temperature and in the dark, absorbance was measured at 517 nm. For the
blank was added 0.04 mL of solvent with 0.25 mL of DPPH solution. For the
positive control was used 0.04 mL of quercetina (Sigma-Aldrich®) in presence of
the DPPH solution. All extracts and standard were at concentrations at 10 to
50ug/ml.  DPPH free radical scavenging (FRS) activity was calculated
according to the equation: FRS (%) = Ac — As |/ Ac x 100 where, Ac is the

absorbance of the control and As is the absorbance of the sample.
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3. RESULTS AND DISCUSSION

3.1 Phytochemical analysis

The phytochemical assay revealed presence of several classes of
secondary compounds listed in Table 1. Flavonoids were observed in all
extracts. The presence of cinnamic derivatives and tannins was observed in
LFEtAc, LFMeOH and LFAq. Alkaloids were observed only at LFEtAc.
Terpenes were found in LFCH and LFCF. Carbohydrates, specifically sucrose,
were observed in LFEtAc and LFAQ.

Aqueous extracts of L. ferrea fruits, characterized by Carvalho (1996)
contained tannins, alkaloids, anthraquinones, sugars, flavonoids, saponins and
triterpenes. A phytochemical study of L. ferrea bark revealed the presence of
flavonoids, saponins, tannins, coumarins, steroids and phenolic compounds
(Gonzalez et al., 2004). Nakamura et.al. (2002) have isolated two components
extracted from pauferro, methyl gallate and gallic acid, which showed antitumor
and inhibitory to the Epstein-Barr virus activities. Nozaki et al. (2007) isolated a
metabolite of C. ferrea, Pauferrol A, with showed inhibitory activity of DNA
topoisomerase Il enzyme and induces apoptosis in human leukemia cells. This
present study was the first to report phytochemical constituents of L. ferrea

leaves.

3.2 GC-MS analysis

The GC-MS analysis (Table 2) of LFCH showed aldehydes, alkanes and
a diterpen, phytol, major compound, has been reported with antimicrobial agent
against mycobacteria (Rajab et al., 1998). The fractions obtained of purified
extract by column chromatography revealed by GC-MS analysis 16 compounds,
including fatty acids, terpenes, steroids and alkanes with various activities.

The first fraction (F1) showed a fatty acid and sesquiterpenes, nerolidol
and globulol. Tan et al (2008) reported antimicrobial activity of Eucalyptus
globulus Labill fruits and suggested that globulol was the main compound

bioactive present in ethanol extract. Brehm & Johnson (2003) showed that
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nerolidol sensitized S. aureus and E. coli, increasing susceptibility of these
microorganisms to important antimicrobial agents as ciprofloxacin and
clindamycin. Antileishmanial activity of nerolidol also has been reported (Arruda
et al.,, 2005). Fraction F2 is composed of two fatty acids, palmitic acid and
linoleic acid. Some studies show that fatty acids found in plants may be
responsible for the antimicrobial activity (Nazif, 2002; Shafaghat, 2011;
Tamokou et al, 2012). The fraction F3 showed the highest amount of identified
compounds, including carboxylic acids, steroids and terpenes (sesquiterpene,
and diterpene). y- Sitosterol is a phytosteroid present in many plants with
antifungal and antibacterial activities (Zang et al., 2011). Another compound
found, viridiflorol, is a sesquiterpene present in many essential oils of plant with
insecticidal activity (Aboua et al., 2010). The last fraction (F4) is composed only
by heptacosane alkane, which has been described as one of the major
components of essential oil isolated from Dieffenbachia picta with antibacterial
activity (Oloyede et al., 2011).

3.2 Antibacterial Activity

The results of antibacterial activity of L. ferrea using micro-dilution broth
method are shown in Table 3. The five leaf extracts showed inhibitory effect
against all tested bacteria. The MIC ranged from 0.39 mg/ml to 12.5 mg/ml and
MBC varied from 0.39 mg/ml to 50 mg/ml. Among the tested extracts, LFCH,
LFCF and LFEtOAc showed the best inhibitory effects for gram-positive and
gram-negative bacteria. The strongest activity was of LFCH with MIC ranging
from 0.39 mg/ml to 3.12 mg/ml and MBC ranging from 0.78 mg / ml to 12.5 mg
ml. This may be related to the presence of terpenes and flavonoids in extract,
compounds that showed antibacterial and antifungal activities (Erasto et al.,
2004; Galvao, et al., 2012) as phytol, major compound of extract, that showed
antibacterial activity in previous study (Rajab et al., 1998). The antimicrobial
activity of terpenes has been attributed to their interaction with cellular
membranes (Sikkema et al., 1995). The extracts LFMeOH and LFAq exhibited
moderate antibacterial activity however, S. aureus was more sensitive to the
action of LFMeOH with MIC of 0.39 mg/ml and MBC of 1.56 mg/ml.
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Clindamycin, positive control, inhibited bacterial growth with MIC values ranging
from 0.019 to 0.19 mg/ml and MBC between 0.039 to 0.39 mg/ml.

The highest levels of antibacterial activity of the extracts were observed
against Staphylococcus aureus and Bacillus subtilis, Gram-positive bacteria
species. Urzua, (1998) suggested that Gram-negative bacteria are less
susceptible to active compounds present in the extracts due to the presence of
the outer membrane consisting of lipoproteins and lipopolysaccharides, which is
selectively permeable and thus regulates access of various molecules. Our
results show that increase of antibacterial activity was observed with decreasing
polarity of extracts, this suggest that compounds present in less polar extracts
are responsible for the potential activity. Silveira et al (2005) found similar
results.

The MBC/MIC ratio ranged from 1 to 2 for LFCF, 1 to 4 for LFCH and
LFMeOH , 2 to 4 for LFEtAc. Antimicrobial substances are considered
bacteriostatic agents when the MBC/MIC> 4 ratio, and bactericides when
MBC/MIC = 4 (Gatsing et al., 2009). Therefore, most of the extracts exhibited
bactericidal activity against the bacteria tested, except LFAq that showed a
relationship MBC / MIC> 4 against Proteus vulgaris and clinical isolates of S.
aureus (IC 660, IC 676), suggesting a bacteriostatic agent.

Extracts of fruits of Caesalpinia ferrea Martius showed potent
antimicrobial activity against oral pathogens (Sampaio et al., 2009). Previous
studies have also evaluated the antimicrobial activity of plants found in
Northeastern Brazil (Ramos et al., 2009; Padilha et al., 2010; Silva et al., 2012).

The purified fractions from LFCH exhibited moderate antibacterial activity
when compared with the extract (Table 4). All fractions exhibited MIC ranging
from 5 mg/ml to 10 mg/ml for clinical isolates, except UFPEDAO2 strain that
MIC varied from 0.625mg/ml to 5 mg / ml. The MBC/MIC ratio varied for all
fractions between 2 to > 4, thus suggesting a bacteriostatic effect. The
antimicrobial activity of compounds present in LFCH was reduced after
fractionation, suggesting the possibility of synergism between molecules
present in the extract (Delasquis et al., 2002).
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3.3 Antioxidant activity

The total antioxidant activity of extracts was determined by the ability of
antioxidants present in the samples to capture the stable radical DPPH (2,2-
diphenyl-1-picril-hydrazyl). The method is based on the DPPH radical
scavenger by antioxidants with conversion to its reduced form, consequently,
producing a decrease in absorbance. Thus, the methanol solution of DPPH,
initially violet, turns yellow and the degree of discoloration indicates the ability of
the antioxidant free radical scavenger (Lugasi et al., 1998). According to the
results obtained, L. ferrea extracts exhibited high antioxidant activity, compared
to quercetin, shows in Figure 1. The ability of extracts towards scavenging
DPPH radicals can be ranked LFAq > LFMeOH > LFEtOAc. The extracts LFCH
and LFCF did not exhibit antioxidant activity in tested concentrations. Silva et
al (2011) reported strong antioxidant activity of L. ferrea fruits evaluated by in
vitro assays. The ethanol extract of leaves of Caesalpinia bonduc also shows
high antioxidant activity (Sivasankari, et al 2011).

Free radicals have been implicated in many disease conditions, mainly
chronic diseases such as cancer, cardiovascular and neurological disease
(Pratico and Delant, 2000). Herbal drugs containing radical scavengers are
gaining importance in the treatment of such diseases. Many plants exhibit
efficient antioxidant activities owing to their phenolic constituents, including
flavonoids (Pourmorad et al., 2006; Chang et al., 2002; Bashi et al., 2012).
Caatinga plants showed antioxidant activity related with high phenolic content in
previous study (Silva et al., 2011). Increased production of these compounds
maybe related a protective effect in response to high incidence of the solar

radiation in environments as Caatinga.

4. CONCLUSIONS

According to the results presented in this study L. ferrea leaves exhibited
strong antibacterial activity and cyclohexane extract (LFCH) showed the most
active among the fractions/extracts tested, mainly against Staphylococcus

aureus, a important human pathogen related in nosocomial infections. Leaves
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extracts even showed high potential antioxidant with similar capacity of
commercial quercetin.
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Table 1: Screening of phytochemicals of L.ferrea var. ferrea leaves extracts.

Extract Tannin Flavon Alkalo carbohydr Cinnamic Terpe

s oids ids ates derivatives nes
LFCH - + - - _ -
LFCF - + - - - -
LFEtAc + + + + + +
LFMeOH + + - - + -
LFAq + + - + + -

(+) Present; (-) Absent
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Table 2. Chemical composition of L.ferrea extract and purified fractions.

SAMPLE CONSTITUENTS RT*(minutes) | T.P*.(%)

LFCH octadecanal 28.740 5.07
n-dodecanal 28.858 3.76
octacosane 30.377 17.34
Docosane 30.504 16.86
pentadecane 43.032 3.77
Phytol 53.220 53.21

F1 Pentadecanoic acid 16.883 0.59
globulol 23.208 65.12
nerolidol 26.625 34.29

F2 Palmitate acid 23.700 7.10
Linolenic acid 27.983 92.90

F3 n-decanal 15.958 1.76
14-methyl- 16.797 6.87
pentadecanoate
1,2-benzenedicarboxylic
acid 17.994 4.26
Phytol 19.142 25.25
Hexanoic acid 21.001 11.18
1,2-benzenedicarboxylic | 22:652 4.97
acid 26.222 11.49
Benzoic acid 26.549 16.82
Pyrrolidine 39 027 048
y- Sitosterol 40.617 6.93
2,4_1-pyridinedicarboxylic 40.683 0.97
acid

F4 nonacosane 53.093 100

*RT= Retention Time, T.P. = Total Percentage.
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Table 3. Antibacterial Activity of L. ferrea extracts against gram-positive and

gram-negative bacteria.

Antibiotic Libidibia ferrea Extracts
Microorganism Clindamicyn LFCH LFCF LFEtAc LFMeOH LFAq
MIC* MBC* MIC* MBC* MIC* MBC* MIC* MBC* MIC* MBC* MIC* MBC*
B. subtilis 0.039 0.039 0.78 156 0.78 0.78 156 6.25 3,12 6,25 12,5 50
E. coli 0.019 0.039 156 6.25 6.25 6.25 6.25 125 125 50 12,5 50
Proteus 0.039 0.039 312 125 6.25 125 125 25 125 25 50 >100
vulgaris
P. aeruginosa 0,190 0,390 156 3.12 3.12 312 156 312 6,25 125 6,25 25
S. aureus 0.019 0.078 039 0.78 0.78 156 078 312 039 156 625 125
IC 660 0.156 0.312 312 6.25 6.25 6.25 6.25 125 125 125 25 >100
IC 663 0.039 0.039 0.78 0.78 0.19 039 039 078 6,25 125 125 25
IC676 0.019 0.078 3.12 125 312 312 156 312 6,25 6,25 50 >100
IC 712 0.019 0.039 312 125 156 3.12 312 125 0,78 6,25 25 50

*mg/ml
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Table 4. Antimicrobial activity of fractions isolated from LFCH extract of L.ferrea
against Staphylococcus aureus.

S.aureu Soucer F1 F2 F3 F4
s

MIC MBC MIC MBC MIC* MBC MIC MBC

* * * * * * *

02 Standard 5 10 2,5 5 0.62 5 2,5 10
strain 5

660 Vaginal 5 10 5 >10 5 10 5 >10

secretion

663 Catheter 10 >10 10 >10 10 >10 5 10
Tip

676 Prosthesi 10 >10 5 >10 5 10 5 >10
s

Secretion

712 Wound 10 >10 5 10 5 10 10 >10
Secretion

*mg/ml
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LFEtAc
EELFMeOH
E=8LFAq
B8 Quercetin

Figure 1. DPPH radical scavenging of extracts, quercetin was used as

reference. Absorbance of the reaction was measured at 517 nm. Values are

means + S.D. (n = 3).
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4 CONCLUSOES

Com base nos estudos realizados, podemos concluir que:

e Os extratos de folhas de Libidibia ferrea contém alcaldides, carboidratos,

derivados cinamicos, flavonodides, taninos e terpenos;

e Os extratos apresentaram significativa atividade antibacteriana, com
efeito bactericida, demonstrando maior atividade frente as bactérias

gram-positivas;

e LFCH apresentou maior atividade antibacteriana quando comparado
com os demais extratos, sendo mais eficaz contra Staphylococcus

aureus,

e As fragcbes de LFCH sado constituidas de acidos graxos, alcanos,
esterdides e terpenos e apresentaram moderada atividade

antibacteriana;

e Os extratos LFEtAc, LFMeOH e LFAq apresentaram potente atividade
antioxidante, destacando-se os dois ultimos que demonstraram maior

sequestro de DPPH que a quercetina.
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stepwise through the creation and uploading of your files. The system
automatically converts source files to a single PDF file of the article, which is
used in the peer-review process. Please note that even though manuscript
source files are converted to PDF files at submission for the review process,
these source files are needed for further processing after acceptance. All
correspondence, including notification of the Editor's decision and requests for
revision, takes place by e-mail removing the need for a paper trail.

Additional information

Authors who want to submit a manuscript should consult and peruse carefully
recent issues of the journal for format and style. Authors must include the
following contact details on the title page of their submitted manuscript: full
postal address; fax; e-mail. All manuscripts submitted are subject to peer
review. The minimum requirements for a manuscript to qualify for peer review
are that it has been prepared by strictly following the format and style of the
journal as mentioned, that it is written in good English, and that it is complete.
Manuscripts that have not fulfilled these requirements will be returned to the
author(s).
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In addition, you are recommended to adhere to the research standards
described in the following articles:

Cos P, Vlietinck AJ, Berghe DV, et al. Anti-infective potential of natural
products: how to develop a stronger in vitro ‘proof-of-concept. J
Ethnopharmacol 2006, 106: 290-302. Click here.

Matteucci, E., Giampietro, O. Proposal open for discussion: defining agreed
diagnostic procedures in experimental diabetes research. J Ethnopharmacol
2008,115: 163-172. Click here.

T.SA. Froede and Y.S. Medeiros Animal models to test drugs with potential
antidiabetic activity. J Ethnopharmacol 2008, 115: 173-183. Click here.

PREPARATION

Use of wordprocessing software

It is important that the file be saved in the native format of the wordprocessor
used. The text should be in single-column format. Keep the layout of the text as
simple as possible. Most formatting codes will be removed and replaced on
processing the article. In particular, do not use the wordprocessor's options to
justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only
one grid for each individual table and not a grid for each row. If no grid is used,
use tabs, not spaces, to align columns. The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to
Publishing with Elsevier: http://www.elsevier.com/guidepublication). Note that
source files of figures, tables and text graphics will be required whether or not
you embed your figures in the text. See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check'
and 'grammar-check’ functions of your wordprocessor.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections
should be numbered

1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section
numbering). Use this numbering also for internal cross-referencing: do not just
refer to 'the text'. Any subsection may be given a brief heading. Each heading
should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding
a detailed literature survey or a summary of the results.

Material and methods

Provide sufficient detail to allow the work to be reproduced. Methods already
published should be indicated by a reference: only relevant modifications should
be described.
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Theory/calculation

A Theory section should extend, not repeat, the background to the article
already dealt with in the Introduction and lay the foundation for further work. In
contrast, a Calculation section represents a practical development from a
theoretical basis.

Results
Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them.
A combined Results and Discussion section is often appropriate. Avoid
extensive citations and discussion of published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions
section, which may stand alone or form a subsection of a Discussion or Results
and Discussion section.

Glossary
Please supply, as a separate list, the definitions of field-specific terms used in
your article.

Appendices

If there is more than one appendix, they should be identified as A, B, etc.
Formulae and equations in appendices should be given separate numbering:
Eq. (A1), Eq. (A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on.
Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information

 Title. Concise and informative. Titles are often used in information-retrieval
systems. Avoid

abbreviations and formulae where possible.

» Author names and affiliations. \Where the family name may be ambiguous
(e.g., a double name), please indicate this clearly. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all
affiliations with a lower-case superscript letter immediately after the author's
name and in front of the appropriate address. Provide the full postal address of
each affiliation, including the country name and, if available, the e-mail address
of each author.

» Corresponding author. Clearly indicate who will handle correspondence at
all stages of refereeing and publication, also post-publication. Ensure that
telephone and fax numbers (with country and area code) are provided in
addition to the e-mail address and the complete postal address. Contact
details must be kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work
described in the article was done, or was visiting at the time, a 'Present address'
(or 'Permanent address') may be indicated as a footnote to that author's name.
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The address at which the author actually did the work must be retained as the
main, affiliation address. Superscript Arabic numerals are used for such
footnotes.

Abstract

A concise and factual abstract is required. The abstract should state briefly the
purpose of the research, the principal results and major conclusions. An
abstract is often presented separately from the article, so it must be able to
stand alone. For this reason, References should be avoided, but if essential,
then cite the author(s) and vyear(s). Also, non-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their
first mention in the abstract itself.

The author should divide the abstract with the headings
Ethnopharmacological relevance, Materials and Methods, Results, and
Conclusions. Click here to see an example.

Graphical abstract

A Graphical abstract is mandatory for this journal. It should summarize the
contents of the article in a concise, pictorial form designed to capture the
attention of a wide readership online. Authors must provide images that clearly
represent the work described in the article. Graphical abstracts should be
submitted as a separate file in the online submission system. Image size:
please provide an image with a minimum of 531 x 1328 pixels (h x w) or
proportionally more. The image should be readable at a size of 5 x 13 cm using
a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or
MS Office files. See http://www.elsevier.com/graphicalabstracts for examples.
Authors can make use of Elsevier's lllustration and Enhancement service to
ensure the best presentation of their images also in accordance with all
technical requirements: lllustration Service.

Keywords

After having selected a classification in the submission system, authors must in
the same step select 5 keywords. These keywords will help the Editors to
categorize your article accurately and process it more quickly. A list of the
classifications and set keywords can be found here.

In addition, you can provide a maximum of 6 specific keywords, using American
spelling and avoiding general and plural terms and multiple concepts (avoid, for
example, "and", "of"). Be sparing with abbreviations: only abbreviations firmly
established in the field may be eligible. These keywords will be used for
indexing purposes.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before
the references and do not, therefore, include them on the title page, as a
footnote to the title or otherwise. List here those individuals who provided help
during the research (e.g., providing language help, writing assistance or proof
reading the article, etc.).
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Database linking

Elsevier encourages authors to connect articles with external databases, giving
their readers oneclick access to relevant databases that help to build a better
understanding of the described research. Please refer to relevant database
identifiers using the following format in your article: Database: xxxx (e.g., TAIR:
AT1G01020; CCDC: 734053; PDB: 1XFN). See
http://www.elsevier.com/databaselinking for more information and a full list of
supported databases.

Math formulae

Present simple formulae in the line of normal text where possible and use the
solidus (/) instead of a horizontal line for small fractional terms, e.g., X/Y. In
principle, variables are to be presented in italics. Powers of e are often more
conveniently denoted by exp. Number consecutively any equations that have to
be displayed separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the
article, using superscript Arabic numbers. Many wordprocessors build footnotes
into the text, and this feature may be used. Should this not be the case, indicate
the position of footnotes in the text and present the footnotes themselves
separately at the end of the article. Do not include footnotes in the Reference
list.

Table footnotes

Indicate each footnote in a table with a superscript lowercase letter.

Artwork

Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.
+ Save text in illustrations as 'graphics' or enclose the font.

* Only use the following fonts in your illustrations: Arial, Courier, Times, Symbol.
* Number the illustrations according to their sequence in the text.

» Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Produce images near to the desired size of the printed version.

» Submit each figure as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed
information are given here.

Formats

Regardless of the application used, when your electronic artwork is finalised,
please 'save as' or convert the images to one of the following formats (note the
resolution requirements for line drawings, halftones, and line/halftone
combinations given below):

EPS: Vector drawings. Embed the font or save the text as 'graphics'.



73

TIFF: Color or grayscale photographs (halftones): always use a minimum of 300
dpi.

TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF: Combinations bitmapped line/half-tone (color or grayscale): a minimum of
500 dpi is required.

If your electronic artwork is created in a Microsoft Office application (Word,
PowerPoint, Excel) then please supply 'as is'.

Please do not:

» Supply files that are optimised for screen use (e.g., GIF, BMP, PICT, WPG);
the resolution is too low;

* Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the content.

Please note that figures and tables should be embedded in the text as close as
possible to where they are initially cited. It is also mandatory to upload separate
graphic and table files as these will be required if your manuscript is accepted
for publication.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF, EPS or
MS Office files) and with the correct resolution. If, together with your accepted
article, you submit usable color figures then Elsevier will ensure, at no additional
charge, that these figures will appear in color on the Web (e.g., ScienceDirect
and other sites) regardless of whether or not these illustrations are reproduced
in color in the printed version. For color reproduction in print, you will
receive information regarding

the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or on the Web only. For further
information on the preparation of electronic artwork, please see
http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting
color figures to 'gray scale' (for the printed version should you not opt for color
in print) please submit in addition usable black and white versions of all the
color illustrations.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not
attached to the figure. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations
themselves to a minimum but explain all symbols and abbreviations used.

Tables

Number tables consecutively in accordance with their appearance in the text.
Place footnotes to tables below the table body and indicate them with
superscript lowercase letters. Avoid vertical rules. Be sparing in the use of
tables and ensure that the data presented in tables do not duplicate results
described elsewhere in the article.
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References

Citation in text

Please ensure that every reference cited in the text is also present in the
reference list (and vice versa). Any references cited in the abstract must be
given in full. Unpublished results and personal communications are not
recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard
reference style of the journal and should include a substitution of the publication
date with "Unpublished results".

"Personal communication" will not be accepted as a reference. Citation of a
reference as "in press" implies that the item has been accepted for publication.

Reference management software

This journal has standard templates available in key reference management
packages EndNote (http://www.endnote.com/support/enstyles.asp) and
Reference Manager (http://refman.com/support/rmstyles.asp). Using plug-ins to
wordprocessing packages, authors only need to select the appropriate journal
template when preparing their article and the list of references and citations to
these will be formatted according to the journal style which is described below.

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity)
and the year of publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by "et al." and the year of
publication. Citations may be made directly (or parenthetically). Groups of
references should be listed first alphabetically, then chronologically. Examples:
"as demonstrated (Allan, 1996a, 1996b, 1999; Allan and Jones, 1995). Kramer
et al.

(2000) have recently shown ...."

List: References should be arranged first alphabetically and then further sorted
chronologically if necessary. More than one reference from the same author(s)
in the same year must be identified by the letters "a", "b", "c", etc., placed after
the year of publication. Please use full journal names.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2000. The art of writing a
scientific article. Journalcof Scientific Communication. 163, 51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 1979. The Elements of Style, third ed. Macmillan,
New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 1999. How to prepare an electronic version of your
article, in: Jones, B.S.,cSmith , R.Z. (Eds.), Introduction to the Electronic Age.
E-Publishing Inc., New York, pp. 281-304.
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Video data

Elsevier accepts video material and animation sequences to support and
enhance your scientific research. Authors who have video or animation files that
they wish to submit with their article are strongly encouraged to include these
within the body of the article. This can be done in the same way as a figure or
table by referring to the video or animation content and noting in the body text
where it should be placed. All submitted files should be properly labeled so that
they directly relate to the video file's content. In order to ensure that your video
or animation material is directly usable, please provide the files in one of our
recommended file formats with a preferred maximum size of 50 MB. Video and
animation files supplied will be published online in the electronic version of your
article in Elsevier Web products, including ScienceDirect:
http://www.sciencedirect.com. Please supply 'stills' with your files: you can
choose any frame from the video or animation or make a separate image.
These will be used instead of standard icons and will personalize the link to
your video data. For more detailed instructions please visit our video instruction
pages at http://www.elsevier.com/artworkinstructions.

Note: since video and animation cannot be embedded in the print version of the
journal, please provide text for both the electronic and the print version for the
portions of the article that refer to this content.

Supplementary data

Elsevier accepts electronic supplementary material to support and enhance
your scientific research. Supplementary files offer the author additional
possibilities to publish supporting applications, highresolution images,
background datasets, sound clips and more. Supplementary files supplied will
be published online alongside the electronic version of your article in Elsevier
Web products, including ScienceDirect: http://www.sciencedirect.com. In order
to ensure that your submitted material is

directly usable, please provide the data in one of our recommended file formats.
Authors should submit the material in electronic format together with the article
and supply a concise and descriptive caption for each file. For more detailed
instructions please visit our artwork instruction pages at
http://www.elsevier.com/artworkinstructions.

Submission checklist

The following list will be useful during the final checking of an article prior to
sending it to the journal for review. Please consult this Guide for Authors for
further details of any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact
details:

* E-mail address

* Full postal address

* Telephone and fax numbers

All necessary files have been uploaded, and contain:
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» Keywords

+ All figure captions

* All tables (including title, description, footnotes)

Further considerations

* Manuscript has been 'spell-checked' and 'grammar-checked'

* References are in the correct format for this journal

* All references mentioned in the Reference list are cited in the text, and vice
versa

* Permission has been obtained for use of copyrighted material from other
sources (including the Web)

* Color figures are clearly marked as being intended for color reproduction on
the Web (free of charge)

and in print, or to be reproduced in color on the Web (free of charge) and in
black-and-white in print

* If only color on the Web is required, black-and-white versions of the figures are
also supplied for printing purposes

For any further information please visit our customer support site at
http://support.elsevier.com.

AFTER ACCEPTANCE

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be used to cite and link to electronic
documents. The DOI consists of a unique alpha-numeric character string which
is assigned to a document by the publisher upon the initial electronic
publication. The assigned DOI never changes. Therefore, it is an ideal medium
for citing a document, particularly 'Articles in press' because they have not yet
received their full bibliographic information. Example of a correctly given DOI (in
URL format; here an article in the journal Physics Letters

B): http://dx.doi.org/10.1016/j.physletb.2010.09.059

When you use a DOI to create links to documents on the web, the DOls are
guaranteed never to change.

Proofs

One set of page proofs (as PDF files) will be sent by e-mail to the
corresponding author (if we do not have an e-mail address then paper proofs
will be sent by post) or, a link will be provided in the e-mail so that authors can
download the files themselves. Elsevier now provides authors with PDF proofs
which can be annotated; for this you will need to download Adobe Reader
version 7 (or higher) available free from http://get.adobe.com/reader.
Instructions on how to annotate PDF files will accompany the proofs (also given
online). The exact system requirements are given at the Adobe

site: http://www.adobe.com/products/reader/tech-specs.html.

If you do not wish to use the PDF annotations function, you may list the
corrections (including replies to the Query Form) and return them to Elsevier in
an e-mail. Please list your corrections quoting line number. If, for any reason,
this is not possible, then mark the corrections and any other comments
(including replies to the Query Form) on a printout of your proof and return by
fax, or scan
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the pages and e-mail, or by post. Please use this proof only for checking the
typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be
considered at this stage with permission from the Editor. We will do everything
possible to get your article published quickly and accurately — please let us
have all your corrections within 48 hours. It is important to ensure that all
corrections are sent back to us in one communication: please check carefully
before replying, as inclusion of any subsequent corrections cannot be
guaranteed. Proofreading is solely your responsibility. Note that Elsevier may
proceed with the publication of your article if no response is received.

Offprints

The corresponding author, at no cost, will be provided with a PDF file of the
article via e-mail. For na extra charge, paper offprints can be ordered via the
offprint order form which is sent once the article is accepted for publication. The
PDF file is a watermarked version of the published article and includes a cover
sheet with the journal cover image and a disclaimer outlining the terms and
conditions of use.

AUTHOR INQUIRIES

For inquiries relating to the submission of articles (including electronic
submission) please visit this journal's homepage. For detailed instructions on
the preparation of electronic artwork, please visit
http://www.elsevier.com/artworkinstructions. Contact details for questions
arising after acceptance of an article, especially those relating to proofs, will be
provided by the publisher. You can track accepted articles at
http://www.elsevier.com/trackarticle. You can also check our Author FAQs at
http://www.elsevier.com/authorFAQ and/or contact Customer Support via
http://support.elsevier.com.



