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RESUMO

Compostos presentes em algas marinhas podem desempenhar importantes funcbes bioldgicas,
entre elas: atividade antimicrobiana, antifungica, citotdxica, larvicida, moluscicida, de forma
direta “in vivo” ou indireta, ativando mecanismos de defesa dos hospedeiros. O objetivo deste
trabalho foi avaliar atividade bioldgica de extratos de algas marinhas benténicas. Foram testados
extratos brutos e fracdes obtidas de algas: Dictyota dichotoma, Padina gymnospora, Digenia
simplex, Hypnea musciformis, Sargassum vulgare, Ulva lactuca, Gracilaria caudata, Galaxaura
rugosa e Gellidium pusillum coletadas na Praia de Riacho Doce, litoral norte do Estado de
Alagoas. Apos coleta, triagem e identificacdo, as algas secas (500g) e pulverizadas foram
submetidas & extracdo com os solventes: diclorometano, cloroférmio, metanol, etanol e agua. Os
extratos em diclorometano de H. musciformis e P. gymnospora foram selecionados para
fracionamento, por apresentaram melhores rendimentos. Foi realizada avaliacao citotoxica frente
a Células cancerigenas humanas: NCI-H292 - céncer de pulmdo humano, HEp-2-carcinoma
epidermdide de laringe humana; K562 -leucemia mielocitica crbnica; frente aos fungos
dermatofitos: Trichophyton rubrum, T. tonsurans, T. mentagrophytes, Microsporum canis,M.
gypseum, Epidermophyton flocossum- e quatro espécies de Candida(C. albicans;C. krusei;C.
guilliermondi; C. parapsilosis) bem como, avaliacdo da atividade larvicida contra larvas de Aedes
aegipty, moluscicida contra Biomphalaria glabrata e toxica contra Artemia salina. A avaliagdo da
citotoxicidade foi realizada pelo método colorimétrico do MTT-Metil Triazol Tetrazolio de
acordo com o Protocolo do National Cancer Institute (NCI). Para atividade fungicida empregou-se
a metodologia descrita no documento M27-A2 e M38A pelo Clinical and Laboratory Standard
Institute adequado para dermatéfitos e pela norma M44A para Candida. Nos bioensaios para
controle do Aedes aegipty, foram utilizadas larvas do quarto instar em duas repeticbes e 0s
extratos que tiveram um percentual de mortalidade igual ou superior a 50% seguiram para estudo.
Ensaio de toxicidade contra nauplius de Artemia salina foram realizados de acordo com a
metodologia descrita na literatura com algumas modificagOes, para obtencdo de concentragdes
letais médias (LCso). Verificamos que os extratos das espécies H.musciformis, D. simplex, P.
gymnospora, S. vulgare, D. dichotoma possuem maior acdo anticancer sobretudo nos extratos
obtidos com diclorometano, cloroférmio e fragcdo cloroférmica. Os resultados obtidos no ensaio
com A. salina indicaram uma baixa toxicidade dos extratos brutos de algas marinhas testados,
uma vez que, excetuando-se o extrato etanolico de H. musciformis, todos os extratos apresentaram
LCs> 10°. Em relagdo a B. glabrata, apenas as fracdes em cloroférmio da espécie H.
musciformis e P. gymnospora apresentaram atividade moluscicida. Em relacdo aos dermatofitos e
Candida, os extratos diclorometano e etanol foram os que melhor apresentaram atividade
antifingica.Os resultados permitiram concluir que as algas do litoral alagoano possuem um
potencial que até o presente momento ndo foi explorado sugerindo uma utilizagao futura bastante
promissora.

Palavras-chave: bioatividade, algas marinhas, extratos de algas, citotoxidade, células
cancerigenas, dermato6fitos, Candida, Artemia salina, Aedes aegipty, Biomphalaria glabrata.



VIl

ABSTRACT

BIOPROSPECTING EXTRACTS OF SEAWEEDS BENTON OF THE COAST OF
ALAGOAS

Compounds present in marine algae can play important biological functions, such as:
antimicrobial activity, antifungal, cytotoxicity, larvicidal, molluscicidal, direct “in vivo” or
indirectly, activating the defense mechanisms of the hosts. The objective of this study was to
evaluate the biological activity of marine benthic algae extracts collected from a beach located
on the north coast of Alagoas called Praia de Riacho Doce. Extracts and fractions obtained
from algae: Dictyota dichotoma, Padina gymnospora, Digenea simplex, Hypnea musciformis,
Sargassum vulgare, Ulva lactuca, Gracilaria caudata, Galaxaura rugosa and Gellidium
pusillum were all tested. After collecting, sorting and identifying the dried and powdered
seaweed (500g), they were submitted to an extraction with solvents: dichloromethane,
chloroform, methanol, ethanol and water. The dichloromethane extracts of H. musciformis
and P. gymnospora were selected for fractioning because they presented better yielding. A
cytotoxicity evaluation was done facing the human cancerous cells: NCI-H292 - human lung
cancer, HEp-2 - epidermoide carcinoma of human larynx, K562 - chronic myelocytic
leukemia; facing the dermatophytic fungi: Trichophyton rubrum, T. tonsurans, T.
mentagrophytes, Microsporum canis, M. gypseum, Epidermophyton flocossum - and four
species of Candida (C. albicans, C. krusei, C. guilliermondii, C. parapsilosis) as well as the
evaluation of larvicidal activity against Aedes aegipty, molluscicidal against Biomphalaria
glabrata and toxic against Artemia salina. The cytotoxicity activity was done by colorimetric
MTT-Methyl Tetrazolium Triazole according to the National Cancer Institute (NCI) protocol.
For the fungicidal activity, the methodology outlined in document M27-A2 and M38A was
used by the Clinical and Laboratory Standard Institute appropriate for dermatophytes and by
M44A standards for Candida. In the bioassays for the control of Aedes aegipty, larvae from
the fourth instar in two repetitions were used and extracts that had a mortality rate of less than
50% followed for the tests found. Toxicity assay against brine shrimp nauplii were performed
according to the methodology given in literature with some modifications, to obtain mean
lethal concentrations (LC50). We note that extracts with higher anticancer action are from
species H.musciformis, D. simplex, P. gymnospora, S. vulgare, D. dichotoma, particularly the
extracts dichloromethane, chloroform and chloroform fraction. The test results with A. saline
showed a low toxicity of the crude extracts of marine algae tested, since, except the ethanolic
extract of H. musciformis, all extracts showed LC50> 10°. Regarding B. glabrata, only the
chloroform fractions of the species H. musciformis and P. gymnospora showed molluscicidal
activity. Regarding dermatophytes and Candida, dichloromethane and ethanol extracts were
the best that have antifungal activity. The results showed that the algae from the coast of
Alagoas have a potential that this was not explored until allowing a very promising future use.

Keywords: bioactivity, marine algae, seaweed extracts, cytotoxicity, cancer cells,
dermatophytes, Candida, Artemia salina, Aedes aegipty Biomphalaria glabrata
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1. INTRODUCAO

Bioprospecgdo pode ser entendida como a busca e coleta de material bioldgico para
fins comerciais, como a exploracdo da biodiversidade e eventualmente a exploragdo do
conhecimento indigena ou tradicional, ou ainda como a pesquisa de recursos biolégicos e
genéticos e seus conhecimentos associados (ASSAD, 2002; AZEVEDO, 2003).

Segundo varias estatisticas e estudos amplamente publicados na imprensa em geral,
cerca de 25% dos medicamentos existentes foram elaborados com ingredientes ativos
extraidos de plantas, devendo ser registrada a relacdo de 119 substéncias quimicas usadas
regularmente na medicina em todo o mundo referida por Farnsworth (1997), o que mostra a
importancia do uso da variedade da flora. Na agricultura a biotecnologia tem se destacado
cada vez mais, conseguindo excelentes sucessos na reproducdo tanto de plantas quanto na
melhoria de producdo animal, com importantissima colaboracéo de genes de plantas e animais
etc. (TRIGUEIRO, 2009).

Dessa forma, a matéria prima, passou a ter maior valor de mercado e
consequentemente mais atencao dos paises detentores, o que aliado a crescente consciéncia da
valoracdo da biodiversidade fez com que se buscassem regras para a sua exploracdo. Assim,
surgiu em ambito planetario uma nova forma de exploracdo de produtos, a exploracdo dos
recursos naturais biologicos, ou seja, a exploracdo da biodiversidade, surgindo entdo a
bioprospec¢do (TRIGUEIRO, 2009).

As algas sdo talofitas, desprovidas de raiz, vasos e folhas e estdo incluidas no Reino
Protista | e 1l, sendo organismos fotossintetizantes, com clorofila a e estruturas reprodutivas
simples, ou seja, sem a protecdo de células estéreis. Elas estdo distribuidas em diferentes
“habitats”: oceanos, corpos de agua doce, solos, rochas, superficie de vegetais, estando
disposta em onze divisdes segundo critérios quimicos, citoldégicos e morfologicos, tipos e
combinacdes de pigmentos fotossensibilizantes, natureza quimica das substancias de reserva e
das paredes celulares, auséncia ou presenca de flagelos, padréo e curso da mitose e citocinese,
presenca ou auséncia de membrana no reticulo endoplasmatico, tipo e complexidade de ciclo
de vida (BARSANTI e GUALTIERI, 2006; RAVEN et al., 2007; LEE,2008)

As algas marinhas bentbnicas estdo divididas em trés grandes grupos: verdes,
vermelhas e pardas, pertencem respectivamente as divisdes Chlorophyta, Rhodophyta e
Phaeophyta. Algumas caracteristicas morfoldgicas, como aspecto geral, tamanho e dureza do

talo e determinadas caracteristicas bioquimicas, como a producdo de defesas quimicas estéo
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relacionadas com o sucesso das algas nas relages com os herbivoros, de comprovada
importancia evolucionéria e ecoldgica (GAINES e LUBCHENCO, 1982; PADILLA, 1985,
HAY, 1984).

As algas “in natura” apresentam cerca de 75 a 85% de agua e 15 a 25% de
componentes organicos e sais minerais. Da matéria seca, cerca de 70 a 80% correspondem a
substancias organicas e os 25 a 35% restantes, a cinzas (HALPERIN, 1971). Os elementos
minerais essenciais desses organismos sdo nitrogénio, fésforo, potassio, enxofre, magnésio,
ferro, manganés, zinco, cobre, calcio, cloro, sédio e boro; (HAY e FENICAL, 1996). Entre 0s
microelementos, o nitrogénio e o fésforo sdo os mais estudados e em geral sdo considerados
essenciais para o seu crescimento e desenvolvimento (RYTHER e DUSTAN, 1971). As algas
sdo ricas em iodo tanto na forma mineral como na forma orgénica e seu conteddo varia de
0,03 a 1,5% na matéria seca (RUPEREZ, 2002).

Algumas especies de algas pardas e vermelhas participam de maneira bastante
abrangente na vida cotidiana do homem, através dos coloides extraidos dos seus talos.
Existem alguns produtos de importancia econdémica, como o0s acidos alginicos (alginatos), as
agaranas e as carragenanas, 0s quais sao usados como matéria prima em varios segmentos da
industria alimenticia, farmacéutica, cosmético, téxtil, bebidas, etc., como também na
biotecnologia (VIDOTTI e ROLLEMBERG, 2004).

Desde 1.500 a.C. as macroalgas marinhas ja eram utilizadas como fonte de farmacos
para o tratamento de gota, fistulas e de algumas formas de cancer. Entretanto, somente a partir
de 1970 é que varios grupos de pesquisadores iniciaram a triagem sistematica de extratos de
algas com intuito de encontrar produtos com atividade biolégica. Como resultado, foram
encontradas substancias com atividade antiviral, antifingica, antibacteriana e anticancer,
mostrando que as algas sdo uma fonte muito rica de produtos potencialmente utilizaveis como
farmacos (BONGIORNI e PIETRA, 1996).

Embora alguns trabalhos cientificos relatem diversos compostos bioativos em
extratos de algas, entre os quais, aqueles capazes de inibir o crescimento de bactérias e
fungos, estimularem o crescimento e/ou fortalecer as suas defesas contra o ataque de
patdgenos, somente na ultima década produtos a base desses organismos despertaram um
maior interesse da comunidade cientifica e da iniciativa privada (KELECOM, 1997).

No Brasil, estudos com algas marinhas estdo gerando conhecimento cientifico util
em diversas areas, tais como na farmacologia, identificando compostos com atividade
antiviral e anticancer (VIDOTTI e ROLEMBERG, 2004; FRUGULHETTI et al., 2005;



12

ROMANOS, 2006) na &rea ambiental, como formadoras de fluxo biolégico através de
corredores ecologicos marinhos (ALVES, 2005), para o monitoramento e previsdo de
impactos ambientais (PUPO, 2005) na area sdcio-econbmica, implementando a producdo de
algas para gerar renda adicional em atividades maricultoras (REIS, 2006), na agricultura,
utilizando extratos de macroalgas para protecdo de plantas contra patégenos (STADNIK et
al., 2005), entre outras linhas de pesquisa relevantes.

Apesar da comprovada eficiéncia terapéutica de muitos vegetais, 0s provaveis efeitos
toxicos que as mesmas podem apresentar quando usados inadequadamente ainda sdo
desconhecidos ou muitas vezes, ignorados. De acordo com a utilizagdo, modo de preparo e
tempo de tratamento, um determinado vegetal pode apresentar, segundo Gomes et al. (2001),
tanto uma acdo terapéutica, quanto toxica, sendo de suma importancia o controle dos
possiveis efeitos adversos que 0 uso agudo pode acarretar no organismo. Para tanto, os testes
de toxicidade aguda sdo elaborados com o objetivo de prever os efeitos toxicos ou de
averiguar a toxicidade relativa das substancias (FORBES e FORBES, 1994).

O presente estudo foi realizado com objetivo de avaliar a atividade biologica de
extratos brutos e fracdes obtidas de espécies de algas marinhas do litoral alagoano, frente a
fungos dermatofitos, Candida, células cancerigenas humanas, como bioinseticida natural no
combate a larvas de Aedes aegypti Linnaeus 1762 no controle da esquistossomose frente ao
molusco Biomphalaria glabrata Say1818 e em testes de toxicidade com larvas de Artemia
salina Leach, uma vez que, o0 uso desses extratos mostra-se uma alternativa de maior eficécia,

com baixo custo.
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2. REVISAO DE LITERATURA

O termo “alga” foi proposto oficialmente como uma categoria taxondomica em 1753
por Lineu, no classico Species Plantarum, cujo plural Algae nomeia uma das quatro ordens de
criptdgamos e inclueml14 géneros e 214 espécies dos quais, apenas cinco géneros e 48
espécies constituem o que hoje entendemos por algas. Os demais sdo representantes de
liquens e algumas hepaticas (BICUDO e MENEZES, 2006).

Sdo classificadas como talofitas por apresentarem uma estrutura simples néo
vascularizada com auséncia de raiz, caule e folhas, ndo apresentam protecdo das células
reprodutivas (criptogamicas), sdo produtoras de esporos e desprovidas de sementes e flores.
Podem ser procariéticas ou eucarioticas, pluricelulares ou unicelulares, apresentando
similaridade em muitos aspectos comuns com as plantas superiores como, por exemplo, a
composicdo de seus carboidratos de reserva, proteinas e pigmentos fotossintetizantes.
Possuem a clorofila “a” como seu pigmento fotossintetizante primario sendo responsavel pela
alta taxa de fotossintese do bioma marinho. Outros tipos de clorofila, como os carotenoides,
fundamentais na captagéo de fotons e estabilizagdo de membrana, (B-caroteno e fucoxantina),
a ficocianina e a ficoeritrina apresentam uma distribuicdo mais limitada nas algas,
funcionando como pigmentos acessorios (RAVEN et al, 2007; LEE, 2008).

As algas sintetizam vitaminas, antioxidantes, varios acidos graxos saturados e poli
insaturados (importantes para a maturacdo de diversas larvas de peixes), aminoacidos, bases
nitrogenadas, além de grande diversidade de polissacarideos, tais como a carragenana,
proteoglicanos e dgar (CARDOZO et al., 2006).

Segundo Cardozo et al. (2006), elas ainda sdo os biossintetizadores de moléculas
sofisticadas capazes de absorver altas intensidades de radiacéo ultravioleta, permitindo assim
a sobrevivéncia de outros organismos simbiontes em regides tropicais. Estas moléculas séo
chamadas, genericamente, de mycosporine-like amino acids (MAAS).

Apresentam uma ampla distribuicdo geografica, podendo ser encontradas em
praticamente todas as condi¢cdes ambientais da Terra, desde solos férteis a desertos quentes e
frios. Entretanto, € nos ambientes aquaticos, tanto marinhos quanto em &guas continentais,
que é encontrado maior prevaléncia das microalgas (LEE,2008). Nos ambientes aquaticos as
algas desempenham um papel central na base da cadeia alimentar na alimentacdo de moluscos
em todos os estagios de crescimento, para zooplancton e para diferentes estagios de alguns
crustaceos e espécies de peixes, na qual funcionam como produtores primarios, produzindo

matéria organica e diéxido de carbono, além de servirem como fonte de oxigénio, necessarios
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para o metabolismo dos consumidores (LEE, 2008). A presenca das algas induz também a um
aumento na biodiversidade marinha, pois além da fonte de alimentos e transferéncia
nutricional de micronutrientes, elas servem de abrigo e esconderijo para diversos organismos
pequenos (FALCAO, 2006).

O valor nutricional de uma espécie de alga depende de diferentes caracteristicas, tais
como, tamanho, digestibilidade e toxidade, mas o que parece ser determinante para
estabelecer a qualidade de alimento transferido para outro nivel trofico da cadeia é a sua
composi¢do quimica e bioquimica (niveis de acidos graxos, esterdides, carotendides,
aminoécidos, agucares, minerais e vitaminas). A importancia das algas marinhas vai além do
seu valor nutricional, pois também sdo responsaveis pela producdo de aproximadamente 50%
do O, e a maior parte de dimetil sulfeto liberado para a atmosfera é aquela que induz a
formacéo de nuvens (RUPEREZ, 2002).

As macroalgas pertencem aos reinos Protista | e 11, onde se encontram 0s organismos
pluricelulares, eucariontes e autotrofos e de acordo com suas caracteristicas, estas Sao
agrupadas em trés filos Chlorophyta, Rhodophyta e Pheophyta. Chlorophyta é composto pelas
algas verdes, extremamente abundantes nos ambientes aquaticos, sdo capazes de acumular
amido no interior de suas células, e contém os pigmentos clorofilas “a” e “b”, carotenos e
xantofilas, sendo estas duas caracteristicas as principais para sustentar a idéia de que as algas
verdes tenham sido as ancestrais das plantas superiores, por possuirem tais pigmentos.
Rhodophyta, composta pelas algas vermelhas, quase que exclusivamente pluricelulares e
marinhas, comuns em aguas tropicais, geralmente vivem fixadas as rochas ou outras algas,
mas existem algumas flutuantes. A principal caracteristica € a presenca do pigmento
ficoeritrina em suas células, responsavel pela coloracdo avermelhada destes organismos.
Phaeophyta € composta pelas algas marrons com organismos pluricelulares
predominantemente marinhos. As algas pardas sdo as maiores existentes, podendo atingir
mais de 40 metros de comprimento. Nesses organismos sao encontrados oS pigmentos
fucoxantina e como substdncia de reserva, Oleos e polissacarideos do tipo laminarina
(BARSANTI e GUALTIERI, 2006; RAVEN et al, 2007; LEE, 2008).

Cerca de 4 milhdes de toneladas de macroalgas sdo colhidas anualmente em todo o
mundo, sendo os principais produtores a China e o Japdo, seguidos pelos Estados Unidos e
Noruega. A partir das algas sdo obtidos produtos imprescindiveis para a vida do homem
moderno, com valores que ultrapassam alguns bilhdes de dolares anuais (VIDOTTI e
ROLLEMBERG, 2004). Mais de 250 espécies de algas sdo exploradas comercialmente, onde

145 espécies sdo utilizadas na alimentacdo e 101 espécies para producdo de ficocoldides
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(ZEMKE-WHITE e OHNO, 1999). Os géneros de macroalgas mais cultivados para
exploragdo comercial incluem: Porphyra, Laminaria, Monostroma, Enteromorpha e
Gracilaria (MOLL e DEIKMAN, 1995).

Diversas rodoficeas sdo utilizadas comercialmente na extracdo de ficocoldides, como
0 agar, utilizados na fabricacdo de gomas, laxantes ou como meio de cultura para uso em
laboratorios de microbiologia. Outro aspecto importante € a extracdo e utilizacdo da
carragenana, um hidrocoléide utilizado na fabricacdo de alimentos, como iogurtes, flans,
sorvetes, achocolatados, embutidos, gelatinas e geléias. Esta também é utilizada como
emulsificantes e estabilizantes, sendo substitutas do amido e da gordura na preparacdo de
certos produtos alimenticios, com a vantagem de ndo ser energética, ndo tem cheiro, cor nem
sabor. Também sdo encontradas diversas aplicagdes em inddstrias ndo alimenticias (tintas,
téxteis e cosmeticas) e farmacéuticas (RUDOLPH, 2000, SMIT, 2004; BLUNT et al., 2006)

As algas marrons e verdes sdo bastante utilizadas na alimentagdo humana e de animais
e ainda sdo utilizadas como fertilizantes na agricultura (CRITCHLEY e OHNO, 1998;
SANTELICES, 1999; FLEURENCE, 1999).

Algumas caracteristicas morfoldgicas, como a forma geral, o tamanho e a dureza do
talo, e determinadas caracteristicas bioquimicas, como a producéo de defesas quimicas estdo
relacionadas com o sucesso das algas nas relacbes com os herbivoros, de comprovada
importancia evolucionéria e ecologica (BOUARAB et al., 2001).

As paredes celulares das algas marinhas, assim como de plantas superiores, podem ser
entendidas como um sistema de duas fases: a fase cristalina (0 esqueleto) que se encontra
embebida em uma fase amorfa (a matriz). Elas diferem das plantas terrestres por
apresentarem maior abundancia de componentes da matriz quando comparados com 0s
componentes do esqueleto e pela prevaléncia de polissacarideos polianiénicos sobre o0s
neutros. Além disso, paredes celulares de algas e plantas marinhas contém polissacarideos
sulfatados, ndo observados em plantas terrestres e algas de agua doce. Isto sugere que 0s
polissacarideos sulfatados da matriz extracelular tém funcdes especificas em relagdo ao
ambiente marinho, sendo postulado que os mesmos estdo relacionados com a regulacédo
mecanica, osmotica ou ibnica (KLOAREG e QUATRANO, 1988).

Como defesas quimicas, as macroalgas marinhas produzem terpenos, acetogeninas,
derivados de aminoéacidos, fendis simples e polifendis, que diferem dos produtos de plantas
faner6gamas por serem, halogenados. Os alcaldides, importantes defesas nas plantas
superiores, parecem ser raros ou inexistentes nas macroalgas marinhas, a julgar pela auséncia
de citacGes na literatura (HAY e FENICAL, 1996).
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2.1. Atividades bioldgicas de algas marinhas

2.1.1. Citotoxica

O céncer é uma das maiores causas de morte em muitos paises. De acordo com
Instituto Nacional do cancer (INCA-2009), no Brasil, as estimativas para o ano de 2010,
validas também para o ano de 2011, apontam para a ocorréncia de 489.270 casos novos de
cancer. Os tipos mais incidentes, a exce¢do do cancer de pele do tipo ndo melanoma, sdo 0s
canceres de prostata e de pulmao no sexo masculino e os canceres de mama e do colo do Utero
no sexo feminino, acompanhando o mesmo perfil da magnitude observada para a América
Latina.

A incidéncia desta enfermidade vem aumentando e se constituindo um desafio
enorme para as instituicbes de salde que necessitam de uma maior atencdo medica e
consequentemente aumenta consideravelmente os gastos para o tratamento. A quimioterapia
do cancer tem sido enfraquecida porque os farmacos usados atualmente ndo sé causam danos
ao DNA das células tumorais como tambem afetam as células normais ou a certo ponto séo
ineficazes pelo aumento da resisténcia (WANG et al., 2008; MOO-PUC et al., 2009). Os
mecanismos moleculares da resisténcia a drogas podem implicar em uma variedade de fatores
tais como mutacao dos genes alvos e a diminuicdo da concentracdo dos farmacos nas células
devido a toxidade renal (GOTTESMAN; PASTAN 1993; SMITH et al., 1998; ISNARD-
BAGNIS et al., 2005).

Em virtude da necessidade de se ter um tratamento mais eficaz, existe uma prioridade
em descobrir novos compostos terapéuticos para o tratamento do cancer. Os recursos naturais
tém sido considerados uma das fontes mais promissoras para obtencdo desses farmacos tais
como o taxol, a camptotecina, a vincristina e a vinblastina (CRAGG e NEWMAN, 1999),
principalmente a partir de plantas superiores devido a sua acessibilidade. Entretanto,
atualmente alguns farmacos obtidos de organismos marinhos tém mostrado resultados
promissores em diversas fases da doenca (MOO-PUC et al., 2009).

As capacidades metabodlicas e fisioldgicas que os organismos marinhos possuem para
sobreviverem em um habitat complexo promovem um enorme potencial para a producédo de
metabolitos exclusivos que ndo é observado no ambiente terrestre. Assim 0S organismos
marinhos e particularmente os invertebrados sesseis tem sido reconhecido como uma fonte
atrativa de potenciais compostos farmacéuticos (FAULKNER, 2002). Entre estes organismos,
as algas também tém sido reconhecidas como uma das fontes mais ricas em novos compostos

bioativos que estdo publicados em revisdes sobre atividade biol6gica de compostos derivados
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(BLUNT et al., 2006). Estudos mostram que as algas produzem uma ampla variedade de
metabdlitos quimicos secundarios em seu ambiente como um auxilio para protecdo contra
outros organismos.

Estes metabolitos ativos também conhecidos como compostos halogenados, alcodis,
aldeidos, terpendides e polissacarideos sulfatados sdo produzidos por diversas espécies de
macro e microalgas que possuem diversas propriedades entre elas a anticarcinogénica
(BHADURY e WRIGHT, 2004; SMIT, 2004). Ainda a consumacao de algas na alimentacéo é
um tratamento quimico preventivo contra agentes cancerigenos segundo TASKIN et al.
(2010).

Estudos demonstram que as algas podem apresentar polissacarideos caracteristicos
com atividade citotoxica tais como galactanas sulfatadas em algas vermelhas e as ramananas
sulfatadas em Chlorophyta (PAINTER, 1983). Entre os principais polissacarideos produzidos
pelas algas pardas estdo os acidos alginicos, as laminaranas e as fucanas sulfatadas
(ZVYAGINTSEVA et al., 2000). Os polissacarideos manitol, fucose, laminarina e acido
alginico foram isolados das macroalgas pardas Padina pavonica e Hydroclathrus clathratus
que apresentaram atividade citotoxica as ceélulas da linhagem HepG2 “in vitro”. As fra¢des
testadas exibiram alta atividade citotoxica quando comparadas com a substancia referéncia
doxorubicina (AWAD et al., 2009). Em contrapartida, Queiroz et al. (2006), isolaram trés
diferentes classes de polissacarideos algais contra células HL60, os galactofucanos, fucoidano
e glucano sendo este Ultimo um composto neutro que ndo apresentou citotoxidade as células
testadas.

Wang et al. (2008) relataram que o extrato aquoso de Hydroclathrus clathratus e
Padina arborescens apresentaram um alto efeito inibitério em outros cancer testados, HL-60 e
MCF-7 ‘in vitro’. Nesse estudo ainda, os autores obtiveram resultados promissores com
algumas fracdes isoladas de H. clathratus em teste antitumoral ‘in vivo’.

Outro aspecto que deve ser considerado em um agente citotoxico é a seletividade que
ele deve possuir em sO causar danos as células cancerigenas, ndo apresentando nenhum efeito
danoso as células sadias. Segundo Harada e Kamei (1997), o extrato da particdo metandlica
da alga vermelha Amphiroa zonata apresentou atividade citotdxica seletiva proeminente. Este
extrato algal apresentou forte citotoxidade a todas as linhagens celulares leucémicas incluindo
células leucémicas murinas L1210 a 20pg.mL™, enquanto ndo foi observado nenhuma
atividade citotoxica em células murinas normais (NIH-3T3).

Segundo Wang et al. (2008), testes de citotoxidade e antiproliferativo com extratos

algais, mostraram que estes apresentam baixo efeito tdxico sobre as células normais,
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mostrando ainda que as diferentes células cancerigenas testadas tiveram efeitos distintos. Uma
possivel razdo desta seletividade é que provavelmente as substancias ativas presentes nos
extratos testados interagem com moléculas especiais presentes apenas nas células doentes e
que desencadeia um mecanismo especifico que causa a morte das células ou até mesmo pela

capacidade relacionada com o rompimento da membrana celular.

2.1.2. Testes com Artemia salina

Teste de letalidade para larvas de A. salina tem sido introduzido na rotina de muitos
grupos de pesquisas envolvidos com isolamento, purificacdo e elucidagdo estrutural, ja que
muitos laboratérios de fitoquimica ndo estdo preparados para a realizacdo de ensaios
bioldgicos. Sdo caracterizados pela curta duracdo da exposicdo (usualmente 2 a 4 dias) e por
terem delineamentos experimentais menos elaborados, nos quais a letalidade e a imobilizacao
de organismos jovens sdo o0s indicadores de efeito mais comumente avaliados
(MCLAUGHLIN, 1991; FALKENBERG et al., 1999; MACIEL et al., 2002; RUIZ et al.,
2005). Os cistos de A. salina séo de baixo custo e facilmente encontrados no comercio, além
de permanecerem viaveis por anos nos estado seco. Essas vantagens contribuiram para a
popularizacdo do bioensaio, sobretudo a partir da década de 90 (MEYER et al., 1982).

O ensaio foi proposto inicialmente por Michael et al. (1956) e posteriormente
desenvolvido por Vanhaecke et al. (1981), bem como por Sleet e Brendel (1983), baseando-se
na possibilidade de imobilizar nadplios de A. salina em culturas laboratoriais. Essa
metodologia admite variagcdes, como propostas por Solis et al. (1993) com a realizacdo deste
ensaio em microplacas ao invés de tubos bem como sua utilizacdo na triagem de novos
farmacos antiespasmaodicos e antimalaricos.

Esta metodologia tem sido empregada ainda para detectar toxicidade preliminar de
algas marinhas (ARA et al., 1999), realizar triagem de toxinas fangicas (HARWIG; SCOTT,
1971), avaliar efeitos de exposicdo a metais pesados (MARTINEZ et al., 1999) e pesticidas
(BARAHOMA; SANCHEZ-FORTUN, 1999) e para testes de toxicidade em materiais
dentarios (PELKA et al., 2000).

Segundo Lhullier et al. (2006), que realizaram trabalho com 19 espécies de algas
coletadas no litoral catarinense, os resultados mostraram que dos 26 extratos testados, 25
apresentaram toxicidade significativa no teste com Artemia salina em pelo menos uma das
trés concentragOes testadas. O grupo de algas vermelhas foi 0 que obteve maior porcentagem

de extratos com resultados estatisticamente significativos pelo método qui-quadrado e
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também menores valores de LCsp, com destaque para Acanthophora spicifera, Hypnea
musciformis e Pterocladiella capillacea.

Carballo et al. (2002) compararam extratos de produtos marinhos com o ensaio de
letalidade em 2 linhagens de células humanas. Segundo os autores, 0s resultados apresentam
uma boa correlacdo, tal como ja estabelecido para extratos de plantas (MCLAUGHLIN,
1991), sugerindo a utilizacdo deste bioensaio para testar produtos naturais marinhos com
potencial atividade farmacoldgica. Ainda segundo este mesmo autor, a utilizacdo de A. salina
para realizar um pré-screening de compostos bioativos com a¢do tumoral, € uma forma eficaz
para escolher os extratos mais promissores.

Neste trabalho foi proposta a realizagdo de um screening inicial com macroalgas
bent6nicas do estado de Alagoas, biomonitorado por ensaio de letalidade utilizando larvas de

Artemia salina.

2.1.3. Microbiologica

Um agente microbiano é qualquer substancia produzida, sintética ou naturalmente,
utilizada para matar ou inibir o crescimento de microrganismos e protozoarios
(HEMINGWAY e RANSON, 2000; COELHO et al., 2004). A utilizacdo de agentes
antimicrobianos contribuiu grandemente para melhoramento na sadde, agricultura, inddstria,
mas sua utilizacdo € acompanhada de uma crescente resisténcia a microrganismos e a um ou
mais desses agentes. Esta resisténcia constitui uma ameaca para a saude publica, pode
prolongar o sofrimento dos doentes, aumenta 0s custos dos cuidados de salde e tem
repercussdes econdmicas para a sociedade (SANTOS JR. et al., 2005; STAMMLER et al.,
2006; PARREIRA et al., 2009).

As algas marinhas tém demonstrado ser uma fonte rica em substancias com ampla
atividade contra fungos, bactérias e virus (KHALIQ-UZ-AMAN et al., 2001; GONZALES
DEL VAL et al., 2001; SELVIN e LIPTON, 2004). Estas atividades podem estar ligadas ao
diversos metabolitos primarios e secundarios produzidos pelas algas. Segundo alguns autores,
0 potencial antimicrobiano destes organismos se deve a capacidade de sintetizar, entre outros
compostos, 0s terpendides, muito desses halogenados (MAGALLANES et al., 2003; SMIT,
2004). Aléem destes, os esterdis, compostos fenolicos e heterociclicos sdo também encontrados
nas algas e podem apresentar alguma atividade microbiologica (SMIT, 2004).

Segundo Tuney et al. (2006), a atividade antibacteriana depende de dois fatores: a

espécie algal e a eficiéncia do método de extracdo dos compostos. Entretanto, estudos tém
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demonstrado que a variagdo dos metabdlitos secundarios é controlada genética e
ambientalmente. Isto sugere que as condi¢cGes ambientais, como sazonalidade e localizagdo
geografica, sdo habeis para alterar a concentracdo dos metabdlitos secundarios, embora 0s
tipos de compostos sejam geneticamente fixos (FREILE-PELEGRIN e MORALES, 2004).
Fatores bidticos como estagio reprodutivo e diferentes regides do talo também podem
influenciar a bioatividade do extrato algal (ROBLES-CENTENO et al., 1996; VLACHOS et
al., 1999).

Diversos compostos antimicrobianos estdo presentes em diferentes algas marinhas.
Vlachos et al. (1997) realizaram uma bioprospeccdo antibidtica em 56 espécies de algas
coletadas nas costas leste e oeste da Africa do Sul, verificando que, entre os extratos
etandlicos testados, os da alga parda Zonaria ubarticulata mostraram mais amplo e intenso
espectro de atividade antimicrobiana.

Em um estudo com diferentes algas provenientes da costa de Yucatan, no Mexico,
Freile-Pelegrin e Morales (2004), observaram que diferentes porcoes do talo de espécies da
cloroficea Caulerpa demonstraram diferentes atividades contra Bacillus subtilis. Nesse
trabalho, o extrato etandlico do estoldo de C. paspaloides apresentou 18% mais atividade que
0s extratos da regido basal e apical.

Os metabolitos secundarios com propriedades antimicrobianas em algas podem
funcionar como mecanismo de defesa contra epifitos no ambiente marinho bem como manter
a capacidade de uma rapida recuperacao e regeneracdo apds uma predacdo ou danos abrasivos
(PESANDO, 1990; ABARZUA e JACUBOWSKI, 1995; VLACHOS et al., 1997).

Magallanes et al. (2003) demonstraram que de 12 diferentes extratos de algas, apenas
os das espécies Grateloupia doryphora, Prionitis decipiens, Ahnfeltiopsis durvillaei,
Petalonia fascia e Bryopsisplumosa foram efetivas contra bactérias gram-positivas.

Essa diferenca na efetividade entre bactérias Gram positivas e Gram negativas tém
sido observada em diversos trabalhos utilizando algas marinhas. A atividade antimicrobiana
dos extratos etanolicos e lipossoluveis de 21 espécies algais foram testadas em nove espécies
bacterianas e uma fdngica, e apenas trés bactérias gram-positivas foram suscetiveis aos
extratos testados (FREILE-PELEGRIN e MORALES, 2004).

Da alga vermelha Delisea pulchra foi obtida uma lactona furanona halogenada
conhecida como fimbrolideos, um agente antimicrobiano promissor. E uma substancia com
perspectivas de uso para tratamento de infeccBes cronicas por Pseudomonas aeruginosa,
bactéria caracterizada pela producédo de alginatos e pela formacéo de biofilmes em pulmao de

pacientes portadores de fibrose cistica (HOIBY, 2002), semelhantemente inibindo também a
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sinalizacdo célula-a-célula das espécies Pseudomonas aeruginosa, Escherichia coli, Bacillus
subtilis, Staphylococcus epideridise Streptococcus ssp. (RICE et al., 2005; JANSSENS et al.,
2008). Ensaios realizados com compostos andlogos aos fimbrolideos mostraram sua
capacidade de inibigdo ao crescimento de diversas bactérias Gram negativas e Gram positivas
(JANSSENS et al., 2008; ZHANG et al, 2009).

Em relacdo a atividade antifingica, os extratos de algas tém demonstrado ser
promissores para algumas espécies de fungos fitopatogénicos. ZHENG et al. (2001),
mostraram que extratos de 23 espécies de macroalgas apresentaram atividade biolégica, dos
quais 17 foram eficientes contra o Penicillium citrinum, 13 contra Fusarium oxysporum, nove
contra Alternaria dianthi e dois contra Aspergillus niger. Segundo os autores a atividade
antifangica foi maior no extrato etandlico de Gelidium amansii que inibiu fortemente o
crescimento de F. oxysporum.

Gonzales Del Val et al. (2001) também observaram que os extratos das algas Caulerpa
prolifera, Cymopolia barbata, Enteromorpha muscoides, Dictyota sp., e Asparagopsis
taxiformis apresentaram atividades contra Candida albicans, Saccharomyces cerevisiae e
Aspergillus fumigatus, sendo os extratos de A. taxiformis e C. barbata as que apresentaram
maior atividade antifingica. Moléculas do tipo triterpeno sulfatado, denominada Capisterona,
isoladas de uma alga verde Penicillus capitatus mostrou-se efetiva contra um fungo marinho
patogénico, Lindra thallasiae “in vitro” (PUGLISI et al., 2004).

O mecanismo de agdo antimicrobiana dos terpenos ndo foi ainda completamente
elucidado, porém supBe-se que envolve uma disrupcao da membrana por meio dos compostos
lipofilicos. De acordo com Mendoza et al. (1997), aumentando a hidrofilicidade de
diterepenodo grupo caurenico, diminui drasticamente a atividade antimicrobiana. Terpenos
lipofilicos sdo sollveis em biomembranas. Em altas concentracdes, eles podem interagir com
canais ionicos, transportadores e receptores presentes nas membranas e assim mudar a
conformacéo e bioatividade.

Como antiviral os extratos de Meristiella gelidium apresentou atividade bioldgica
contra herpesvirus e virus da dengue (FARIA-TISCHER et al. 2006). Ainda com acdo
antiviral, o composto isolado a alga Halimeda tuna, halitunal, apresentou atividade antiviral
contra coronavirus (KOEHN et al., 1991).

Polissacarideos isolado de Ulva lactuca contendo arabinose, xilose, ramnose,
galactose, manose e glicose, além de outro acucar ndo identificado, mostrou atividade
antiviral contra o virus da influenza humana e de aves. Esta propriedade mostrou-se dose-

dependente, espécie-especifica e seletiva (IVANOVA et al., 1994). Outro polissacarideo
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sulfatado e uma fucana sulfatada, ambos extraidos das algas Monostroma latissimum e
Sargassum horneri, respectivamente, inibiram a replicagdo do virus HSV-1 (LEE et al., 1998;
HOSHINO et al., 1999).

2.1.4.Larvicida e Moluscicida

Mosquitos sdo 0s mais importantes artrépodes sugadores de sangue, capazes de
transmitir doengas como maléria, dengue, febre amarela, encefalitis, filarioses entre outros.
MilhGes de pessoas em todo o mundo, particularmente no sul e sudeste Asiatico sofrem de
doencas transmitidas por mosquitos do género Anopheles, Aedes e Culex. Devido a isso, 0
controle do mosquito é um passo importante para a prevencdo de infecgdes que prejudicam a
populacdo. A pressdo de selecdo dos inseticidas convencionais tem levado ao aumento da
resisténcia da populacdo de mosquitos em um ritmo alarmante (BROWN, 1986).

Existem limitacdes para programa de controle do mosquito, devido ao aumento do
custo de inseticidas sintéticos e também o problema dos riscos ambientais. Neste contexto, o
uso de produtos naturais para o controle populacional do mosquito € uma grande promessa, e
inseticidas de origem vegetal tém recebido uma atencdo especial nas Ultimas décadas
(MUTHUKRISHNAN et al., 1997; PUSHPALATHA; MUTHUKRISHNAN, 1999).

Vérias moléculas biologicamente ativas tém sido isoladas da fauna e flora marinha,
que estdo sendo aplicadas nas industrias farmacéuticas, alimenticias, cosmeéticas,
agroquimicas, quimicas entre outros (FAULKNER, 2002).

Algumas fontes marinhas relatadas com atividade inseticida sdo plantas de mangues,
algas marinhas e tunicados (KABARU; GICHIA, 2001; ZETI et al., 2001). Estudos
mostraram que extratos obtidos de organismos marinhos apresentaram-se letais as larvas de
organismos incrustantes, incluindo cracas (artropode) (THAKUR et al, 2004).

Segundo Ahmad et al. (2004), houve mortalidade de larvas de Aedes aegypti quando
estas foram submetidas a tratamento com 10 diferentes tipos de algas verdes. Ainda segundo
este mesmo autor, a porcentagem de mortalidade de larvas do mosquito foi de 100% quando
estes se alimentaram com microalgas das espécies Chlorella vulgaris e Scenedesmus
quadricauda.

A esquistosomose é uma das maiores fontes de mortalidade e mobilidade na Africa,
Asia, América do Sul e Caribe. O nimero de espécies de Schistosoma pode causar doencas
sistémicas nos seres humanos, mas o principal agente da esquistosomose humana € causada

pela espécie S. mansoni. O desenvolvimento das larvas desta espécie ocorre em diversas
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espécies de caramujos do género Biomphalaria. Assim, o tratamento com moluscicidas nas
massas de agua, que é o sitio de transmissdo, é um importante procedimento para o controle
da doenca (KATZ e PEIXOTO, 2000).

A demanda por moluscicidas baratos tém levado a estudos massivos utilizando fontes
naturais para isolar compostos bioativos (LARDANS e DISSOUS,1998; LAHLOU, 2004).

Estudos utilizando 60 tipos de algas marinhas foram testados como agente moluscicida
contra B. glabrata. A maioria dos extratos testados foram inativos nas concentragdes
utilizadas, mas as algas das espécies Fucus serratus, F. vesiculosus, Pelvetia canaliculata,
Ascophyllum nodosum, Halidrys siliquosa, Bifurcaria bifurcata, Dictyota dichotoma e
Halopithys incurva apresentaram siginificativa atividade moluscicida (PATEL et al. (2006).

O extrato metandlico A. nodosum obteve 45% de morte desses organismos na
concentracdo de 100ppm (PATEL et al., 2006). Segundo estes mesmos autores 0s extratos de
todas as espécies que mostraram atividade moluscicida foram dialisada com agua destilada
para separa-lo em alto e baixo peso molecular e a atividade moluscicida foi encontrada na
fracdo de alto peso molecular em todas as espécies de Fucaceae testadas, mas a fracdo de
baixo peso molecular de todas as espécies testadas, com excecdo da espécie H. incurva, foi
inativa. Uma das possiveis acbes moluscicida destes extratos sdo os polifendis presentes nas
espécies de Fucaceae. Estes compostos ja foram descritos previamente nas espécies de F.
vesiculosis e A. nodosum contra Littorina littorea, um caramujo herbivoro marinho
(GEISELMAN; McCONNELL, 1981).

Polifendis de alto peso molecular apresentam também atividades de hemaglutinacao
(BLUNDEN et al., 1986) e de inibidor enzimatico (BARWEL et al., 1989). As feoficeas, em
particular as Fucales, demonstraram conter grande quantidade de polifendis, que sao
constituidos essencialmente de unidades de floroglucinol, e que pode ocorrer como estrutura
ramificada. A atividade moluscicida dos polifendis (taninos) em plantas superiores tem sido
relatada (SCHAUFELBERGER; HOSTERTTMAN, 1991).
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3. MATERIAL E METODO GERAL
3.1. Local de Estudo

A praia escolhida para coleta de macroalgas foi Riacho Doce, com as seguintes
coordenadas geograficas: 9°34'0" S e 35°39'0" W (Fig. 1). Localiza-se em plena zona tropical
banhada pelo Oceano Atlantico, apresenta clima quente e umido, que segundo a classificacéo
climatica de Koppen corresponde ao tipo As',caracterizado por apresentar-se sem grandes
diferenciacdes térmicas e precipitacdo concentrada no outono e inverno. As temperaturas
medias mensais oscilam em torno de 25,1°C. A maxima mensal atinge 29,9°C e a minima
20,8°C, apresentando uma amplitude térmica anual de 9°C. A umidade relativa do ar é em
média de 79,2%, sendo julho 0 més mais Umido e novembro o mais seco. O indice

pluviométrico é sempre superior a 1.410mm/ano (http://www.semarh.al.gov.br/temp/clima).

‘.-I 35°47'00"" 35°36'30"

Riacho Doce

5 35°36'30"
-

Figura 1. Localizacdo do Estado de Alagoas com destaque para praia de Riacho Doce onde foram
realizadas as coletas (ponto vermelho).



25

3.2. Material biologico para obtengéo de extratos

As algas marinhas utilizadas para o presente estudo foram coletadas na baixa-mar
durante o periodo de julho de 2008 a outubro de 2010 e estdo listadas na tabela 1. Alguns
exemplares foram separados para servir de testemunha e as exsicatas estdo depositadas no
Herbario MAC do Instituto do Meio Ambiente da cidade de Macei0, AL.

Tabela 1. Relagdo do material coletado para preparagdo dos extratos com respectivos numero
de acesso das exsicatas depositadas no Herbario MAC do IMA, Macei6 -AL.

Espécies de algas Numero de acesso
Ulva lactuca Linnaeus MAC51238
Dictyota dichotoma (Hudson) Lamouroux MAC51230
Padina gymnospora (Kutzing) Sonder MAC51235
Sargassum vulgare C. Agardh MAC51236
Digena simplex (Wulfen) C. Agardh MAC51231
Hypnea musciformis (Wulfen) Lamouroux MAC51234
Galaxaura rugosa(J.Ellis & Solander) J.V.Lamouroux MAC51239
Gellidium pusilum (Stackhouse) Le Jolis MAC51233
Gracilaria caudata J. Agardh MAC51232

As algas foram lavadas com agua destilada, secas em estufas de ar circulante (BLUE
MOD1401440SC,USA) a temperatura de 45°Cpor cinco horas e trituradas em liquidificador
industrial (modelo METVISA tipo TA-2,Brasil). Para obtencdo dos extratos brutos, amostras
de 5009 de alga seca foram suspensas em 1000 mL de diclorometano, cloroférmio, metanol,
etanol e 4gua e maceradas por 72 horas, sendo esse processo repetido trés vezes. Os extratos
organicos foram filtrados e rotoevaporados (Rotevaporador Buchii Heating Bath-
B490,Switzerland) a 25°C a 40°C, exceto o extrato aquoso que foi liofilizado (Liofilizaodor
Edwards Alto vacuo, ModE2MB,Brasil). Os extratos em diclorometano de H. musciformis e
P. gymnospora foram selecionados para fracionamento, pois apresentaram melhores
rendimentos: 11,869 (2.588%) e 13,969 (3,04%), respectivamente. Para o fracionamento por
particdo liquido-liquido, os extratos brutos de H. musciformis (2,73g) e P. gymnospora
(1,90g) foram suspensos em metanol: agua (3:1) e extraidos respectivamente com hexano e

cloroférmio, obtendo-se as fracBes hexanicas e cloroformica para realizacdo dos testes.
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Todosos solventes utilizados foram da VETEC-Quimica Fina (RJ-Brasil). O esquema

representativo esta ilustrado na figura 2.

Alga seca tritutada - 500 g

Maceracio

Extratos Brutos

I Diclorometanol I Cloroférmio I IMetanolI I Etanol I Agua

I metanol:agua-3:1

Fraciao Fracao
Hexano Cloroférmio

Bioensaios
| | [ | |
Larvicida || Moluscicida || Toxicolégico Citotéxico Fungicida
A. aegypti || B. glabrata A. salina K562 - leucemia mielocitica Patégenos humanos
crénica Trichophyton rubrum
NCIH292 - carcinoma T. tonsurans
do pulmio T. mentagrophytes
Hep-2 - tumor primario Microsporum canis
da laringe M. gypseum

Epidermophyton flocossum
Candida albicans

C. krusei

C. guilliermondi

C. parapsilosis

Figura 2. Esquema representativo do processo de extracdo para obtencao dos extratos brutos e fracdes
provenientes das algas para realizacdo dos bioensaios.
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ABSTRACT

This paper presents a novel investigation on the cytotoxic activity in human tumor cell from dichloromethane,
chloroform, methanol, ethanol, water extracts, and hexane and chloroform fractions from green, brown and red algae
collected at Riacho Doce Beach, north coast of Alagoas (Brazil) against the cancer cells K562 (chronic myelocytic
leukemia), HEp-2 (laryngeal epidermoid carcinoma) and NCI-H292 (human lung mucoepidermoid carcinoma)
through the MTT colorimetric method. The dichloromethane extract and chloroform fraction of Hypnea musciformis
showed the best cytotoxic activity against K562 (3.8 = 0.2 pg.mL™ and 6.4 + 0.4 pg.mL™ respectively).
Dichloromethane extracts of Dictyota dichotoma (16.3 + 0.3 ug.mL™) and the chloroform fraction of H. musciformis
(6.0 +0.03 pg.mL™) and chloroform fraction of P. gymnospora (8.2 + 0.4) were more active against HEp-2 as well
as ethanol extracts of P. gymnospora (15.9 + 2.8 pg.mL™) and chloroform fraction of H. musciformis (15.0 + 1.3
pg.mL™) against the cell NCI-H292. The constituents with higher anticancer action are present in extracts of
dichloromethane and chloroform and the chloroform fraction of H. musciformis, Digenea simplex, P. gymnospora,
and D.dichotoma. In the case of the seaweed S. vulgare, the anticancer constituents are present in the aqueous

extract.
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LIST OF ABBREVIATIONS

CH,ClI,- Dichloromethane

CHClI;- Chloroform

CH3;OH- Methanol

C,H¢O- Ethanol

DMEM- Dulbecco's Modified Eagle Medium

Hep-2 human larynx epidermoid carcinoma

IIF-ANA-antinuclear antibody-immunofluorescence

K562-chronic myelocytic leukemia

NCI-H292-human lung cancer

MTT- (3-(4,5-dimetilthyazolyl-2)2-,5 diphenyltetrazolium bromide)

INTRODUCTION

The search for promising substances through rational selection of natural products as anticancer drugs
source is an alternative subsidy to cancer treatment and have guided numerous searches for new medicines
(Magalhdes 2005). Algae, fungi, lichens, fungi and vascular plants are major sources for the research of new
bioactive molecules through the direct use of secondary metabolites or biosynthesis-derived compounds
produced in order to increase effectiveness and absorption or to decrease toxicity (Hostettman et al 1997).

Extensive researches are targeted for cancer’s chemoprevention aiming at stopping or reversing the
process that leads to the development and progression of precancerous cells through the use of non-cytotoxic
doses of functional nutrients and/or pharmacological agents (Gamal-Elden et al 2009). The HEp-2 cell
(American Type Culture Collection CCL-23), a tumor cell strain derived from human larynx carcinoma grown in
monolayers on glass slides, has proved to be an excellent medium for self-antigens provision in the I1F-ANAtest
(antinuclear antibody-immunofluorescence) since 1980. This HEp-2 cell virtually replaced cuts or rodents’ liver
imprint in clinical laboratories throughout the world due to its excellent visibility and easy handling for cell
culture compared to the maintenance of animal facilities suitable for laboratory breeding routine (Dellavance and
Andrade 2011).NCI-H292 cells correspond to a continuous strain of mucoepidermoid cells obtained from human
lung carcinoma, which has been used for isolation and propagation of Paramyxo virus humano (Morier et al
1996). The K562 strain is Ph+erythroleukemic, widely used as a model for studying drugs with anti-proliferative
capacity and/or inductors of fetal hemoglobin synthesis (Lozzio and Lozzio 1975).

Anti-tumor cytotoxic substances from marine organisms have been reported over the past 40 years
(Ibrahim et al 2005). Marine organisms are important and promising resources in cancer research and a number

of compounds from these organisms have undergone clinical trials as antitumor agents Shoeib et al (2005)
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screened for in-vitro cytotoxic activities using DLD-1 cells of methanolic extracts of 33 species of British marine
algae. The methanolic extract of Polysiphonia lanosa was the only one found to have an ICs, value of less than
50 pg. mL-1, and its chloroform fraction was found to be significantly more active than the parent methanolic
extract. P. lanosa is rich in brominated phenolic compounds.

Harada and Kamei (1997) selected, among 306 seaweed species, those with in vitro cytotoxic potential
against L1210 leukemic cells, observing that only 17 were active. The methanol extract of Amphiroa zonata
(ICso 20 pg.mL™) was more efficient against strains of human leukemic cells (L1210 and K562). Testing eight
alga species in China with potential antitumor activity, Xuet al (2004) found that chloroform and ethanol extracts
from Polysiphonia urcedata, the ethanolic from Scytosiphon lomentarius and hexane from Dictyopteris
divaricata showed cytotoxic activity against human oral epidermoid carcinoma (KB). Substances isolated from
algae, such as fucoidan, laminaran and terpenoids have activity against cancer cell strains (Gerwik and Bernart
1993; Synytsia et al 2010) and the search for new drugs from these organisms is crescent. In order a drug to be
considered effective in treating cancer, it is necessary to have a selective antitumor activity without side effects
Xu et al (2004). Jolles et al (1963) were the first researchers to report the influence of a sulphated degraded
laminarin obtained from seaweed extract in inhibiting the growth of tumor cells.

The use of cells as a tool of biological processes has been stimulated, since several research lines can be
addressed such as: gene expression, proliferation, cell-cell interaction, adhesion and carcinogenesis (Perez and
Curi 2005).

In view of the foregoing, this paper presents a study on the screening of some green, brown and red alga
species from Riacho Doce beach, Alagoas, Brazil, by evaluating the in vitro cytotoxic potential of extracts and
fractions of these organisms on three cancer cell strains: NCI-H292 (human lung cancer), Hep-2 (human larynx

epidermoid carcinoma) and K562 (chronic myelocytic leukemia).

MATERIAL AND METHODS

Biological material

Algae were manually collected from the Riacho Doce beach, (9 ° 34 '0 "S and 35 ° 39' 0" W) during low tide
period between October 2007 to July 2009. The collected samples were immediately transported to the
Phycology Laboratory of the Biological Sciences Institute (ICBS), Universidade Federal de Alagoas (UFAL).
Nine species of algae from three divisions were used for this study : Chlorophyta-Ulva lactuca Linnaeus-

MAC51238, Phaeophyta - Dictyota dichotoma (Hudson) J.V.Lamouroux-MAC51230; Padina gymnospora
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(Kutzing) Sonder-MAC51235 Sargassum vulgare C. Agardh- MAC 51236 and Rhodophyta — Gracilaria
caudata J. Agardh - MAC51232, Hypnea musciformis (Wulfen) J.VV. Lamouroux-MAC51234, Galaxaura
rugosa (J. Ellis & Solander) J.V. Lamouroux-MAC51239; Gellidium pusillum (J.Stackhouse) Le Jolis-
MAC51233, Digena simplex (Wulfen) C. Agardh-MAC51231). The voucher of respected species were deposited

in the MAC Herbarium, Environment Institute of the city of Maceid, Alagoas (Br) as internal reference material.

Extracts obtainment

Algae were washed with distilled water, dried in air-circulating ovens (Blue M0d1401440SC, USA) at
45°C for five hours and crushed in industrial blender (type TA-2 METVISA model, Brazil). The dried and
ground material from each collection and each alga was mixed in equal amounts to dilute any possible seasonal
difference in chemical extracts to be obtained. To obtain crude extracts, 500g samples of dried seaweed were
suspended in 1000 mL dichloromethane, chloroform, methanol, ethanol and water and macerated for 72 hours
with three repetitions. Organic extracts were filtered and roto-evaporated (Rotevaporator Buchii Heating Bath-
B490, Switzerland) at 25°C and 40°C, except for the aqueous extract that was lyophilized (Edwards High
Vacuum Lyophilizer, ModE2MB, Brazil). The mass from these extracts was measured and stored under
refrigeration for subsequent cytotoxicity assays. Dichloromethane extracts from H. musciformis and P.
gymnospora were selected for fractionation by having higher yields: 11.86 g (2.58%) and 13.96 g (3.04%),
respectively. For fractionation by liquid-liquid partition, crude extracts of H. musciformis (2.73g) and P.
gymnospora (1.90g) were suspended in methanol:water (3:1) and extracted with hexane and chloroform
respectively, resulting in hexane and chloroform fractions to test for cytotoxic activities. All solvents used were

VETEC-Quimica Fina (RJ-Brazil)

Cytotoxic activity in vitro

Cell strains K562 (Human chronic myelocytic leukemia), NCI-H292 (Human lungmucoepidermoid
carcinoma), HEp-2 (Human larynx epidermoid carcinoma) were all obtained from Cell Bank in Rio de Janeiro
(Rio de Janeiro, Brazil). Cells were maintained in DMEM GIBCO® supplemented with 10% fetal bovine serum,

2mM glutamine, 100U.mL™ penicillin, 100 ug.mL *streptomycin at 37°C with 5% CO, (Eagle 1955).

Cells suspension of 1x10°cells/mL (HEp-2 e NCI-H292) and 0.3x10°cells/mL (K562) were distributed
in 96-well plates and incubated at 37°C in a wet atmosphere (5% CO,) for 24 hours. Then the extracts at

different concentrations (6.25, 12.50, 25.0 and 50pug.mL™ ) were added to the plates and the concentrations that
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killed approximately 50% of cells were tested again in 4 more tests to confirm results and calculation of ICsy.
After 24 h, extracts (6.25 - 50ug.mL™) dissolved in DMSO were added to each well and incubated for 72 h.
Control groups received DMSO. Etoposide (1.25 - 20pug.mL™) was used as positive control. The growth of
tumor cells was quantified by the ability of living cells to reduce yellow tetrazolium MTT (3-(4, 5-
dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide) to a blue formazan product (Mosmann 1983; Alley et al
1988). At the end of 72-hour incubation, the plate was added with MTT (5.0mg.mL™). Three hours later, for
suspended cells and two for adherent cells, the formazan product of MTT reduction was dissolved in DMSO and
absorbance was measured using a multi-plate reader. The drug effect was quantified as percentage of control
absorbance of reduced dye at 450 nm (Multiplate Reader Thermoplate-Mod TP_Reader). Results were expressed
as mean percentage of growth inhibition in 50% of cell population (ICs, growth inhibition) (G1)% * SD -

Standard Deviation (SD).
RESULTS AND DISCUSSION

The cytotoxic activity of 48 samples of crude algae extracts and fractions thereof on human cancer cell
strains is presented in table 1. The evaluation was conducted in accordance with the Protocol of the American
Cancer Institute (NCI), which recommends that 1Cs, values < 30ug.mL™ should be considered significant for
crude extracts of plant origin as well as 1Cs, values < 4ug.mL™ for pure substances (Geran et al 1972). This
paper presents the first studies on the effect of crude extracts and fractions of different algal species from the

coast of Alagoas on different cancer cell strains, emphasizing that 55.17% of species showed cytotoxic activity.

Ethanol extracts of H. musciformis (22.0 + 3.5 ug.mL™), P. gymnospora (15.9 + 2.8 ug.mL™), D.
dichotoma (22.7 + 4.2 pg.mL™) and chloroform extracts of D. dichotoma (25.2 + 1.1 pg.mL™) showed selectivity
towards NCI-H292 cells. Regarding HEp-2 cells, the dichloromethane extract (16.3 + 0.3 ug.mL™), chloroform
extract (18.2 + 0.3) and extract methanolic (20.6 + 0.7 ugmL™) of D. dichotoma were active against these cells.
Cytotoxicity showed by Dictyota may be due to the presence of diterpenes common to Dictyotaceae family,

which shows activity against tumor cells (Gedara et al 2003).

Extracts that showed cytotoxic activity against K562 cells were obtained with dichloromethane (3.8 +
0.2 pg.mL™) and chloroform (17.4 + 1.1 pg.mL™) of H. musciformis. Dichloromethane (14.9 + 0.7 pg.mL-1)
and chloroform (15.5 + 0.7 pg.mL™) extracts of P. gymnospora and dichloromethane extract of D. dichotoma
(14.4 = 0.7 png.mL-1) were also active for K562 cells. Ktari and Guyot (1999) evaluated the cytotoxic activity of

dichloromethane extract of Padina pavonica against KB cells and results showed significant activity (ICso =
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10pg.mL™). In our study, chloroform fraction of the dichloromethane extract of P. gymnospora showed similar
value to that found by these authors for K562 (ICso = 11.0 ug.mL™) and HEp-2 (ICs = 8.2 pg.mL™) cells.
Abourriche et al (1999) determined the cytotoxic activity (20 pg.mL™) of dichloromethane extract of Cystoseira
tamariscifolia collected in Morocco (Mexico) which inhibited 30% KB cells. Cytotoxicity results obtained with
the chloroform fraction of dichloromethane extract of H. musciformis were significant for all three tested cell
strains: NCI-H292 (I1Cso = 15.0 + 1.3 pg.mL™), HEp-2 (ICs, = 6.0 £+ 0.3 pg.mL™) and K562 (ICso = 6.4 + 0.4
pg.mL™) suggesting the existence of specific secondary metabolites that can interfere with cellular mitosis
(Moo-Puc et al 2009). The chloroform fraction of P. gymnospora also showed significant values against NCI-
H292 (ICso = 20.9 + 1.1 pg.mL™), HEp-2 (ICs = 8.2 + 0.4 ng.mL™) and K562 (ICs = 11.0 + 0.6 pg.mL™).
Shoeib et al(2004), evaluating the in vitro cytotoxic activity of the red alga Polysiphonia lanosa against DLD-1
and HCT-116 cells (human colon carcinoma) showed that the chloroform fraction yielded better results than the
methanol extract, which was also observed in our study regarding chloroform fraction of H. musciformis against
HEp-2 cells (ICs, = 6.0 = 0.3 ugmL™). Some evidence has suggested that phenolic compounds inhibit
telomerase activity in tumor cells (Naasani et al 1998; Chakraborty et al 2006). In most tumors the maintenance
of telomeres occurs with the telomerase expression (Akiyama et al 2002). Moo-Puc et al (2009), performed a test
to evaluate the effect of aqueous and organic (dichloromethane: methanol-7: 3) extracts of 27 algal species on
three human cancer cell strains (Hep-2, KB and HelLa) and found that most of cytotoxic extracts were organic
and from species belonging to Chlorophyta (Udotea flabellum22.5 pg.mL™ + 1.2 and + 1.4 U. conglutinate 22.2
pg.mL™) and Rhopdophyta (Bryothamnion triquetrum 8.2 + 1.3ug.mL™) divisions against Hep-2 cells and
Phaeophyta division (Lobophora vairegata 26.2 ng.mL™ + 1.3 + 1.2 and Dictyota caribaea 27.9 ug.mL™) that
showed cytotoxic activity against KB strains. Taskin et al (2010) investigated the antitumor activity of Padina
pavonica and H. musciformis against breast cancer cells (MCF-7) and several strains of prostate cancer (DU-145,
LNCaP and PC3) by in vitro cytotoxicity assay with methanolic extract and found that crude extracts of H.
musciformis at 100 pg.mL™ had low toxicity against cell strains tested. In this study, methanolic extract of H.
musciformis also showed no cytotoxic activity against cell strains tested; however, it showed promising
cytotoxicity for dichloromethane, chloroform and ethanol extracts. Concerning to agqueous extracts, only S.
vulgare showed activity (ICs, = 18.7 + 3.8 ug.mL™) thus considering that organic extracts have different
constituents in comparison with hydrophilic ones, which have permeability with respect to cell membrane, partly
explaining the limited effects of aqueous extracts on cancer cells (Moo-Puc et al (2009). Wang et al (2008) tested
for proliferative potential of aqueous extract of 12 algae species from Hong Kong in HL-60 cells (promyelocytic

leukemia) and MCF-7 (breast cancer) and found that Hydroclathrus clathratus and Padina arborescens inhibited
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their growth being also less toxic to normal cells. The extract that showed increased cytotoxic activity in this
study was dichloromethane of H. musciformis (ICs = 3.8 = 0.2 pg.mL™) against K562 cells which is higher than
the etoposid control. H.musciformis, D. simplex, P. gymnospora, S. vulgare and D. dichotoma were among

species considered promising by LCgovalues < 30 obtained from different extracts.

Although the metabolites responsible for the antiproliferative action of algae species studied have not
been chemically characterized in this study, the data indicate the occurrence of several secondary compounds
with low polarity which are spread more easily in cell membranes than the more polar (Moo-Puc et al 2009;
2011) since the crude extracts of dichloromethane, ethanol and chloroform fraction concentrated the substances

responsible for the most significant cytotoxic activity.
CONCLUSION

Results of cytotoxic activity with seaweed extracts and fractions against tested cell strains (NCI-H292, Hep-2
and K562) showed that compounds with higher anticancer action are present in species H.musciformis,
D.simplex, P. gymnospora, S. vulgare, D.dichotoma, particularly in dichloromethane, chloroform extracts and
chloroform fraction. It was found that crude extracts of dichloromethane and ethanol and the chloroform fraction
concentrated the substances responsible for the most significant cytotoxic activity on the strains tested, once less
polar compounds are more easily spread in the cell membranes than the more polar ones. Hypnea musciformis
and Padina gymnospora might be a potential source for anticancer metabolites which can be mustered for the

development of effective cancer drugs.
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Table 1. Gls values (ug/mL™) for crude extracts of marine benthic algae against NCI-H292, HEp-2 and
K562tumor cells. Results are expressed as minimum inhibitory concentration able to destroy 50% population =

standard deviation (SD).

*Glspo Strains

ALGAE SOLVENT NCI-H292 HEp-2 K562
Ulva lactuca CH,Cl, >50 > 50 > 50
CHCI, >50 > 50 > 50
CH;0H >50 > 50 >50
C,H:O >50 >50 > 50
H,O >50 48.5£2.9 > 50
Hypnea musciformis CH.Cl, >50 >50 3.8+0.2
CHCI, >50 >50 17.4+41.1
CH;0H 40.2+£3.1 48.3£3.9 > 50
C,H:O 22.0£3.5 44.4+6.3 > 50
H,O >50 43.6+5.4 > 50
Digena simplex CH.Cl, >50 >50 >50
CHCI, >50 >50 > 50
CH;0H >50 >50 33.8£1.8
C2HsO >50 32.2+1.0 > 50
H,O >50 >50 > 50
Galaxuara rugosa CH.Cl, >50 > 50 > 50
CHCI; >50 > 50 > 50
CH;0H >50 > 50 > 50
C,H:O >50 >50 > 50
H,O >50 >50 >50
Gracilaria caudata CH.Cl, >50 > 50 > 50
CHCI; >50 > 50 > 50
CH,0H >50 > 50 >50
CH:O >50 > 50 > 50
H,O >50 >50 >50
Gellidium pusillum CH.Cl, >50 > 50 > 50
CHCl; >50 > 50 > 50
CH,0H >50 >50 > 50
C,HsO >50 >50 >50
H,O >50 >50 >50
Padina gymnospora CH.Cl, >50 >50 14.9+0.7
CHCl, 40.2+1.9 >50 15.520.7
CH;0H >50 >50 30.8+1.7
C,HsO 15.9+2.8 42.142.5 >50
H,O >50 >50 >50
Sargassum vulgare CH.Cl, >50 > 50 > 50
CHCl; >50 >50 > 50
CH,0OH >50 >50 > 50
C,HsO >50 >50 >50
H,O >50 18.7£3.8 > 50
Dictyota dichotoma CH.Cl, 41.1+2.3 16.3+0.3 14,4+0,7
CHCI, 25.2+1.1 18.2+0.3 32.5+1.9
CH-0OH 40.3+3.0 20.6+0.7 > 50
C,HsO 22.744.2 47.645.9 > 50
H,O >50 >50 >50
H. musciformis Fraction CHCI, 15.0+1.3 6.0 0.3 6.4+0.4
P. gymnospora Fraction CgH14 > 50 > 50 >50
P. gymnospora Fraction CHCI; 20.9+1.1 8.2 0.4 11.0+0.6
Etoposideo Control 6.1+0.19 2.7+0.1 4.4+0.2

*Glsgy, - Dose that inhibits 50% cell growth (ng.mL™) + standard deviation.
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ABSTRACT

Algae are bioactive natural resources and due to the medical importance of superficial mycoses, we focused the
action of macroalga extracts against dermatophytes and Candida species. Seaweed obtained from the Riacho
Doce beach, Alagoas (Brazil) were screened for the antifungal activity, through crude extracts using
dichloromethane, chloroform, methanol, ethanol, water and chloroform and hexane fractions of green, brown
and red algae in assays with standard strains of the dermatophytes Trichophyton rubrum, T. tonsurans, T.
mentagrophytes, Microsporum canis, M. gypseum and yeasts Candida albicans, C. krusei, C. guilliermondi and
C. parapsilosis.The M44-A and M27-A2/M38A manuals by CLSI were followed and the Minimum Inhibitory
Concentration (MIC) ranged from 0.03 to 16.00 pg ml™ and an inhibition halo of 10.00-25.00 mm was observed
for dermatophytes, while for yeast, it was from 8.00 to 16.00 pg mI™ and 10.00-15.00 mm. M. canis showed
MIC of .03 pg mI™ and the largest inhibition halo in T. rubrum (25.00 mm) through the use of the methanol
extract. For C. albicans, dichloromethane, methanol and ethanol extracts formed the largest inhibition halo. The
ethanol extract was shown to be the best inhibiting fungi growth and chloroform and hexane fractions of H.
musciformis inhibited the growth of all dermatophytes and C. albicans, yielding the conclusion that apolar

extracts obtained from algae presented the best activity against important pathogenic fungi.

Introduction

Fungi as agents of superficial mycoses cause a wide range of diseases in humans and animals, involving
the outer layer in the stratum corneum of the skin and frequently causing chronic infections. The major
etiological agents of these mycoses are dermatophytes and Candida species, cosmopolitan fungi that are able to
affect deeper layers of the epidermis and mucous or organs in debilitated individuals. As the population of
immune compromised continues to arise, the opportunistic fungal pathogens infecting these patients continue to
increase as well [1, 2].

Dermatophytes are a group of filamentous fungi that have the ability to invade keratinized tissues of
humans and other animals, usually causing superficial lesions after gene-regulated expression in response to
characters of each anatomic site, like nutrient availability, specific carbon sources and Ph [3, 4]. Among the
dermatophyte species, the most prevalent in fungal infections are Trichophyton rubrum, T. tonsurans and
Microsporum canis, causing different clinical cases observed in the world [5]. The other important group of
pathogens fungi included the yeasts, which are considered opportunistic agents, especially Candida species,
frequently observed in vulvovaginitis, onychomycosis and other mucus-cutaneous frameworks [6]. Nonetheless,

invasive fungal infections due to Candida species constitute an increasing clinical problem [7, 8].



52

The indiscriminate and prolonged use of antimicrobial drugs has led to therapeutic failures associated to
the selection of resistant pathogens [9, 10]. The search for new drugs from plants has been expanding for the
treatment against fungi due to the existence of a few antifungal classes and the emergence of resistant strains
[11, 1]. Natural elements of several plants are being used and numerous studies have reported the presence of
bioactive compounds in alga extracts, especially those capable of inhibiting the growth of bacteria and fungi.
The potential in macroalga extracts is studied in medical and biochemical research, due to presence of
compounds with pharmacological action, as that was observed in the control of diseases caused by fungi,
pathogens of plants and animals, including humans [12-14].

In vitro susceptibility testing for fungi has not been routinely employed. However, such tests have a
great importance for the verification of microrganisms resistance, aiming at choosing the best antimycotic
treatment and for the research of alternative substances to be used as drugs [15]. Recent observations have
indicated that the disc diffusion method is successfully performed in susceptibility drugs analyses in bacteria and
fungi pathogens [16-18]. As a matter of fact, the best in vitro antifungal susceptibility test is the microdilution
for MIC analyses, once that it helps to optimize the selection for an effective antifungal drug [19].

Considering the demand for treatments, especially in immunocompromised individuals, the study
focusing therapeutic properties of plants has grown considerably, including those with antimycotic activity. In
addition, the present work represents the first experimental study in the state of Alagoas (Brazil) in order to
investigate algae with antifungal activity, through in vitro research of alga crude extracts using different solvents
into species of dermatophytes and Candida, aiming at the expansion of the alternatives for low-cost and more

effective treatment of fungal infections.

Methods
Marine Alga Sampling and Isolation of Alga Extracts

Algae were collected on the beach Riacho Doce, north coast of Alagoas State (9° 34 '0 'S and 35° 39' 0"
W), during low tide period (October 2007 to July 2009) and transported to the Phycology Laboratory at UFAL.
Each species was identified through classical methods. Exsiccates species of Ulva lactuca Linnaeus
(MAC51238) (Chlorophyta), Phaeophyta member Dictyota dichotoma (Hudson) Lamouroux (MAC51230),
Padina gymnospora (Kutzing) (Sonder, MAC51235), Sargassum vulgare Agardh (MAC 51236) and
Rhodophyta Hypnea musciformis (Wulfen) Lamouroux (MAC51234), Digenea simplex (Wulfen) Agardh

(MAC51231) were deposited in the MAC Herbarium, Environment Institute, Maceio, Alagoas (Brazil).
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The algae were washed with distilled water, dried in air-circulating ovens (BLUE, MOD-1401440SC,
USA) at 45 °C for 3 h and crushed in an industrial blender (METVISA model TA-2). The dried and crushed
material from each alga was mixed in equal quantities, aiming at diluting any possibility of seasonal chemical
difference in the extracts. To obtain crude extracts, 500 g of dried alga samples were suspended in 1000 mL of
dichloromethane, chloroform, methanol, ethanol or water as solvents for maceration. Organic extracts were
filtered and treated in a rotoevaporator (MOD Bath B-490, Switzerland) at 25-40 °C, except for the aqueous
extract, that was lyophilized (Freeze dryer Mod E2MB, Brazil). All extracts were stored (20 °C) for further
testing for antifungal activity.

Due to the better yields, dichloromethane extracts of H. musciformis and P. gymnospora were selected
for fractionation, 11.86 g (2.58%) and 13.96 g (3.04%) respectively. For fractionation through liquid-liquid
partition, crude extracts of H. musciformis (2.73 g) and P. gymnospora (1.90 g) were suspended in methanol,
water (3:1) and extracted with hexane and chloroform to obtain specific fractions. All solvents were purchased

from (VETEC, Brazil).

Fungi Strains and Culture Conditions

The fungal species used in our study were obtained from the URM Culture Collection (University of
Recife Mycology), identified through standard methods as strains of the dermatophytes Trichophyton rubrum
(URM-4158), T. tonsurans (URM-4963), T. mentagrophytes (URM-4422), Microsporum canis (URM-4158), M.
gypseum (URM-3645), Epidermophyton flocossum (URM-3345) and yeasts Candida albicans (URM-5689), C.
krusei (URM-1059), C. guilliermondi (URM-5563)and C. parapsilosis-URM-5583). For the storage, all species

were maintained by culturing in Potato Dextrose Agar (PDA, HiMed-MO096) at 28-35 °C until the next steps.

Antifungal Analyses

The antifungal activities of the extracts were performed in vitro according to Clinical and Laboratory
Standards. For the conventional microdilution procedures, the dermatophyte assays were performed of according
to M 438-A [20] descriptions with modifications indicated by Fernandez-Torrez et al. [21] and Barros et al. [22],
in parallel with disc diffusion, while yeasts were treated with crude extract during assays in vitro using agar disc
diffusion and microdilution methods following the M27-A2 and M44-A2 manuals [23]. The minimal inhibitory
concentration (MIC) was then determined for each test sample after culture in RPMI 1640 medium (Sigma-

Aldrich, USA) with L-glutamine and without sodium bicarbonate, buffered to pH 7.0 with MOPS [3-(N-
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morpholino) propanesulphonic] to 0.165 M (Sigma-Aldrich, USA) and sterilized using a 0.22 um membrane

(Millipore, USA).

Microdilution Assays

Fungal isolates were prepared after 7 days and 48 h cultures were grown on Potato Dextrose Agar
(HiMed-M096), respectively for dermatophytes (28 °C) and Candida species at 35 °C. The suspensions of each
fungus was prepared with 5 ml of sterile distilled water in test tubes, agitation on vortex and a sedimentation step
(30 min) at room temperature. The fungi suspensions were adjusted to 0.5 MacFarland scale (Candida spp) and
optical density reading in a spectrophotometer (dermatophytes) at 530 nm for 0.11-0.09. The suspensions were
then diluted (1:50) to obtain the final inoculum concentration of approximately 0.4 x10* to 5x10* CFU mI™. In
96-well microtiter plates (Corning Incorporated Costar® USA), we incubated 100 ul extract, and a final
concentration in each well ranged from 0.03 to 16.00 pug ml™. Cell suspensions with equal volume (100 pl) were
inoculated in test wells and all microplates were incubated without agitation, at 28 °C + 2 °C for 7 days with
dermatophytes and 33 °C + 2 °C for 48 h with Candida species for further reading and result interpretation.
Control wells were included for each test, containing 100 ml of RPMI 1640 medium with fluconazole (negative
control) at 5x10%ug ml™* and RPMI 1640 with spores (positive control). Each assay was carried out in duplicate
and the Minimum Inhibitory Concentration (MIC) of alga extracts was determined by visual inspection of each
well through evaluation of fungal growth inhibition in comparison to growth control well and quantified

according to the protocol of CLSI[20, 23].

Disc Diffusion Procedures

Fungi colonies were diluted in sterilized water adjuster to 0.5 MacFarland scale turbidity standard (10°
CFU/ml suspension). Individually, each dermatophyte and Candida species were inoculated through swabbing
on plates containing solid YPD medium (Yeast Peptone Dextrose, HiMed M935). After 30 min, six wells with 5
mm in diameter were opened in the middle with sterilized molds, where five extracts per plate for each species
of dermatophytes and Candida were tested individually, containing 5 pL extracts and control [fluconalzol-
positive (Zoltec Pfizer®, 150 mg) and negative-dimethyl sulfoxide-DMSO)] at 100 ug ml™. Afterwards, plates
were incubated at 32 °C for 5 days and the results were determined from the observation of presence or absence
of growth and size of the inhibition zone, measured with the aid of calipers (Mitutoyo 150 mm MOD 530 101,

Japan). All experiments were performed in duplicate.
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Results

In this report, we investigated the action of crude extracts of six macroalgae species prepared in
different compositions against standard strains of fungi pathogens, the major agents of common superficial
mycoses, such as dermatophytosis and candidiasis, using microdilution and disc diffusion standards procedures.

MICs of crude macroalga extracts for six dermatophyte strains were determined. Extracts of
dichloromethane, methanol and ethanol of H. musciformis against M. canis and T. tonsurans showed a MIC of
0.03 pg ml™, while P. gymnospora has effective activity against T. tonsurans, T. rubrum, M. canis and E.
flocossum and dichloromethane and methanol extracts of D. simplex against T. rubrum and M. canis. The
aqueous extract of Ulva lactuca showed 5.00 pg ml™ MIC against T. rubrum and E. flocossum. Significant
activities were observed about methanolic extracts of H. musciformes, dichloromethane of P. gymnospora and
ethanol from S. vulgare. In Table 1, it is possible to observe the MICs of different extracts for all fungi tested,
when different fractions (Table 2) were evaluated.

After analyses of results for agar diffusion, the extracts dichloromethane of P. gymnospora, ethanolic of
H. musciformes and methanol of D. dichotoma were those that showed best results, probably due to the polarity
of these extracts with concentration of substances present in these algae responsible for antifungal activity, as is
observed in Table 3, where we presented the specific diameter of inhibition zones. The inhibition halo of ethanol
extract from H. musciformis was 2.00 mm in the tests with M. canis, while 2.50 mm was observed with
dichloromethane, methanol and ethanol extracts from P. gymnospora against T. rubrum and methanolic from
D. dichotoma against M. canis. The ethanolic extract of D. simplex also formed a halo with 15mm when it was
tested against M. canis and E. floflocossum.

About our results of yeast species, dichloromethane and ethanol extracts of H. musciformis and D.
simplex generated a MIC of 8.00 pg ml™ against C. albicans, but chloroform and ethanol extracts of P.
gymnospora and S. vulgare demonstrated a 16.00 ug ml™ MIC against the same species. Similar results were
obtained with aqueous extract of U. lactuca against C. albicans, C. krusei and C. parapsilosis. However,
dichloromethane and ethanolic extract of P. gymnospora showed antifungal activity only against C. albicans,
with the largest inhibition halo (15.00 mm) (Table 3). Then, extracts of H. musciformis, D. dichotoma and P.
gymnospora showed antifungal activity against all species of dermatophytes, but between yeasts, only on C.
albicans.

Regarding the results obtained with fractions of chloroform and hexane extracts of H. musciformes and
P. gymnospora through the microdilution test and agar diffusion, we found that these fractions had higher

antifungal activity against dermatophytes than did the Candida species (Tables 2 and 4).
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Discussion

The antimicrobial activities of numerous alga species have been tested and reported, presenting an
extended spectrum of action against bacteria and fungi, including dermatophytes and Candida species.
According to Ostrosky et al. [19] and Chiheb et al. [24], regarding the methods used to evaluate the
antimicrobial activity, agar dilution is the most widely used due to its simplicity of implementation and low cost,
which was confirmed in this study. For MIC determination, the microdilution method was the best mainly due to
the sensitivity and minimal amounts of reagents, allowing a higher number of replicates and increasing the
reliability of results. A combination of different methodologies may also provide a great platform for discovering
new antifungal drugs for treatment of dermatophytosis and other mycoses [1]. Temperature and duration of
incubation used in the microdilution method according with the document M 38-A of filamentous fungi were
modified in our study. We adopted temperature and incubation time according to Fernandez-Torrez et al. [21]
and Barros et al. [22] for better results and observations in susceptibility tests with dermatophytes, but we
continued to use PDA also recommended by the CLSI reference method because it is a good medium to enhance
the sporulation in dermatophytes.

The antimicrobial activity of alga extracts was observed in bacteria and fungi strains by many
researchers and ecological parameters could have influenced in the results. As noted, purified compounds from
seaweed have better direct effects against microorganisms than do crude extracts, but interesting results are
observed by the use of macroalga crude extracts like some tested in our experiments. Hellio et al. [25] tested
many extracts of seaweed and observed a decrease in the development of fungi and Gram negative bacteria,
while Ballesteros et al. [26] observed large antimicrobial activity of methanolic alga extracts from 71 species on
the Mediterranean area, finding antifungal activities in tests with Dictyota, Padina and Sargassum species. In
2008, Shanmughapriya et al. [24] tested members of Rhodophyta, Phaeophyta and Chlorophyta against fungi
and bacteria, including multi-resistant human pathogens, resulting in the inhibition of growth in many species.
Rizvi & Shameel [12], studying the bioactivity of chemical elements in marine algae from Karachi coast
(Pakistan), found antifungal activity on M. canis and T. mentagrophytes by using methanol extracts of H.
musciformis, S. vulgare, U. lactuca, D. hauckiana and P. tetrastromatica and the crude water extract from a
Digenea simplexseaweed exhibited anti-HIV-1 and anti-helmint activity in vitro [28-29], probably due to
presence of domoic and a-kainic acids. Additionally, a protein fraction rich in lectin was obtained from H.
musciformis, which demonstrated a power to growth inhibition of T. rubrum, Colletotrichum lindemuthianum

[30], C. guilhiermondii and low activity against C. albicans from patients with vaginal candidiasis [31].
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Tuney et al. [32] pointed out results that may be related to the presence of bioactive metabolites soluble
in ethanol, which may also have occurred with dichloromethane and methanol extracts of the algae analyzed in
this study. In the same study, they evaluated the antimicrobial activity of diethyl ether extracts from marine algae
through the agar diffusion technique, detecting halos larger than 15 mm for Candida species. Interesting,
Salvador et al. [33] found antimicrobial activity in crude, fresh and lyophilized extracts of A. armata against C.
albicans and detected a high zone of inhibition (53.2 mm). These results agree with those obtained in our
experiments with yeast in disc-diffusion tests in agar. However, data from this study differ from those observed
by Orandy et al. [34], who tested the active fraction of four species of marine algae against bacteria and C.
albicans and found increased activity of the fraction of petroleum ether extract of Sargassum fluitans on C.
albicans.

It can be concluded that dichloromethanolic, methanol and ethanol extracts showed the best antifungal
activity against species of dermatophytes and C. albicans. Of the six alga species tested, all the macroalgae
demonstrated antifungal activity against the dermatophytes through both methods used, but the same did not
occur with Candida species, in which good results were only observed in the microdilution method with H.
musciformis, D. simplex and S. vulgare. The present study in searching alga species with antifungal properties
presents advantage due to the use of different solvents, resulting in a more selective extraction, responsible for
antimicrobial activities. However, the bioactive compounds present in these extracts, which vary widely in their

chemical polarity, must be purified for better results.
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Table 1. Minimum inhibitory concentration of algae extracts against different species of dermatophytes and
Candida through the microdilution test.

Minimum inhibitory concentration (MIC*-pg.mL™)

ALGAE/ DERMATOPHYTE SPECIES Candida SPECIES

SOLVENTS TT TR ™ MC MG EF CA CG CP CK
Hypnea musciformis
Dichloromethane - - 4.0 0.031 8,0 - 8,0 - 16.0 16.0
Chloroform - - - - - - - - - -
Methanol 0.031 0.125 4.0 0.031 - 0.5 - - - -
Ethanol 0.031 0.625 16.0 - 8,0 0.5 - - - -
Water - 0.625 16.0 - 8,0 0.5 - - - -
Digenea simplex
Dichloromethane - 0.031 - 0.031 - - - - - -
Chloroform - - - - - - - - - -
Methanol - - - 0.031 - - - - - -
Ethanol - 2.0 8,0 - 8,0 4.0 8,0 - 16.0 16.0
Water - - - - - - - - - -
Padina gymnospora
Dichloromethane 0.031 0.031 4.0 0.031 - 0.031 - - - -
Chloroform - - - - - - - - - -
Methanol - - - 0.031 8,0 - 16.0
Ethanol 0.031 4.0 - 0.031 8,0 - - - - -
Water - 0.125 8.0 - - 2.0 - - - -
Dictyota dichotoma
Dichloromethane 4.0 - - 0.031 - 0.031 - - - -
Chloroform - - - - - - - - - -
Methanol - - - - 8,0 - - - - -
Ethanol - - - - - - - - - -
Water 16.0 0.031 8,0 0.125 - - - -

Sargassum vulgare

Dichloromethane - - - - - - - - - -
Chloroform - - - - - - - - - -
Methanol - - - - - -
Ethanol 8,0 25 8.0 0.031 - - 16.0 - 16.0 16.0
Water - - - - - - - - - -
Ulva lactuca

Dichloromethane 4.0 - - - - - - - - -
Chloroform - - - - - - - - - -
Methanol - - - - - - - - - -
Ethanol - - - - - - - -
Water - 0.5 8.0 - 16.0 - 16,0 - 16.0 16.0

Control+ + + + + + + + + + +
Control- - - - - - - - - -

*MIC: expressed in extract concentration (v/v); TT: Trichophyton tonsurans; TR: T. rubrum; TT: T. mentagrophytes;
MC: Microsporum canis; MG: M. gypseum; EF: Epidermophyton flocossum; CA: Candida albicans; CG: C.
guilliermondii; CP: C. parapsilosis; CK: C. krusei; - (hifen): no antifungal activity C+:Positive control (DMSO/ETOH);
C-:Negative control (Fluoconazol
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Table 2. Minimum inhibitory concentration* of different fractions of algae extracts against species of
dermatophytes and Candida.

Minimum inhibitory concentration (MIC-pg.mL™)

DERMATOPHYTE SPECIES Candida SPECIES
ALGAE/SOLVENTS
TT TR T™™ MC MG EF CA CG CP CK

Hypnea musciformis

Hexane 2.0 80 160 40 160 16.0 16.0 - - -
Chloroform 16.0 16.0 160 4.0 80 160 16.0 - - -
Padina gymnospora

Hexane 8.0 16.0 - 8.0 - 16.0 - - - -
Chloroform 80 160 16.0 16.0 - 16.0 16.0 - - -
Control+ + + + + + + + + + +
Control- - - - - - - -

TT: Trichophyton tonsurans; R: T. rubrum; TT: T. mentagrophytes; MC: Microsporum canis; MG: M. gypseum;
EF: Epidermophyton flocossum; CA: Candida albicans; CG: C. guilliermondii; CP: C. parapsilosis; CK: C. krusei;-
(hifen): no antifungal activity.C+:Positive control (DMSO/ETOH); C-:Negative control (Fluoconazol
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Table 3. Diameter of inhibitioin halos from diferente algae extracts against spceies of dermathophytes and
Candida.

AGAR DIFUSION (mm)

ALGAE/SOLVENTS DERMATOPHYTE SPECIES Candida SPECIES

T TR T™M MC MG EF CA CG CP CK

Hypnea musciformis

Dichloromethane - - - 15 10 - 10 - - -
Chloroform - - - - - - 10 - - -
Methanol - - - - - - - - - -
Ethanol - 20 15 20 15 15 - - - -
Water - - - - - - - - - -

Digenea simplex

Dichloromethane - - - - - - - - - -
Chloroform - - - - - - - - - -
Methanol - - - - - - - - - -
Ethanol - - 10 15 - 15 - - - -
Water - - - - - - - - - -
Padina gymnospora

Dichloromethane 12 25 - 12 10 15 15 - - -
Chloroform - - 15 - - - - - - -
Methanol - 25 - - - 15 10

Ethanol - 25 - - - 15 10 - - -
Water - - - - - - - - - R
Dictyota dichotoma

Dichloromethane - - - 15 - 15 - - - -
Chloroform - - - 10 - 10 - - - -
Methanol 20 15 20 25 20 - 10 - - -
Ethanol - - - - - - 15 - - -
Water - - - - - - - - - -
Sargassum vulgare

Dichloromethane - - - - - - - - - -
Chloroform - - - - - - - - - -
Methanol - - - - - - - - - -
Ethanol - - - 10 - 10 - - - -
Water - - - - - - - - - -
Ulva lactuca

Dichloromethane - - - - - - - - - -
Chloroform - - - - - - - - - -
Methanol - - - - - - - - - -
Ethanol - - - - - - - - - -
Water - - - - - - - - - R
Control + - - - - - - - - - -
Control- 30 30 30 30 30 30 30 30 30 30

TT: Trichophyton tonsurans; TR: T.rubrum; TT: T. mentagrophytes; MC: Microsporum canis; MG: M.
gypseum; EF: Epidermophyton flocossum; CA: Candida albicans; CG: C.guilliermondii; CP: C. parapsilosis;
CK: C. krusei; - (hifen): no antifungal activity.C+:Positive control (DMSO/ETOH); C-:Negative control
(Fluoconazol
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Table 4. Diameter of inhibition halos of different fractions of algae extracts against species of dermatophytes
and Candida

AGAR DIFUSION (mm)

DERMATOPHYTE SPECIES Candida SPECIES
ALGAE/SOLVENTS

TT TR ™ MC MG EF CA CG CP CK

Hypnea musciformis

Hexane 15 20 25 15 20 20 15 - - -
Chloroform 20 15 25 10 10 10 15 - - -
Padina gymnospora

Hexane 10 10 - - - 15 - - - -
Chloroform 10 15 10 - - 15 15 - - -
Control+ - - - - - - - - - -
Control - 30 30 30 30 30 30 30 30 30 30

TT: Trichophyton tonsurans; TR: Trichophyton rubrum; TT: Trichophyton mentagrophytes; MC: Microsporum
canis; MG: Microsporum gypseum; EF: Epidermophyton flocossum; CA: Candida albicans; CG: Candida
guilliermondii; CP: Candida parapsilosis; CK: Candida krusei; C+:Positive control (DMSO/ETOH);C-
:Negative control (Fluoconazol); - (hifen): no antifungal activity.
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Abstract
This study investigates the biological activity, which includes the larvicidal activity against Aedes
aegypti, molluscicidal activity against Biomphalaria glabrata and toxicity test against the non-target

organism Artemia salina, of five benthic marine algae collected from the North coast of Alagoas.
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Extracts of Ulva lactuca (Chlorophyta), Padina gymnospora, Sargassum vulgare (Phaeophyta),
Hypnea musciformis and Digena simplex (Rhodophyta) were obtained from different solvents of
increasing polarity such as dichloromethane, methanol, ethanol, and water. Of the five algae screened,
the dichloromethane extract of H. musciformis and P. gymnospora exhibited highest activity and were
subjected to bioassay guided fractionation in hexane and chloroform. The chloroform fraction of P.
gymnospora and H. musciformis showed molluscicidal activity with values below 40pg.mL'1
(11.1460 ug.mL'1 and 25.8689 ug.mL'l, respectively) and the chloroform and hexane fraction of P.
gymnospora showed larvicidal activity with values below 40 pg.mL™ (29.018 pg.mL™? and 17.230
ug.mL'l, respectively). Results showed that crude extracts were non-toxic against A. salina while
chloroform and hexane fractions of P. gymnospora (788.277ug.ml* e 706.990ug.ml™) showed
moderate toxicity, indicating the non-polar nature of toxic compounds present in the algae. Results of

this study demonstrate that extracts from algae do not provide toxicological risk to their use.

Keywords: molluscicidal, larvicidal toxicity, Biomphalaria glabrata, Artemia salina, Aedes aegypti,

seaweed extract, bioassay.

1. Introduction

The marine environment, particularly in the tropics, has immense species diversity than that of tropical
forests. This species richness is capable of producing a wide variety of chemical compounds with
unique structures and functions, many of which can be utilized for the development of novel drugs and
drug leads [1,2]. As an abundant sea resource in Brazilian coast, marine algae exhibit a greater source
of potential. It is known that species of marine algae synthesized bioactive compounds with diverse
activity [2,3]. Studies aiming to recognize representative genera of marine algae with bioactive
substances have been explored by the scientific community. In the last three decades, the discovery of

biologically active metabolites from macroalgae has hiked up [4,5,6].

The metabolite pattern of marine algae are analogous to terrestrial plants with respect to the
production of terpenes, aromatic compounds, acetogenins, amino acid derivatives and polyphenols
(Freitas et al., 1994 ; Faulkner, 2002). Manyof these metabolites have known to possesses

antibacterial, antifungal, antiviral, antitumor activities [1,2].

The Brazilian Northeast is the poorest region of Brazil and has the worst Human Development Indices.
Most of this population is subjected to neglected tropical diseases [7]. Dengue fever and

Schistosomiasis cause major public health concerns in Brazil and other tropical developing countries.
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Natural products with different biocidal activities can help to fight parasite vectors at the adult or
larval stages and can act as alternatives to synthetic products due to their rapid biodegradation and
lower cost [8].

The present study investigates the biological activity, which includes the larvicidal activity against
Aedes aegypti molluscicidal activity against Biomphalaria glabrata and toxicity test against the non-
target organism Artemia salina, of five marine algae collected from the North coast of Alagoas.

2. Results and Discussion

The crude extracts obtained from dichloromethane, methanol, ethanol and water of different algal
species - Ulva lactuca (Chlorophyta), Padina gymnospora, Sargassum vulgare (Phaeophyta), Hypnea
musciformis and Digena simplex (Rhodophyta) and the chloroform and hexane fractions of algae H.
musciformis, P. gymnospora were screened for biological activity. Tests were conducted using
different concentrations of extracts according to the organism’s susceptibility. Initial concentrations
used were of 1000 pg.mL™ for test toxicity against Artemia salina, 500 ppm for the larvicidal test
against Aedes aegypti and 100 ppm for the molluscicidal test against Biomphalaria glabrata.This is

the first report on the biological activity of marine algae collected from the coast of Alagoas State.

The activity of algal extracts on larvae of A. aegypti was found that only the hexane and chloroform
fractions of P. gymnospora exhibited activity with LCs, value of 29.01 pg.mL™ and 17.23 pg.mL™* |

respectively whereas the other extracts exhibited meager activity (Table 1).

Table 1. Lethal concentration of chloroform and hexane fractions (in ug.mL™ ) of P. gymnospora

front Aedes aegypti.
Algae/Fraction LCyo LCs LCq
3.004>7.67<12.373 29.018 <39.155 >54.584 117.9772199.791<572.243
CsHu4(a)
CHCl;(b) 0.992>3.009<5.559 17.230 25.340 >37.063 116.650>213.374<633.942

(a)Hexane fraction; (b) chloroform fraction

Selvin and Lipton [9], evaluating the biopotential of Ulva fasciata and H. musciformis in India verified
larvicidal activity for the mosquito Culex sp, at the second and fourth instars and found that larvae at
second instar produced 100% mortality at 10 pg.mL™ with methanol: diclromethane extracts (1:1).
Although in our study, the mosquito species has not been evaluated by these same authors, Culex sp.
has viral potential similar to A. aegypti and extracts from H. musciformis showed no lethality against
A. aegypti. Analyzing larvicidal activity of methanol extracts of 20 species of seaweed collected off
the coast of India against the second instar larvae of A. aegypti, [2] found that Lobophora variegata

(Phaeophyta-Dictyotaceae) had a higher value of LD50 (70.38 pg.mL-1). In our work, only the hexane
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and chloroform fractions of P. gymnospora (Phaeophyta) had the highest potential larvicide (29.018
ng.mL™* and 17.230 pg.mL™, respectively)

In relation to B. glabrata, two algal fractions showed molluscicidal activity, chloroform fractions from
H. musciformis and P. gymnospora and their lethal concentrations calculations. Hexane fractions of
these two algal species did not show molluscicidal activity sufficient to calculate the lethal
concentration (Table 2).

Regarding molluscicidal activity of the chloroform fraction from H. musciformis and P. gymnospora
that had LCs, values of 11.1460 pg.mL™ and 25.8689 nug.mL™ respectively, and according to WHO
[10], that recommends plant extracts with LC50<40 ppm can be used directly against B. glabrata and
these fractions might be excellent source of new compounds with molluscicidal activity. Patel et al
[11], evaluating the molluscicidal potential of methanolic extract of 60 marine algae found that only
the species Fucus serratus, F. vesiculosus, Pelvetia canaliculata, Ascophyllum nodosum, Halidrys
siliquosa, Bifurcaria bifurcata, Dictyota dichotoma and Halopithy sincurve exhibited activity against

B. glabrataata 500 pg.mL™.

Table 2. Accurate test with fractions from hexane (Cs Hi4) and chloroform (CHCIs) from seawater
species collected on the beach Riacho Doce-AL against B. glabrata.

LCyo (ug.mL™) LCso (ng.mL™) LCp (ng.mL™)
Algae/Extract
1C(95%) 1C(95%) 1C(95%)
H.musciformis/CHCI, 2.7831(2.2906-3.2838) 11.1460(10.1599-12.161) 44.6382(39.5253-51.3482)
P.gymnospora/ CHClI, 5.963(4.8189-7.1286) 25.8689(23.4123-28.4624) 112.2189(96.8318-133.4954

H.musciformis*/ CeHyg ook

P.gymnospora*/ CeHys ~ mmmmmmmmmmmmemeeeeee et e

*there was no possibility of LC calculation

The toxic effect on A. saline was analyzed in crude extracts of dichloromethane, methanol, ethanol and
water as well as chloroform and hexane fractions of algae H. musciformis and P. gymnospora, since
there was no mortality in various concentrations tested with other algal extracts tested, with no

possibility of LC calculation.

The LCs value expresses the concentration of extract or blank necessary to cause death in 50% of A.
salina specimens present in cultivation. Therefore, the lower the LCs value found, the greater the
toxic effect of the substance to different toxins [12]. Test results with A. salina indicated low toxicity
of crude extracts of dichloromethane, methanol, ethanol from P. gymnospora and dichloromethane,

methanol e watter from H. musciformis (Table 3). In relation to the fractions of dichloromethane
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extract, chloroform and hexane of P. gymnospora, they showed low toxicity against A. saline since
their values were below 10°. Toxicity values of H. musciformis were not possible to calculate the LC
(Table 4).For the other marine algae tested, there was no possibility of LC calculation.

Table 3. Accurate test with crude extracts of marine algae collected on the beach RiachoDoce-AL
against A. salina (DCM-dichloromethane; MeOH-methanol; ETOH- ethanol H,O- water)

Algae/Extract LCyo (Mg/mL) LCs (Mg/mL) LCyo (Hg/mL)

H.musciformis /CH,Cl, 540.54 ( 410.67 —620.21) 1070.90 (930.20 — 1480.02) 2130.46 (150.039 — 4780.61)
P.gymnospora CH,Cl, 440.56 (250.32 — 550.61) 1160.01 (940.48 — 2130.66)  2950.41 (1770.11 — 16330.47)
<.musciformis /MeOH 590.73 (470.908- 670.167) 1130.02 (970.18 — 1570.13) 2130.85 (1540.77 — 4680.26)
2.gymnospora /MeOH 640.42 (560.31 — 700.235) 1000.78 (901.74 — 1170.73) 1570.69 (1300.87 — 2250.43)
P.gymnospora /ETOH 830.84 (720.39 — 970.64) 1430.59 (1150.01 — 3070.08)  2450.94 (1630.69 — 10770.90)

<.musciformis/H,O 550.25 (310.95 — 650.74) 1450.61 (1080.68 — 476.40) 3830.69 (2000.35-6360.94)

Table 4. Accurate test with fractions from hexane (CsH14) and chloroform (CHCI;) of algal species
collected on the beach Riacho Doce-AL against A. salina

Algae/Extract LCyo (Mg/mL) LCso (Mg/mL) LCoo (Mg/mL)
P.gymnospora CgH;4  330.474(139.004-437.601)  788.277(687.856-998.205)  1880.271(1307.848-5926.118)

H.musciformis*CsHyy - e e
P.gymnospora CHCls 423.49(322.234-489.074)  706.990(648.747-776.152)  1180.111(1009.600-1593.490)

H.musciformis*/CHCI; - e e

*there was no possibility of LC calculation

Ara et al [13] investigated the toxic activity of ethanol extracts from 22 algal species from Karachi
coast against A. salina and found that five brown algae showed values below 10° (Spatoglossum
asperum, indicates Stokey (507 pg.mL™), Stoechospermum marginatum (612ug.mL™), Sargassum
swartzii (928ug.mL™) and Sargassum binderi (735ug.mL™) while only one green alga (Caulerpa
racemosa - 929ug.mL™") was toxic. In the same study, authors found that the hexane fraction of S.
marginatum(349 pg.mL™) and S. swartzii (61png.mL™) were also toxic. In our work, chloroform and
hexane fractions of P. gymnospora (788.277ug.mL™ and 706.990 ug.mL ™, respectively) showed low
activity, indicating the polar nature of the toxic compounds of this alga.

Lhuillier et al [14] screened 26 benthic macroalgae in the state of Santa Catarina bio monitored by the
lethality test using larvae of A. salina, including ethanol extracts from red (Rhodophyta), brown

(Phaeophyta) and green (Chlorophyta) algae species and found that 25 species had significant toxicity,
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especially Acantophoraspicifera (LC s), H. musciformis (97.5ug.mL™ and 85.0 pg.mL™) and
Pterocladia capillaceous (LC sp). In this study, ethanol extract of H. musciformis did not record
possible values to calculate the LCso while P. gymnospora was not lethal.

Checking the cytotoxicity of marine organisms from sponges, gorgonians, tunicate, echinoderms and
macroalgae, Carballo et al (2002) found that the brown algae Colpomenia tuberculata (91ug.mL™)
registered less activity compared to other organisms. Dichloromethane and methanol extracts of Ulva
fasciata and H. muscifomis collected on the peninsular coast of India were evaluated for toxicity

against A. salina for Selvin and Lipton [9] and U. fasciata was moderately toxic.

The lower toxicity on the larvae of A. salina can be considered a very interesting feature for use of
extracts or fractions of marine algae in natural environments for control of both the snail B. glabrata

and mosquito larvae.

3. Experimental Section

3.1. Collection of marine algae

Algae were manually collected from the Riacho Doce beach, (9 °© 34 '0 "S and 35 ° 39' 0" W) during
low tide period between October 2007 to July 2009. The collected samples were immediately
transported to the Phycology Laboratory of the Biological Sciences Institute (ICBS), Universidade
Federal de Alagoas (UFAL). Five species of algae from three divisions were used for this study:
Chlorophyta -Ulva lactuca Linnaeus-MAC51238; Phaeophyta - Padina gymnospora (Kutzing)
Sonder-MAC 51235; Sargassum vulgare C. Agardh- MAC 51236; and Rhodophyta —Hypnea
musciformis (Wulfen in Jacque) J.V. Lamouroux-MAC51234, Digenea simplex (Wulfen) C. Agardh-
MAC51231). The voucher of respected species were deposited in the MAC Herbarium, Environment

Institute of the city of Macei0, Alagoas (Br) as internal reference material.
3.2. Extraction and fractionation of algae

Algae were washed with distilled water, dried in air circulating ovens (BLUE, MOD-1401440SC,
USA) at 45°C for three hours and crushed using industrial blender METVISA model type TA-2. The
dried and crushed material from each collection and each alga was mixed in equal quantities. To
obtain crude extracts, 5009 dried algae samples were suspended in 1000 mL using dichloromethane,
methanol, ethanol and water as solvents, macerated for 72 hours and this process repeated three times.
Organic extracts were filtered and rotoevaporated (MOD Rotoevaporator Buchhi heathing Bath B-490,
Switzerland) at 25°C — 40°C, except that the agueous extract was lyophilized (Edwards Freeze dryer
Mod E2MB of Brazil). Extracts of respective algal species were stored on at 4 °C. The
dichloromethane extracts of H. musciformis and P. gymnospora were selected for fractionation by not
showing better yields: 11.86 g (2.58%) and 13.96 g (3.04%) respectively. For fractionation by liquid-
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liquid partition, crude extracts of H. musciformis (2.73 g) and P. gymnospora (1.90 g) were suspended
in methanol: water (3:1) and extracted with hexane and chloroform, obtaining chloroform and hexane
fractions. All solvents were purchased from VERTEC Fine Chemicals of Brazil.

3.3. Mosquito larvicidal activity

Tests with A. aegypti larvae were performed in bioassays laboratory IQB/UFAL, based on the protocol
of WHO [15]. Bioassays used fourth instar larvae of A. aegypti at in two repetitions; each
experimental plot consisted of 10 larvae which were placed in 250 ml cups containing 27 mL test
solution at 100ug/mL. Extracts that had equal to or less than 50% mortality rate followed for the
accurate tests in which 25 larvae were used in four replicates and their concentrations were defined by

preliminary results.

Larvae were considered dead when failed to reach the solution surface as the container was stirred.
The count of dead larvae was performed at 24 hours and 48 hours after the experiment beginning
outlined in quadruplicate. In parallel, control tests were performed with 1% dimethyl sulfoxide
aqueous solution (DMSO) and the synthetic larvicide Temephos® at 3ug.mL™. The activity level of
extracts tested was based on the average percentage mortality of larvae at 48 hours [> 75% (highly

active), > 50 and <75% (moderately active ), > 25% and <50% (low active ) and <25% (inactive)].

For larvae of A. aegipty, treatments with at least 50% mortality within 48 h were followed for bioassays
with the same sample at different concentrations in order to determine the concentration required to Kill
10% (LCyp), 50% (LCsp), 90 % (LCq) for present larvae. Test analysis was performed according to the
Probit method [16].

3.4. Toxicity test with Artemia salina (non-target organisms)

Toxicity against Artemia salina Leach nauplii was carried out according to the method described by
Souza et al [17] with some modifications. Artemia cysts (about 1g. L™) were added to filtered seawater
and maintained at temperature 27-30°C with aeration and under continuous light. Samples that showed
mortality > 30% at 1000 mg mL™ in preliminary tests were subjected to quantitative assay. After 24
hours, nauplii hatched and were collected with micropipette and concentrated in Petri dish with
seawater maintained under the same temperature and luminosity for more 24 hours. 15¢g of each crude
extract (dichloromethane, methanol, ethanol and water) were diluted in 5ml distilled water. Control
solution was prepared with seawater and0.1% dimethyl sulfoxide (DMSO). On plates containing 5 ml
wells were placed 10 Artemis and 50uL of eachextract subtraction and the control solution in six
repetitions. After 24 h, the number of killed was determined with the aid of a Zoom stereo microscope,
including larvae that remained immobile after stimulation for at least 10 sec. The toxicity degree of
subtractions from plant extracts was determined as recommended by Deciga-Camposet et al. (2007).

These authors consider non-toxic extracts that have > 1000ug.mL™, low toxicity if LC50 > 500 and



71

<1000pg.mL™, highly toxic when LC50 <500pug.mL™. LC50 values (concentration that causes 50%
mortality) and their confidence intervals (Cl 90% and 95%) were calculated using the PROBIT
analysis [16].

3.5. Molluscicidal activity

For molluscicidal activity, Biomphalaria glabrata (Say 1818) propagated in laboratories and
descendants of specimens not infected by trematodes from Barreiro, peripheral zone of Belo

Horizonte, Minas Gerais were used.

Snails were kept in glass tanks at room temperature, current and dechlorinated water system for 8
hours with a mixture of soil, sand and calcium carbonate. During the assay period they were fed with
fresh lettuce and fish feed . The test for evaluation of molluscicidal activity mostly involved the
immersion of B. glabrata in aqueous solution at 0.1% dimethylsulfoxide (DMSO) extract under
investigation until obtaining different concentrations (0.10 to 100 pug.mL™) [18].

The test solution for each algae extract was prepared at 100ug.mL™ for the preliminary test with the
snail. In the preliminary stage five snails were used per concentration. Two sets of controls were used
in order to verify the susceptibility of snails, one positive with niclosamide at 3 ug.mL™ and one
negative only with dechlorinated water. The exposure of these organisms was 24 hours and time of
observation was 72 hours with reading and exchanging of water every 24 hours and removal of dead
specimens. Death of snails was indicated by discoloration, absence of muscle contractions, bleeding
and deterioration of body tissues. As tests were conducted with adult snails, it was submitted to the
accurate test the algal extract that promoted around 30% mortality at 100 pg.mL™. In parallel, control
tests were performed with the DMSO aqueous solution (0.1%) and the molluscicide niclosamide® at
3ug.mL™. To calculate lethal concentration values (LC90, LC50, and LC10), the Probit Program
Version 1.5 (EPA, 2004) was used. The World Health Organization (WHO) recommends that crude
extracts of plants showing LC50 <40 ppm (0.04% and 0.4 mg/mL) have some potential to be applied

as molluscicidal and larvicidal compounds [10].

Results obtained for molluscicidal tests represent the average of three repetitions (n = 3) + mean’
standard deviation. Results were submitted to ANOVA followed by Tukey test (p < 0.05). All tests

were performed using the programs Microcal Origin, version 8.0 and Graph Pad Prism version 5.0.

4. Conclusions

According to the results obtained and the bioassay used in this study, crude extracts of algae showed
no significant acute toxicity, posing no toxicological risk in their using. Chloroform fractions of algae
H. musciformis, P. gymnospora might be excellent source of new compounds with molluscicidal

activity, as well the hexane and chloroform fractions of P. gymnospora as larvicide. The main
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advantage of using this crude extract would be the low cost of obtaining and non-pollution of the

environment by being obtained from a renewable source of nature.
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5. CONSIDERACOES FINAIS

Como recurso maritimo abundante na costa brasileira, as algas marinhas exibem
grande potencial de utilizacdo e historicamente, tém sido utilizadas por varios paises orientais
como fonte de alimentacdo. Em varios programas de screening, a investigacdo de algas
marinhas tem evidenciado numerosos extratos com variada bioatividade. A presenga de
compostos com bioatividade em algas marinhas € fato ja conhecido, no entanto, desde a
identificacdo de algas com potencial até sua utilizacdo existe um longo caminho de pesquisa e
testes a serem realizados. Neste sentido, o presente trabalho representou uma etapa inicial do
processo de pesquisa sobre a utilizagdo de algas marinhas do litoral alagoano visando sua
utilizacdo como produtos naturais larvicida, moluscicida, citotoxico e microbioldgico.

O teste microbiano pelo método de microplaca foi bem sucedido para comparar a
atividade dos extratos brutos e fragdes das diferentes espécies de algas. Os extratos
lipossoluveis das macroalgas foram mais ativos contra os microorganismos testados enquanto
0s extratos aquosos nao foram ativos ou estimularam o crescimento microbiano

O ensaio com celulas cancerigenas utilizando as linhagens HEp-2 e K562 foram bem
sucedidos e mostraram ser um modelo biolégico que permitird a realizacdo de screenings e
avaliar se os extratos considerados citotoxicos poderdo oferecer alternativas mais eficazes
para o tratamento de tumores .

Com relacdo aos bioensaios, 0s extratos ndo apresentaram toxicidade aguda
significante, ndo oferecendo risco toxicoldgico na utilizacdo dos mesmos.

E importante ressaltar a necessidade de estudos de bioprospeccio visando a busca de
substancias de origem vegetal, uma vez que os resultados aqui apresentados sdo a base de
etapas de pesquisa posteriores que devem ser realizadas, para entender melhor os efeitos
relatados com os extratos de algas. Os resultados obtidos permitem sua utilizacdo, uma vez

que, um dos grandes problemas enfrentados pela inddstria farmacéutica que frustram o
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desenvolvimento de novos farmacos € a toxicidade das moléculas obtidas de extratos vegetais,
0 que ndo foi observado no presente trabalho.

A utilizacdo de produto natural de algas marinhas pode ser um método alternativo para
0 controle de alvos de teste como A. aegypti, A. salina e B. glabrata, que pode ajudar a
minimizar o uso de inseticidas quimicos, diminuindo assim a contaminacdo do meio

ambiente.



