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RESUMO

Os extratos de formigas s&o conhecidos por possuirem uma ampla gama de
atividades biologicas. No entanto, pouco se sabe sobre os extratos nao-protéicos
desses animais. A espécie Odontomachus bauri € conhecida por possuir um veneno
com acao proteolitica, hemolitica, coagulante, antimicrobiana e antiparasitaria. No
presente estudo, as formigas O. bauri coletadas em Maranguape, Ceara, foram
levadas ao laboratério para a extracdo de metabdlitos secundarios por meio da
imersao das formigas em hexano durante 30 minutos e, depois, em etanol, durante o
periodo de um semana, enfatizando a remocado de hidrocarbonetos. Apds este
periodo, os insetos foram removidos por filtracdo e os extratos foram obtidos apéds a
remocao dos solventes por evaporacao rotativa. As amostras de extratos hexanicos
foram utilizadas para a analise de cromatografia gasosa acoplada a espectrometria
de massas e o extrato etandlico foi submetido a testes de citotoxicidade (Linhagens:
PC-3, HCT-116 e SF-295), anti-helminticos (Caenorhabditis elegans - cepas sensivel
e resistente a lvermectina) e antimicrobianos (Cepas: Pseudomonas aeruginosa
ATCC 10145, Escherichia coli ATCC 11775, Staphylococcus epidermidis ATCC
12228 e Klebsiella pneumoniae ATCC 13883). Os resultados das analises revelaram
que o extrato hexanico € composto por hidrocarbonetos saturados com cadeias
longas (C15-C36), sendo formado principalmente por N-Alkanes (43,7%) e Mono-
metilalcanos (37,5%). A composi¢cao das amostras revela um padrdo unico para as
formigas O. bauri coletadas, uma vez que diferem em tipo, quantidade e proporgao
em relagdo aos padrbes observados nas outras espécies do mesmo género. O
principal componente do extrato foi o 6-Metil-nonacosano (23,41%), o que sugere a
hipétese de este ser o ferombnio sexual dessa espécie. O extrato etandlico nao
apresentou atividade citotoxica viavel contra as cepas testadas. No entanto,
observou-se um efeito positivo contra as cepas bacterianas e as linhagens de
nematodos, sugerindo a existéncia de fungdes bioldgicas importantes relacionadas a

saude do ninho.

Palavras-Chave: Odontomachus bauri. Hymenoptera. Formicidae. Hidrocarbonetos

cuticulares.



ABSTRACT

Ant extracts are known to have a wide range of biological activities. However, little is
known about the non-protein extracts of these animals. The species Odontomachus
bauri is known to have a venom with proteolytic, hemolytic, coagulant, antimicrobial
and antiparasitic action. In the present study, the O. bauri ants collected in
Maranguape-Ce were taken to the laboratory for the extraction of secondary
metabolites by immersing the ants in hexane for 30 minutes and then in ethanol for a
period of one week, emphasizing the removal of hydrocarbons. After this time, the
insects were removed by filtration and the extracts were obtained after removal of the
solvents by rotary evaporation. Samples of hexane extracts were used for the
analysis of gas chromatography coupled to mass spectrometry and the ethanolic
extract was submitted to antitumor (Lineages: PC-3, HCT-116 and SF-295),
anthelmintic (Caenorhabditis elegans - Strains sensitive and resistant to lvermectin)
and antimicrobial tests (Strains: Pseudomonas aeruginosa ATCC 10145, Escherichia
coli ATCC 11775, Staphylococcus epidermidis ATCC 12228 and Klebsiella
pneumoniae ATCC 13883). The results of the analyzes revealed that the hexane
extract is composed of saturated hydrocarbons with long chains (C15-C36), mainly
formed by N-Alkanes (43.7%) and Mono-methylalcans (37.5%). The composition of
the samples reveals a unique pattern for the O. bauri ants collected, since they differ
in type, quantity and proportion in relation to the patterns observed in the other
species of the same genus. The main component of the extract was 6-methyl-
nonacosane (23.41%), which suggests the hypothesis of this being the sex
pheromone of this species. The ethanolic extract did not present viable antitumor
activity against the tested strains. However, a positive effect was observed against
bacterial and nematode strains, suggesting the existence of biological functions

related to nest health.

Keywords: Odontomachus bauri. Hymenoptera. Fomicidae. Cuticular hydrocarbons.
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1 INTRODUGAO

O aumento da pressao exercida pela populagdo humana no meio ambiente tem
resultado em um acelerado declinio da diversidade global em quase todos os
ecossistemas do planeta (UNITED NATIONS, 1992), o que torna urgente uma avaliagao
da biodiversidade, sendo particularmente critica nos ambientes onde a fauna e flora ainda
sao pouco conhecidas. Essa avaliagao se torna ainda mais importante devido a perda de
habitats ou por possuirem uma excepcional taxa de endemismo, sendo caracterizados
como "hotspots".

Torna-se de fundamental importancia identificar areas prioritarias para a
conservacgao da biodiversidade dos principais ecossistemas e/ou biomas, assim como,
elaborar programas de monitoramento da diversidade biolégica dos ecossistemas
ameacgados ou em fase de recuperagado (LEWINSOHN; PRADO, 2002).

Essas metas sdo dificultadas por varios problemas, sejam eles de cunho
logistico, técnico e/ou conceitual acerca de como medir a biodiversidade. A primeira
dificuldade esta relacionada com a dimensao dos ecossistemas, os quais sdo formados
por muitos taxons interagindo de forma complexa. Por escassez de tempo e de
financiamento, torna-se impossivel estudar a diversidade total dos ecossistemas. Além
disto, muitos taxons possuem classificacdo taxonémica mal definida e que necessita de
revisdo, sendo que, por diversas vezes, faltam dados sobre a distribuicdo geografica dos
mesmos (LEWINSOHN; PRADO, 2002).

As ferramentas tedricas e praticas para mensurar a biodiversidade representam
uma outra dificuldade, devido a problemas que sdo bastante discutidos entre os
profissionais da area. Um desses problemas € a representatividade da amostragem a ser
realizada em uma determinada area, pois a mesma é dependente da heterogeneidade
espacial e temporal da comunidade de espécies estudada (MAGURRAN, 1988). Que
tamanho deve possuir a area de amostragem? Quando se deve amostrar? Estas sao
perguntas importantes no momento de estabelecer o desenho experimental. Os métodos
de amostragem usados sdo um outro problema particularmente importante, ja que,
desses métodos, depende a representatividade da amostra obtida (MAGURRAN, 1988;
DELABIE et al., 2000a).

A Dbiodiversidade brasileira apresenta uma ampla possibilidade para
bioprospecgéo, sendo responsavel por grande parte dos medicamentos obtidos a partir de

produtos naturais, movimentando bilhdes de dodlares anualmente (CALIXTO, 2003;
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COSTA-LOTUFO et al., 2010). Contudo, o conhecimento acerca de nossa biodiversidade
esta muito aquém da sua real potencialidade.

Estima-se que no Brasil, que a cada dez espécies, nove sejam desconhecidas,
além de existir uma grande disparidade regional no que diz respeito ao esforgo realizado
para a avaliagdo da diversidade bioldgica no pais. As regides Norte, Sul e Sudeste,
reunidas, concentram 83% dos inventarios publicados, enquanto que as regides Nordeste
e Centro-Oeste concentram 10% e 7%, respectivamente. Ha, também, disparidades
quanto aos taxons abordados nos estudos — insetos, nematdides, bactérias, virus e
fungos reunem o maior nivel de incerteza atual.(LEWINSOHN; PRADO, 2002).

A maioria das pesquisas para a obtencdo de farmacos esta voltada para
analise de grupos vegetais, pois possuem uma ampla distribuicdo, além representarem
uma rica fonte de substéncias a serem exploradas terapeuticamente (FOGLIO et al.,
2006; MESQUITA, 2009). Em animais vertebrados, destacam-se os estudos realizados
com anfibios e répteis, citando, por exemplo, a utilizagdo dos extratos da neurohipoéfise de
anuros sobre controle da pressao sanguinea (BOYD, 2006) e o efeito antitumoral do
veneno de Bothrops pirajai (BURIN, 2011).

Nos invertebrados, as pesquisas se concentram nas propriedades terapéuticas
dos venenos de escorpides, vespas e abelhas. Os venenos das vespas contém uma
grande variedade de substancias bioativas, constituidas por peptideos anfipaticos e
neurotoxinas de acdo anti-inflamatéria e antibidtica (MOREAU, 2013), enquanto as
abelhas (Apis mellifera) apresentam um veneno com propriedades detergentes sobre a
membrana plasmatica (CHEN; LARIVIERE, 2010).

Em relac&o aos invertebrados terrestres, observa-se uma extrema caréncia de
trabalhos relativos a mirmecofauna, a fauna de formigas. No ultimo levantamento
publicado pelo Ministério do Meio Ambiente, em 2010, uma equipe de pesquisadores
apresentou a atual situagdo sobre o conhecimento da biodiversidade brasileira, onde se
destaca a estimativa de que apenas cinquenta por cento da fauna de formicideos seja
conhecida (BRANDAO et al., 2000), o que evidencia a necessidade de se intensificar os

estudos com esses organismos.
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2 REVISAO DE LITERATURA

2.1 REPRESENTATIVIDADE DOS FORMICIDEOS

2.1.1 Importancia ecolégica

Tradicionalmente, vertebrados e plantas vasculares s&o considerados bons
indicadores de diversidade biolégica (ALONSO, 2000). Entretanto, os invertebrados
terrestres representam um grupo ainda pouco abordado por estudos sobre sua
diversidade biologica, apesar de serem amplamente distribuidos e diversificados
(BRANDAO et al., 2000). Os insetos, em particular, sdo cada vez mais utilizados nos
estudos de biodiversidade, devido a sua alta diversidade local, importancia ecolégica e
maior especificidade de habitat que os vertebrados, além de responderem, mais
rapidamente as mudangas ambientais (AGOSTI et al., 2000).

As formigas, em especial, destacam-se como um grupo interessante por
reunirem numerosos atributos que as tornam adequadas, enquanto grupo bioindicador
(ALONSO, 2000). Desses diversos atributos, pode-se destacar a presencga das formigas
nos ecossistemas de quase todos os habitats terrestres do planeta, com uma grande
dominancia numérica e de biomassa, constituindo, por exemplo, cerca de 15% da
biomassa animal terrestre total de floresta tropical da Amazénia Central (AGOSTI et al.,
2000).

Os formicideos possuem alta diversidade local, a qual € comprovada em
diversos estudos, por exemplo: na comparagao de riqueza de espécies entre formigas e
mamiferos, as formigas comportam 20% da riqueza local no sul da Flérida, enquanto que
os mamiferos, englobam apenas em torno de 2% (ALLEN et al., 2001).

As formigas que vivem no solo e na serapilheira das florestas umidas tropicais
formam um importante segmento da mirmecofauna desse tipo de habitat e destacam-se
como grupo particularmente promissor para os estudos de biodiversidade (DELABIE et
al., 2000a,b; RYDER WILKIE, 2010; LEAL et al., 2010).

A mirmecofauna desempenha importantes fungbes nos ecossistemas,
interagindo com outros organismos e estruturando as comunidades de invertebrados e de
plantas, além de possuirem participacao na dispersao de sementes, favorecendo assim, o
desenvolvimento de espécies e a recolonizagdo de areas degradadas (PAIS; VARANDA,
2010; CHRISTIANINI; OLIVEIRA, 2010).
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Formigas coletoras de sementes possuem, indiretamente, potenciais e
importantes efeitos sobre as plantas através de suas fungbes como agentes predadores,
escavadores e devido suas atividades de construcao de ninhos (MEER et al., 1990).

Os formicideos estdo entre os maiores predadores de invertebrados
(HOLLDOBLER; WILSON, 1990) e participam de simbioses com diversas espécies, como
se comprova com a formiga Atta texana, que desempenha relagdo mutualistica por meio
do cultivo de fungos (Attamyces sp.), uma relagdo que se originou 8 entre 12 milhdes de
anos atras (MUELLER et al., 2011). Em alguns casos, as relagbes simbidticas se
estendem, envolvendo a participacado de trés organismos (formiga-planta-fungo), sendo
chamada de mutualistica coevolutiva (DEFOSSEZ et al., 2009).

As formigas ocupam todos os estratos (subsolo, solo e vegetagdo) dos
ecossistemas terrestres (DELABIE et al., 2000a), refletindo mais uma vez a grande e
diversa gama de relagbes desempenhadas com outras comunidades de organismos. Os
ninhos dos formicideos sao relativamente fixos, o que permite a realizacdo de varias
coletas ao longo dos anos, além de serem sensiveis as alteragbes ambientais, mesmo as
microclimaticas, o que os torna particularmente apropriados para programas de
monitoramento (HOLLDOBLER; WILSON, 1990; KASPARI; MAJER, 2000).

O estudo dos fatores ambientais locais e globais, sejam eles micro ou
macrofatores, responsaveis pelos padrdes de diversidade e estruturacdo das
comunidades bidticas é um assunto de grande importancia nos estudos de ecologia das
comunidades. As comunidades de formigas tém fornecido modelos para investigar essa
problematica (ANDERSEN, 2000).

Nas formigas, os macrofatores ambientais como, por exemplo, os gradientes
altitudinais, latitudinais e longitudinais tém profundas influéncias na riqueza e na
composi¢ao das comunidades, embora ainda ndo se entenda muito bem como interferem
na estrutura das mesmas (WARD, 2000).

A competicao interespecifica € outro importante fator de estruturagdo das
comunidades de formigas e qualquer mudanga nas condi¢des do ambientes pode afetar a
teia de competicdo entre espécies e, desta forma, a composicdo das comunidades
(HOLLDOBLER; WILSON, 1990). De um modo geral, as formigas sdo extremamente
sensiveis aos disturbios dos ecossistemas (KASPARI; MAJER, 2000; ANDERSEN et al.,
2004).

Devido ao seu pequeno tamanho e a estacionalidade dos ninhos, a diversidade

das comunidades de formigas pode ser rapidamente alterada por variaveis ambientais
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como: insolagdo, composicdo do solo, umidade e temperatura (HOLLDOBLER; WILSON,
1990). Mesmo pequenas variagdes climaticas podem eventualmente gerar desequilibrio
nas intrinsecas teias de relagées existentes na comunidade (KASPARI; MAJER, 2000).

A estrutura da vegetagdo, por reunir a influéncia de micro e macrofatores
ambientais, é considerada como determinante da estrutura das comunidades de formigas
e, de um modo geral, considera-se que quanto maior a complexidade vegetal de uma
area, mais diversa e rica sera a comunidade de animais que a mesma abriga
(ANDERSEN, 2000; KASPARI; MAJER, 2000).

Com relacédo as formigas, a estrutura da vegetacdo parece ser um fator
importante por determinar a quantidade e variedade de microhabitats para a instalagao
dos ninhos e a existéncia de recursos diversificados (KASPARI, 2000). Uma vegetagao
em avangado nivel sucessional, por exemplo, propicia a formagédo de troncos e galhos
que abrigam espécies de formigas tipicamente arboricolas ou de vegetacado (DELABIE et
al.,, 2000a), além de auxiliar na formagdo de estratos de serapilheira de diferentes
espessuras, 0 que contribui para a diferenciacido das faunas de formigas que vivem no
solo, uma hipogéica e outra epigéica, sendo caracterizadas, respectivamente, pela
nidificagcao e forrageamento no solo/serapilheira e acima dele (DELABIE et al., 2000a).

Essa grande quantidade de informacdes sobre as formigas as rivalizam com as
abelhas enquanto grupo de himendpteros mais bem conhecido, pois sdo organismos
sociais altamente especializados e com divisdes de trabalho que podem se apresentar de
forma extremamente complexa na estruturacdo dos seus ninhos, possuindo castas que as
definem, por exemplo, como coletoras de sementes, como fazendeiras, cagadoras ou
construtoras (HUBER, 2009) que, ao trabalharem em unidade, formam um grande

superorganismo.

2.1.2 Técnicas de coleta

Os formicideos de solo séo relativamente faceis de coletar, possuindo um
protocolo amplamente utilizado, chamado de ALL (Ants of the Leaf Litter). Esse protocolo,
na sua versao mais basica, permite amostrar pelo menos 70% da fauna de formigas da
serapilheira, o que representa uma importante ferramenta por permitir a obtengdo de
dados rigorosamente comparaveis em estudos sobre a biodiversidade (FISHER et al.,
2000; DELABIE et al., 2000b).
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Diversas técnicas de coleta foram desenvolvidas para a captura de formigas.
Os métodos de coleta sdo adequados aos tipos de estratos e modos de forrageamento e
alimentagao desses animais. Como exemplo, podemos citar a captura por “Pitfall traps”, a

extracao por Winkler, a utilizagao de iscas de alimento e o aspirador entomoldgico.

Figura 1 - Armadilha do tipo pitfall.

Fonte: Machester Public Schools

A técnica “Pitfall” consiste na insercdo de um recipiente no solo (Figura 1). A
abertura do recipiente deve estar posicionada ao nivel do solo para capturar a fauna em
movimento. Dentro do recipiente é colocada uma mistura composta por solugao salina,
alcool e glicerol que ira atuar como conservante até a recuperagdo da armadilha
(BESTELMEYER et al., 2000). Essa técnica permite a captura de espécimes por curtos ou
longos periodos de tempo.

A técnica de extracéo por Winker se inicia com a coleta de 1 m? de serapilheira
que, em seguida, sera peneirado com um “Sifter” (Figura 2B). O material peneirado &,
entdo, colocado em sacos de tela que ficardo suspensos dentro de um extrator de Winkler
(Figura 2A). As formigas iniciam uma movimentagao dentro do Winkler, separando-se do
material peneirado e, como consequéncia, caem dentro de um recipiente com alcool que
esta fixado no final do extrator (BESTELMEYER et al., 2000). As iscas com alimento
representam um estratégia rapida e interessante para se realizar a captura de formigas
em diferente estratos e horas do dia, além de poder selecionar espécimes de acordo com

suas preferéncias alimentares, sejam elas baseadas em carboidratos ou em proteinas.
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Figura 2 - Extrator de Winkler (A) e Sifter (B).

Fonte: B&S Entomological Services (A) e Kabourek Ltd. (B).

O aspirador entomoldgico (Figura 3) se apresenta como uma alternativa
especial para a coleta de espécimes com o minimo de impacto ambiental. O dispositivo
consiste, basicamente, de uma camara coletora conectada a tubos plasticos ou de
borracha. Os tubos sdo conectados as extremidades da cémara, de um lado, a
extremidade que sera disposta préximo ao ninho, do outro, uma mangueira que é levada

a boca para realizar a succéo.

Figura 3 - Utilizagao de aspirador entomoldégico.

Fonte: Elaborado pelo autor.
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2.2 HIDROCARBONETOS CUTICULARES DE FORMICIDEOS

Os hidrocarbonetos cuticulares (HCs) foram caracterizados em diversos
estudos sobre formigas. A composigdo apresentada por cada espécie demonstra a
existéncia de perfis quimicos cuticulares nos insetos que sao constituidos principalmente
de alcanos de cadeia linear ou ramificada e por alcenos de 19-35 carbonos (BLOMQUIST;
BAGNERES, 2010). Para insetos sociais, o perfil de HCs codifica informag¢des que
permitem identificar o sexo, o status de fertilidade e a identificagdo dos individuos no
ninho (SMITH et al., 2012).

Um trabalho realizado com a formiga Myrmecia gulosa demonstrou que as
operarias conseguem distinguir rainhas e operarias férteis ou inférteis com base na
mistura de hidrocarbonetos de cadeia longa presentes na cuticula ou na glandula pos-
faringea (DIETEMANN et al., 2003).

A caracterizacado dos produtos quimicos cuticulares de trés diferentes espécies
de Odontomachus (O. ruginodis, O. relictus e O. haematodus) mostrou que os sinais de
fertilidade ndo s&o conservados dentro dos géneros, pois os compostos quimicos que
distinguem rainhas e operarias variam em numero e tipo entre as espécies (SMITH et al.
2016). Observou-se, ainda, que os HCs sao utilizados para um policiamento dos ninhos,
com ou sem rainha, por parte das operarias de O. brunneus. Esse policiamento
demonstrou grande agressividade contra individuos reprodutivos supernumerarios do
ninho, o0s quais eram sinalizados pelo presenga hidrocarboneto (Z)-9-nonacoseno,
componente cuticular significativamente mais abundante no individuos reprodutivos
(SMITH et al., 2012).

Uma analise de 78 espécies de formigas identificou quase 1000 HCs, sendo a
maioria deles classificados como n-alcanos (97%), monometilalcanos (96%),
trimetilalcanos (84%) e alcenos (73%). Os monometilalcanos estao relacionados aos
sinais de comunicacao, podendo estar ligados a formacao de dimetilalcanos que podem
ser caracteristicos de uma espécie ou até mesmo de ninho, sendo importantes para o
reconhecimento entre os individuos de um mesmo grupo, o que explicaria o fato desses
componentes serem relativamente mais diversificados em comparagcdo aos n-alcanos e
monometilalcanos, apesar de estarem presentes em menores proporgoes (MARTIN;
DRIJFHOUT, 2009).

Um estudo de reconhecimento realizado com a formiga africana Pachycondyla

analis foi conduzido por meio do bioensaio de verificagdo da abertura da mandibula em
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resposta a extratos de HCs. As formigas utilizadas no estudo tiveram suas respostas
avaliadas quando foram colocadas em contato com HCs provenientes de mesmo ninho e
de ninhos distintos. As formigas demonstraram agressividade contra os HCs provenientes
de um ninho diferente ao qual pertenciam (YUSUF et al., 2010). O reconhecimento entre
os individuos do ninho pode, ainda, ser realizado de acordo com a propor¢ao de
componentes volateis em regides especificas do corpo do animal, o que pode ser
observado a partir do estudo dos componentes quimicos presente na regiao da cabeca e
do abdébmen de formigas O. bauri (JAFFE; MARCUSE, 1982).

Os HCs estao diretamente relacionados as caracteristicas fisico-quimicas da
cuticula desses insetos. Os n-alcanos e monometilalcanos possuem pontos de fusao
diferenciados € uma mistura destes componentes afeta diretamente as caracteristicas
fisicas da cuticula, formando uma camada cuticular a prova d’agua e continua que
suporta uma gama de temperaturas mais ampla. Esse fenbmeno nao ocorreria em uma
situacdo em que a cuticula fosse formada apenas por hidrocarbonetos puros (GIBBS;
POMONIS, 1995; GIBBS, 1995). Desta forma, os HCs possuem uma importante
plasticidade que Ihes fornece maior adaptabilidade as variagbes ambientais, caracteristica
importante que se reflete no processo evolutivo desse insetos, pois esta diretamente

relacionado a comunicagao sexual em meio ao ambiente social (INGLEBY, 2015).

2.3 ATIVIDADE BIOLOGICA DOS VENENOS DE FORMIGAS

Diversos efeitos farmacolégicos foram observados a partir do estudo dos
venenos de formigas. Dentre eles, observam-se estudos relativos a atividade antitumoral
(BADR et al., 2012), antiparasitaria e antibiotica (SILVA et al., 2015), o que reflete a
capacidade desses organismos em produzir substancias promissoras para o0
desenvolvimento de novos medicamentos.

A maioria das espécies de formicideos possui um ferrao, estrutura com aspecto
tubular que permite a inoculagdo de veneno em suas vitimas. As formigas da subfamilia
Ponerinae, por exemplo, sdo compostas por individuos de habito carnivoro que nao
perdem o ferrdo apds picarem uma presa. Essa caracteristica demonstra a importancia
dessa estrutura para a sua sobrevivéncia, bem como a importancia da glandula de
veneno para a captura de suas presas (MATHIAS, 2007).

O ferrao esta localizado no final do abdémen do inseto e é diretamente ligado a

um ducto excretor que se conecta ao reservatério de veneno que, por sua vez, liga-se a
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uma porgdo convoluta com aspecto filamentoso, as glandulas de veneno (ORTIZ,
MATHIAS, 2006; MITRA, 2013). Diferentes tipos de células podem ser observadas na
estrutura glandular das formigas, desde células epiteliais a células glandulares localizadas
na regido convoluta, na regido do reservatorio de veneno e na dos tubulos secretores
(SCHOETERS; BILLEN, 1995).

A glandula de Dufour (Figura 4), localizada na porg¢ao final do abdémen dos
himendpteros, possui origem ectodérmica, conectando-se diretamente ao ferrao em
formigas ou possuindo seu ducto terminal conectado a porgéo dorsal da parede vaginal
nas abelhas e vespas. Essa diferenciagdo na conexdo da glandula demonstra o
surgimento de uma caracteristica derivada por parte das formigas, pois a conexado do
ducto glandular com a porgéo vaginal € descrita como sendo uma caracteristica ancestral,

apesar de haver controvérsias sobre essa questdo (MITRA, 2013).

Figura 4 — Anatomia das glandulas de veneno de himenépteros.
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Fonte: Function of the Dufour’s gland in solitary and social Hymenoptera.

A gléandula de Dufour é basicamente um tubo constituido por uma unica
camada de células epiteliais, sendo parcialmente recoberto por tecido muscular, o que a
caracteriza com uma glandula epidermal classe 1. Acredita-se que essa glandula evoluiu
de ancestrais com glandulas colateriais possuindo, por isso, secregdes similares
compostas por glicosideos, proteinas e enzimas. Nas secre¢des da glandula de Dufour

podem ser encontrados hidrocarbonetos saturados e insaturados de cadeia longa, além
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de compostos volateis e ndo-volateis como terpendides, alcoois, éteres, acidos graxos de
cadeia longa, acucares, quinonas, componentes aromaticos, colesterol e aldeidos
(MITRA, 2013).

Em formicideos, a glandula de Dufour esta associada a formagéao das trilhas de
feromébnios, recrutamento e demarcacao de territorio, além de estar envolvida na defesa
das formigas, atuando como um sistema de alarme no ninho ou, at¢é mesmo, como
repelente de invasores. Esse recrutamento pode ser observado no estudo realizado com
a formiga japonesa Dyacama sp., onde foi demonstrado que isomeros-Z de 8-
heptadeceno (Figura 5) foram responsaveis por induzir os seguidores do ninho
(FUJIWARA-TSUJII et al., 2012).

Figura 5 - Estrutura 3-D do 8-heptadeceno.

Fonte: PubChem

As secregcoes da glandula também podem influenciar diretamente no
comportamento dos individuos da colbnia. Ha registros de formigas do género Polygerus
que manipulam o comportamento de espécies hospedeiras, utilizando-se para isso, de
uma marcagao como escrava que reduziu o comportamento agressivo das operarias
hospedeiras em relagao a invasora usurpadora (MORI et al., 2001). Existe, portanto, uma
funcao tipicamente de defesa nesses individuos, mas que também esta relacionado a

secrecao de feromonios de alarme e recrutamento.
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A familia Formicidae é conhecida por possuir dois complexos de venenos
distintos, um composto por acido formico, atuando como spray defensivo e um outro
injetavel, com agao neurotdxica e citolitica (TOUCHARD et al., 2016). A maioria dos
venenos das formigas é composta por peptideos/proteinas. Em algumas espécies, esses
venenos seguem o mesmo padrao geral observado em vespas e abelhas, podendo
causar lise celular, neurotoxicidade, efeitos antimicrobianos (PALMA, 2006; LOPES, 2014)
e inflamatdrios (KOU et al., 2005; KNIGHT, BANGS, 2007).

A bioatividade dos venenos pode ser observada em varias espécies, como a
M. pilosula, a formiga australiana detentora da Pilosulina-1, substancia caracterizada pela
presenca de peptideos com potente agdo antimicrobiana, mesmo contra cepas Gram-
positivas e Gram-negativas multirresistentes a drogas (PALMA, 2006). Um efeito
antibiético também foi observado a partir das secrecdes defensivas da espécie
Crematogaster pygmaea, que inibiu o crescimento de bactérias Gram-positivas
(Enterococcus faecalis e Staphylococcus aureus) e Gram-negativas (Escherichia coli e
Pseudomonas aeroginosa) (QUINET, 2012).

A subfamilia Paraponerinae € constituida por espécies de formigas com
venenos de acdo neurotdxica com potentes efeitos bloqueadores da transmisséao
sinaptica do sistema nervoso central, além de causarem despolarizagdes e fibrilacées de
musculos esqueléticos, mesmo em concentragdes micromolares (HENDRICH et al.,
2002). A espécie Paraponera clavata, detentora de um pequeno neuropeptideo conhecido
como ponerotoxina, € possuidora de uma veneno capaz de afetar o funcionamento dos
canais de sodio (HENDRICH et al., 2002; HADDAD JUNIOR et al., 2005).

O veneno da subfamilia Ponerinae, por outro lado, possui agcao anti-inflamatéria
(DKHIL et al., 2010) e antitumoral (ANGELO et al.,, 2010). Um estudo observou que o
extrato bruto da glandula de veneno da espécie O. affinis causou a morte de células
tumorais leucémicas (K562) de forma concentracdo dependente (ANGELO et al., 2010).
Entretanto, ndo existem informacdes nesse estudo sobre a composicdo do veneno e dos
mecanismos de acgao citotdxica que ele possui.

A espécie Pachycondyla sennaarensis, conhecida por seus predadores
especializados na captura de pequenos animais e pela coleta de sementes, possuem em
seu veneno uma complexa mistura de hidrocarbonetos lineares e metil-ramificados,
associados a alcanos e a pequenas quantidades de terpendides, o que se reflete em
diversos casos de anafilaxia registrados (NIKBAKHTZADEH, 2009).
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A espécie Dinoponera quadriceps apresenta um veneno agao neuroprotetora e
neurotdxica (LOPES et al., 2013), além de possuir efeito antinociceptivo (SOUSA et al.,
2012). Foi observado que a composigao desse veneno varia de acordo com a localidade
em que as formigas se encontram (COLOGNA et al., 2013).

A enzimologia dos venenos de formigas revelou, ainda, a existéncia de um
grande variedade de atividades biologicas: esterasica, lipasica, hialuronidasica, proteasica
e fosfodiesterasica (SCHMIDT et al., 1986). Apesar dos diversos atributos inerentes as
formigas, os estudos acerca da composigcdo desses venenos e dos seus efeitos
farmacologicos séo praticamente inexistentes (SANTANA, 2008), pois apenas algumas

poucas espécies foram estudadas.
2.4 Odontomachus bauri
2.4.1 Classificagao taxonémica

Reino: Animalia
Filo: Arthropoda
Classe: Insecta
Ordem: Hymenoptera
Familia: Formicidae
Género: Odontomachus

Espécie: O. bauri
2.4.2 Diversidade e morfologia

No que se refere a diversidade, o género Odontomachus esta constituido por
70 espécies (BOLTON, 2017), sendo 26 da América e 15 do Brasil (FERNANDEZ;
SENDOYA, 2004). A identificacdo dos espécimes pode ser realizada a partir da revisao
feita por Brown (1976).

No que diz respeito aos seus habitats, as formigas do género Odontomachus
vivem em lugares variados, incluindo zonas temperadas, zonas tropicais e areas de
florestas umidas (LATTKE, 2003). A espécie O. bauri, em particular, esta amplamente
distribuidas em ambientes neotropicais, sendo mais tolerantes as condi¢cbes secas ou a
habitats semiaridos (BROWN, 1976).
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Ambientes secos e de florestas umidas podem ser observados na regiao
nordeste do Brasil, no estado do Ceara, proporcionando, assim, boas condi¢gdes para a

disseminagao da espécie.

Figura 5 - Morfologia externa de Odontomachus bauri. Visao frontal da cabega (A),

visdo dorsal do corpo (B) e visao lateral do corpo (C).

2 mm

2 mm

Font: AntWeb
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Quanto a morfologia, as formigas do género Odontomachus possuem cabeca
longa com formato levemente retangular (Figura 5A). As mandibulas sdo retas e
alongadas, posicionando-se paralelamente quando fechadas. A regiao poéstero-dorsal da
cabeca possui formato em “V” que se aprofunda na regido dorsal cefalica. No corpo
(Figura 5B,C), o propodeo (primeiro segmento do abdémen) n&o possui dentes, ao
contrario do peciolo que contém um longo dente em seu topo (DELABIE et al., 2015).

As formigas O. bauri sdo conhecidos por terem uma picada dolorosa com
veneno responsavel por causar uma reagao alérgica grave que pode se transformar em
choque anafilatico ou urticaria grave (RODRIGUEZ-ACOSTA et al., 2010). O veneno de
O. bauri contém atividade proteolitica, hemolitica, coagulante, antiparasitaria e
antimicrobiana (SILVA et al., 2015), demonstrando grande potencialidade para o
desenvolvimento de novos medicamentos, o que enfatiza a necessidade de se aprofundar

o estudo sobre a biodiversidade da mirmecofauna brasileira.



25

3 JUSTIFICATIVA

o crescente aumento da resisténcia a antimicrobianos e antiparasitarios, bem
como o aumento numero de casos de céancer, sejam eles humanos ou veterinarios,
evidenciam a necessidade de se desenvolver novas pesquisas sobre a bioprospeccao de
produtos naturais. Desta forma, estudos com base em invertebrados evidenciam uma alta
potencialidade para o desenvolvimento de medicamentos contra doengas microbianas,
parasitarias e tumorais. As formigas, em especial, se apresentam como uma alternativa
promissora para o desenvolvimento desses medicamentos dada a versatilidade de

atividades bioldgicas associadas aos seus compostos.
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4 HIPOTESE CIENTIFICA

O veneno de O. bauri possui atividade citotdxica, antimicrobiana e antiparasitaria.

5 OBJETIVOS

5.1 GERAL

Avaliar a composi¢gdo quimica e as atividades biolégicas dos extratos organicos obtidos

da espécie O. bauri coletadas em Maranguape, Ceara.

5.2 ESPECIFICOS

a) Extrair e identificar os componentes orgéanicos dos extrato organicos da

espécie O. bauri;
b) Avaliar a citotoxicidade antiproliferativa do extrato organico da espécie O.

bauri contra linhagens cancerigenas humanas (PC-3, HCT-116 e SF-295);
c) Avaliar o efeito antimicrobiano do extrato orgénico da espécie O. bauri

contra as cepas bacterianas (Pseudomonas aeruginosa ATCC 10145,
Escherichia coli ATCC 11775, Staphylococcus epidermidis ATCC 12228 e

Klebsiella pneumoniae ATCC 13883);
d) Avaliar o efito antiparasitario do extrato organcico da espécie O. bauri

contra as linhagens de nematédeos Caenorhabditis elegans sensiveis (N2) e

resistentes (IVR15) a lvermectina;
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6 CAPITULO 1

Secondary Metabolites of Odontomachus bauri (Emery, 1892) obtained from the

rainforest of Maranguape, Ceara, Brazil.

Metabdlitos secundarios de Odontomachus bauri (Emery, 1892) obtidos da floresta umida

de Maranguape, Ceara, Brasil.

Periddico: Journal Chemical Ecology
(Submetido em junho de 2017)
Qualis B1
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Abstract

Ants of the genus Odontomachus are widely distributed in neotropical environments
and are known to have a painful bite that can cause allergic reactions and anaphylactic
shock. The composition of cuticular hydrocarbons is directly related to communication, the
division of labor and the fertility of these insects. Thus, in order to increase knowledge
about the chemical components of this species, a study on the identification of secondary
metabolites was performed. Three nests of the species O. bauri were collected in the
rainforest of Maranguape-Ce, Brazil. The nests were sent to the laboratory where the
extraction process of the metabolites was carried out by immersing the specimens in
hexane solvent. The obtained extract was submitted to the silica gel column before being
analyzed by gas chromatography coupled to mass spectrometry, providing the data
relative to the composition of the samples. The similarity between the samples was
evaluated by non-parametric tests. The comparison between the A1-A2 and A2-A3
samples revealed that they are statistically different, whereas the A1-A3 samples were
shown to be statistically the same. Although the A2 sample was distinct from the others, a
strong correlation was observed. A large amount of long chain hydrocarbons was found,
being formed mainly by n-Alkanes (43.7%) and Mono-methylalkanes (37.5%). The highest
abundant component was 6-Methyl-nonacosane, representing on average 23.41% of each
sample. The composition of the samples reveals a unique pattern for the O. bauri ants
collected, since they differ in type, quantity and proportion in relation to the patterns
observed in the other species of the same genus, and that methyl-branched main

representative could be the sex pheromone of this specie.

Keywords: Odontomachus bauri. Hymenoptera. Formicidae. Cuticular Hydrocarbons.
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Introduction

The Odontomachus ants live in varied places, including temperate zones,
tropics and moist forests areas. The ants of the species Odontomachus bauri are widely
distributed in neotropical environments. They are more tolerant of dry conditions or semi
arid habitats (BROWN, 1976). This dry conditions and moist forest environments may be
observed in northeast area of Brazil, in the state of Ceara, providing good conditions to
dissemination of the species. O. bauri ants are known to have a painful sting with venom
responsible for causing a severe allergic reaction that can develop into anaphylactic shock
or severe urticaria (RODRIGUEZ-ACOSTA et al.,, 2010), as well as containing a
proteolytic, hemolytic, coagulant, antiparasitic and antimicrobial activity (SILVA et al.,
2015).

Cuticular hydrocarbons (CHs) have been characterized in several studies on
ants. The composition presented by each species demonstrates the existence of cuticular
chemical profiles in the insects that are composed mainly of straight or branched chain
alkanes and alkenes of 19-35 carbons (BLOMQUIST; BAGNERES, 2010). For social
insects, the HCs profile encodes information that allows identifying the sex, fertility status
and identification of individuals in the nest (SMITH et al., 2012, GINZEL; BLOMQUIST,
2016). An experiment with Myrmecia gulosa showed that the workers can distinguish fertile
or infertile queens and workers based on the mixture of long-chain hydrocarbons present
in the cuticle or post-pharyngeal gland (DIETEMANN et al., 2003).

The characterization of cuticular chemicals from three different species of
Odontomachus (O. ruginodis, O. relictus and O. haematodus) showed that fertility signs
are not conserved within genera, since the chemical compounds that distinguish queens
and workers vary in number and type among species (SMITH et al., 2016). It was also
observed that the CHs are used by the workers of O. brunneus for a policing of the nests,
with or without queen. This policide demonstrated great aggression against
supernumerary reproductive individuals of the nest, which were signaled by the
hydrocarbon presence (Z)-9-nonacosene, a cuticle component significantly more abundant
in the reproductive individuals (SMITH et al., 2012).

An analysis of 78 species of ants identified almost 1000 CHs, most of them
classified as n-alkanes (97%), monomethylalkanes (96%), trimethylalkanes (84%) and
alkenes (73%). Monomethylalkanes are related to the signals of communication, and may

be linked to the formation of dimethylalkanes, specific chemicals, which may be
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characteristic of a species or even of a nest, being important for the recognition among
individuals of the same group, which would explain the These components are relatively
more diversified compared to n-alkanes and monomethylalkanes, although they are
present in smaller proportions (MARTIN; DRIJFHOUT, 2009).

A reconnaissance study of the African ant Pachycondyla analis was conducted
through bioassay check the opening of the jaw in response to CHs extracts. The ants used
in the test had their responses evaluated when they were placed in contact with CHs from
the same nest and from different nests. The ants demonstrated aggression against CHs
from a different nest to which they belonged (YUSUF et al., 2010). The recognition among
individuals of the nest can also be performed according to the proportion of volatile
components in specific regions of the animal's body, which can be observed from the study
of the chemical components present in the head and abdomen region of ants O. bauri
(JAFFE; MARCUSE, 1982).

The CHs are directly related to the physico-chemical characteristics of the
cuticle of these insects. The n-alkanes and monomethylalkanes have differentiated melting
points and a mixture of these components directly affects the physical characteristics of
the cuticle, forming a continuous and waterproof cuticular layer that supports a wider
temperature range. This phenomenon would not occur in a situation in which the cuticle
was formed only by pure hydrocarbons (GIBBS; POMONIS, 1995; GIBBS, 1995). In this
way, CHs have an important plasticity that gives them greater adaptability to environmental
variations, an important characteristic that is reflected in the evolutionary process of these
insects, since it is directly related to sexual communication in the social environment
(INGLEBY, 2015).

In a previous work, it was demonstrated that the Dufour gland of a Japanese
species queenless (Diacamma sp.) has a mixture of hydrocarbons that presents the
isomers (Z) of 8-heptadecene as being the compounds responsible for evoking the
followers during the movement of the nest (FUJIWARA-TSUJII et al., 2012). This
compound was also observed mostly in a relatively simple mixture of hydrocarbons
collected from the Dufour glands of O. bauri in the Brazilian Northeast (MORGAN et al.,
2003). This information shows us how the compositions of these metabolites in these ants
are chemically distinct and of great importance for the communication between social
insects. Based on this information, this work aims to characterize the secondary
metabolites of O. bauri, observing the similarities or disparities with other species in the

hydrocarbon pattern that it presents.
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Methods

Catching specimens

Three O. bauri nests in different areas of the Maranguape,Ce, Brazil, rain forest
(03°54'11.690'S, 038°42'55.298"W) were collected by aspiration (collection authorization:
58972-1). Each nest formed a set of specimens (workers and queens) for analysis, thus
totaling three samples. Ant nests were collected during the rainy season of 2016. In March,
on days 13 and 20 and in April, on day and 17. Total rainfall in each month was 225 mm,
with temperatures ranging between 23 and 25° C. The nests were collected at an altitude

of 980 to 1000m and placed in individual boxes to be transported to the laboratory.

Extraction of metabolites

In laboratory of Chemistry and Natural Products of the State University of Ceara,
secondary metabolites were acquired by immersing the ants in hexane (FOX et al., 2013).
The ants remained in the solvent for 30 minutes under sonication. Thereafter, the ants
were removed by filtration and the solvent was removed by rotary evaporation, thereby
providing the extract for analysis. After drying, the ants and the extract were weighed to
yield the yield of the samples. The samples were passed through a silica gel column

before being sent for GC/MS analysis.

Analysis of extracts

The hexane samples from the nests were routed for analysis by gas
chromatography coupled to mass spectrometry (GC/MS) in the Department of Organic
Chemistry of the Federal University of Ceara. The analysis was run on a Shimadzu QP-
5050 instrument with a DB-1 fused silica capillary column with dimethylpolysiloxane (30m
x 0.25mm id x 0.25um film); Drag Gas: Helium; Injection initial temperature: 25°C;
Interface temperature: 230°C; Control Mode: Split; Column inlet pressure: 100kPa;
Column flow: 1.7 mL/min; Liner Velocity: 47.4 cm/sec; Slipt Ratio: 27; Total Flow: 50.0
mL/min; Equilibrium Time: 1.00 min; Temperature was 35 to 180°C at 4°C /min, then 180
to 280°C at 17°C /min and 280°C for 10 min; The mass spectrum was obtained by electron

impact at 70 eV. The compounds were identified by the retention times and by comparison
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of the mass spectra obtained with those present in the computerized database (National
Institute of Technology Standard - Version: NIST08.LIB).

Statistical analysis

Abundance data were obtained from the GC-MS of the hexanic samples. These
data were organized in an array, thus enabling a comparative statistical analysis. All
analyzes were performed using the WPS-Spreadsheets software (Version: 10.1.0.5672 -
2016 °Beijing Kingsoft Office Software Co., Ltd. & Zuhuhai Kingsoft Office Software Co.,
Ltd.). The data of composition of the samples were evaluated in order to observe the
existence of normality in their distribution. For this, each sample was submitted to the
Kolmogorov-Smirnov test. In sequence, were submitted to non-parametric analyzes, the

Wilcoxon signed rank test and the Spearman correlation test.

Results

Gas chromatography / Mass spectrometry analysis

In all statistical analyzes the values obtained (0.706, 0.811, 0.655) for samples were
higher than the critical values (0.333, 0.326, 0.395) at a significance level of 1%, thus
rejecting the null hypothesis (HO). Thus, there is enough statistical evidence to state that
the data related to the abundance records of the hexane samples do not have normal
distribution and, therefore, were submitted to non-parametric tests, Wilcoxon signed rank
teste and Spearman correlation test.

Wilcoxon analysis between samples A1-A2 and A2-A3 provided lower statistical
results (90 and 67, respectively) at the critical values tabled (94 and 102, respectively),
thus rejecting HO. This results provides sufficient statistical evidence to state that the
samples are distinct. However, the comparative analysis of samples A1-A3 obtained
statistic result (178) higher than the critical value (63) and, therefore, does not reject HO,
thus providing enough statistical evidence to assert that samples A1 and A3 are the same.
All analyzes were performed at a significance level of 1%.

The correlation analysis between the samples was positive. All values (A1-A2:
0.917; A2-A3: 0.885 and A1-A3: 0.873) were higher than the critical value table (0.479) at

the significance level of 1% and, therefore, were classified as very strong correlation.
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The extraction method presented a low yield (A1 = 0.614%; A2 = 0.674%; A3 =
0.910%). Gas chromatogram of three samples showed similar pattern (Figure 1). The
identification of components was confirmed by comparing the mass spectra and the
Kovats Index obtained by the liner regression analysis of the retention times. A large

amount of long chain hydrocarbons (C15-C36) was observed in the samples (Table 1).

Figure 1 - Chromatograms of CG/MS analysis of ants hexane extracts samples of
Odontomachus bauri. (Samples were numbered from A1 to A3).
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Table 1 - List of components found in the hexanic samples of Odontomachus bauri. (FM —
Formula; MM — Molecular Mass; RT — Retention Time; Kl — Kovats Index; SD - Standard

Deviation; X — Presence)

COMPOUNDS FM MM RT Ki PROPORTION SAMPLES
(MEAN*SD)% 1 2 3
1. Pentadecane CisHaz 212 13.55 1500 0.28 + 0.48 X
2.  1-Hexadecyne CieHao 236 17.56 1664 1.57+0.73 X X X
3.  (Z2) 8-Heptadecene Ci7Has 238 17.69 1676 218 £0.75 X X X
4. Heneicosane C21Has 296 36.34 2100 6.13+£0.48 X X X
5. Docosane CoHas 310 36.82 2200 6.25 £ 5.36 X X X
6. 2-Methyl-tetracosane CasHs. 338 37.08 2465 1.31+£0.23 X X X
7. Pentacosane CasHs2 352 37.27 2500 1.71£0.14 X X X
8. Hexacosane CasHss 366 37.42 2600 8.48 £0.23 X X X
9. Heptacosane CarHss 394 37.87 2700 1.18+£0.12 X X X
10. 11-Methyl-heptacosane CxHss 394  37.93 2733 0.25+0.43 X
11.  7-Methyl-heptacosane CasHss 394 38.24 2746 3.26 £ 0.32 X X X
12. Octacosane CasHss 394 38.43 2800 0.32 £0.55 X
13. Nonacosane CxoHss 408 39.20 2900 1.29+£0.10 X X X
14. 6-Methyl-nonacosane CsoHe: 422 39.62 2950 23.41+0.43 X X X
15. 2-Methyl-nonacosane CsoHe2 422 39.76 2958 274 £0.79 X X X
16. 3-Methyl-nonacosane CsoHe2 422 39.80 2972 0.31+£0.53 X
17. Triacontane CsoHez 422 40.00 3000 7.55+£0.48 X X X
18. 9-Methyl-triacontane Cs1Hes 436 40.20 3034 0.67 £0.58 X X
19. 10-Methyl-triacontane CsiHes 436 40.30 3035 0.22+£0.38 X
20. 11,20-Dimethyl-triacontane Cs2Hes 450 40.63 3068 0.22+£0.38 X X
21. Hentriacontane CsiHes 436 40.71 3100 3.47 £0.21 X X X
22. Dotriacontane Caz2Hes 450 41.02 3200 2.48 £0.09 X X X
23. 6-Methyl-dotriacontane CssHes 464 4143 3245 0.21 £0.37 X
24. 8,20-dimethyl-dotriacontane  CasHzo 478 41.79 3265 0.70 £ 0.66 X X
25. Tritriacontane CasHes 464 42.63 3300 7.37 £0.60 X X X
26. 3-Methyl-tritriacontane CasHro 478 42.76 3376 0.28 £0.48 X
27. Tetratriacontane CasHro 478 43.09 3400 240+0.34 X X X
28. 8-Methyl-tetratriacontane CssHr 492 4412 3440 0.64 + 0.56 X
29. 7-Methyl-pentatriacontane CasH7a 506 46.26 3540 0.82+£0.71 X X
30. Hexatriacontane CasHrs 506 46.60 3600 0.71 £0.63 X X

Source: Prepared by the author.
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The compounds 1-Hexadecyne, (Z)-8-Heptadecene, Heneicosene, Docosane, 2-
Methyl-tetracosane, Pentacosane, Hexacosane, Heptacosane, 7-Methyl-heptacosane,
Nonacosane, 2-Methyl-nonacosane, 6-Methyl-nonacosane, Triacontane, Hentriacontane,
Dotriacontane, Tritriacontane and Tetratriacontane were similar to the three samples
(56%), whereas the compounds 9-Methyl-triacontane, 11,20-Dimethyl-triacontane, 8,20-
Dimethyl-dotriacontane, 7-Methyl-pentatriacontane and Hexatriacontane were observed in
two of the three samples (16%). 7 components were observed in a single sample (26%).
On the average, the 6-Methyl-nonacosane component presented the highest proportion in
the samples (23.41% + 0.43), followed by Triacontane (7.55 * 0.48), Tritriacontane (7.37%
+ 0.60), Docosane (6.25% * 5.36) and Heneicosane (6.13% % 0.48).

Discussion

The comparative analysis of the obtained compounds revealed the existence of a
great quantity of HCs. These hydrocarbons are known in the literature as being related to
the recognition among individuals and chemical fertility signaling of the nest members, a
pattern that differs between workers, males and queens (LIEBIG, 2010). Of the registered
components, 14 are n-Alkanes, which represents 43.7% of the sample, followed by 12
(37.5%) Monomethylalkanes.

These results corroborate the patterns of hydrocarbon predominance observed in
ants. The components Pentacosane, Hexacosane, Heptacosane, 7-Methyl-Heptacosane,
Octacosane, Nonacosane, Triacontane and Hentriacontane found in O. bauri, were also
recorded in reproductive and non-reproductive individuals of O. brunneus (SMITH et al.,
2012). The species O. brunneus presented the component (Z)-9-Nonacosene as majority
(36.75%), in addition to being identified as a fertility sign in the species (SMITH et al.,
2012). However, the proportion of the compounds between the two species is not the
same, indicating a clear distinction of the CHs profile.

The O. bauri species presented 6-Methyl-nonacosane as the major component
(23.41%), which could be an indicator of fertility in the species to be evaluated. NELSON
(1993) reported about methyl-branched lipids in insects and 2-methyl-heptadecane was
shown to be a sex volatile pheromone of several species of tiger moths and 13-methyl-
triacontane for Heliothis virensis larvae. Then, we hypothesized that among methyl-
branched hydrocarbons 6-methyl-nonacosane is the most relevant representative in the

samples and could be the pheromone of O. bauri.
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The comparative study of the CH patterns of three Odontomachus species was
carried out, demonstrating similarities with the compounds found in this study. The
Heneicosane, Docosane, Pentacosane, Hexacosane and Nonacosane components found
in O. bauri were also observed in the species O. ruginodis, O. hametodus and O. relictus.
However, the species O. ruginodis presented 2,5-Dialkyltetrahydrofuran as the major
component. The major component of the species O. relictus was (Z)-9-Nonacosane, while
5,19-Dimethylheptacosane was the major compound in the O. haematodus species
(SMITH et al., 2016).

The Pentadecane and Heneicosane components observed in this study were found
in the secretions of the Dufour gland of several species of ants of the subfamily Ponerinae
(Platythyrea cribinodis, Diacamma ceylonense and D. indicum, Odontoponera transverse,
Pachycondyla satriata and P. indica), including O. bauri ants collected in Maceio-AL, Brazil
(MORGAN et al., 2003). Despite the similarities with individuals of the same genus or of
different genera, the components recorded in this study constituted a unique
standardization for the species O. bauri, either by the types and quantities of component,
or by the relative abundance that they present in the species, confirming the observation

by SMITH et al. (2016) that the cuticular components are not conserved within the genus.

Conclusion

The composition of the samples reveals a unique pattern for the O. bauri ants
collected, since they differ in type, quantity and proportion in relation to the patterns
observed in the other species of the same genus and since 6-methyl-nonacosane was the
most relevant compound in the samples, we suggest the hypothesis of being the

pheromone of this specie.
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Abstract

Extracts from ants are known to possess a wide range of biological activities, among them,
antimicrobial, anti-tumoral, anti-inflammatory and antiparasitic. = The species
Odontomachus bauri, widely distributed in neotropical environments, is known to present a
painful sting and to possess a venom with proteolytic, hemolytic, coagulant, antimicrobial
and antiparasitic action. In the present study, the O. bauri ants collected in Maranguape-
Ce were taken to the laboratory where the extraction of secondary metabolites was carried
out by means of immersion of the ants in ethanol during the period of one week, prioritizing
the removal of hydrocarbons present in the cuticle and in the venom of the ants. After this
period, the insects were separated and the extract was obtained after removal of the
solvent by rotary evaporation. The extract was then submitted to antitumor (PC-3, HCT-
116 and SF-295), anti-helminthic (Caenorhabditis elegans - sensitive and Ivermectin
resistant strains) and antimicrobial (Pseudomonas aeruginosa ATCC 10145, Escherichia
coli ATCC 11775, Staphylococcus epidermidis ATCC 12228 and Klebsiella pneumoniae
ATCC 13883) tests. The results revealed that the ethanol extract does not have viable
antitumor activity against the tested strains. However, the extract had positive effects
against bacterial strains and nematode strains. The results demonstrate important
biological activities from a non-protein ant extract, which suggests the existence of
biological functions related to nest health, thus avoiding contamination by external

pathogens.

Keywords: Odontomachus bauri. Hymenoptera. Formicidae. Antimicrobial. Antiparasitic.

Highlights

- Antitumor ineffectiveness against lineages PC-3, HCT-116 and SF-295.

- Antimicrobial effectiveness against Pseudomonas aeruginosa, Escherichia coli,
Staphylococcus epidermidis and Klebsiella pneumoniae.

- Effectiveness against antineoplastic strains of Caenorhabditis elegans sensitive and

resistant to lvermectin.



43

Introduction

Several pharmacological effects were observed from the ant studies. These effects
are generally related to the extracts obtained from the venom glands of these animals.
Among them, for example, anti-inflammatory, antibiotic and hemolytic activities were
observed (HOFFMAN, 2010), which demonstrates the ability of these organisms to
develop new treatments.

The enzymology of ants's venom revealed the existence of a wide variety of
biological functions, as esterase, lipase, hyaluronidase, protease and phosphodiesterase
(SCHMIDT et al., 1986). Despite the many attributes inherent to ants, studies on the
composition of these poisons and their pharmacological effects are practically non-
existent, since only a few species have been extensively studied.

The Formicidae family is known to have two distinct venom complexes, one
composed of formic acid, acting as a defensive spray and another injectable, with
neurotoxic and cytolytic action (TOUCHARD et al., 2016). Most ant poisons are composed
of peptides or proteins. In some species, these venoms follow the same general pattern
observed in wasps and bees, and may cause cell lysis, neurotoxicity, antimicrobial
(PALMA, 2006) and inflammatory effects (KOU et al., 2005; KNIGHT; BANGS, 2007).

The bioactivity of the venom can be observed in several species, such as
Mirmecia pilosula, the Australian ant that has Pilosulin-1, a substance characterized by the
presence of peptides with potent antimicrobial action, even against Gram-positive and
Gram-negative multiresistant strains (PALMA, 2006). An antibiotic effect was also
observed from the defensive secretions of the species Crematogaster pygmaea which
inhibited the growth of Gram-positive (Enterococcus faecalis and Staphylococcus aureus)
and Gram-negative (Escherichia coli and Pseudomonas aeroginosa) bacteria (QUINET,
2012).

The subfamily Paraponerinae consists of ant species with neurotoxic venoms with
potent central nervous system synaptic transmission blocking effects, as well as causing
depolarizations and fibrillation of skeletal muscles, even at submicromolar concentrations
(HENDRICH et al., 2002). The species Paraponera clavata, which possesses a small
neuropeptide known as poneratoxin, possesses a poison capable of affecting the
functioning of sodium channels (HENDRICH et al., 2002; HADDAD JUNIOR et al., 2005).

The subfamily Ponerinae, on the other hand, has anti-inflammatory action,

immunological stimulus and inhibition of tumor growth (DKHIL et al., 2010; BADR et al.,
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2012). The species Dinoponera quadriceps presents a neuroprotective and neurotoxic
action poison (LOPES et al., 2013), besides having antinociceptive effect (SOUSA et al.,
2012). It was observed that the composition of these poisons varies according to the
location in which the ants meet (COLOGNA et al., 2013).

The species Pachycondyla sennaarensis, characterized by predators specialized
in the capture of small animals and the collection of seeds, have in their venom a complex
mixture of linear and methyl-branched hydrocarbons, associated with alkanes and small
amounts of terpenoids, causing several cases of anaphylaxis (NIKBAKHTZADEH, 2009).

As regards the Odontomachus bauri species, the focus of this study, important
biological activities were observed, demonstrating that the venom of this species has
proteolytic, hemolytic, coagulant, antimicrobial and antiparasitic properties (SILVA et al.,
2015). This species is also known to have a painful bite, with a poison responsible for
causing a severe allergic reaction that may develop in anaphylactic shock or urticaria
(RODRIGUEZ-ACOSTA et al., 2010).

O. bauri ants are widely distributed in neotropical environments. They are more
tolerant of dry conditions or semiarid habitats (BROWN, 1976). This dry conditions and
moist forest environments may be observed in northeast area of Brazil, in the state of
Cear4, providing good conditions to dissemination of the species, which will favor the
collection process. Thus, this study aims to broaden the scientific knowledge about the
biological properties related to the secondary metabolites extracted from the O. bauri

species, evaluating their anthelmintic, antibiotic and antitumor efficacy.
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Material and methods

Catching specimens and extraction of metabolites

O. bauri ants were collected by aspiration in the Maranguape-Ce rainforest
(03°54'11.690'S, 038°42'55.298"W), at an altitude of approximately 1000m (collection
authorization: 58972-1). All the ants obtained formed a sample for analysis. The ants were
collected during the rainy season with total precipitation of the month was 225 mm and
temperatures varying between 23 and 25°C. Then the ants were transported to the
laboratory where the extraction process of the metabolites was started. In the laboratory,
secondary metabolites were acquired by immersing the ants in ethanol, an adaptation of
the methodology used by FOX et al. (2013). After one week, the ants were removed by
filtration and the solvent was removed by rotary evaporation, thereby providing the extract

for analysis. The extract and the ants were dried and then weighed.

Cytotoxicity analysis

The human cancer cell lines used, HCT-116 (colon carcinoma), PC-3 (prostate
adenocarcinoma) and SF-295 (glioblastoma). The lines were cultured in RPMI-1640
medium supplemented with 10% fetal bovine serum and 1% antibiotics, and kept in an
oven at 37°C and 5% CO,. The ethalonic extract was dissolved in DMSO at a stock
concentration of 10 mg/mL. Stocks were kept under refrigeration (-20°C) until use. The
sample was tested in two independent experiments in quadruplicate at a single
concentration (50 pg/mL).

An intensity scale was used to evaluate the cytotoxic potential of the tested
samples, based on the percentage of cell viability reduction (CVR%) determined: Sample
without activity (CVR < 1%); Sample with little activity (1% < CVR < 50%); Sample with
moderate activity (50% < CVR < 75%) and Sample with lots of activity (CVR > 75%). The
cytotoxicity of the samples was assessed by the MTT method (MOSMAN, 1983).
Neoplastic cells were plated in 96-well plates (1 x 10° cells/mL) and samples were added
after 24h. The plates were then incubated for 72h in a 5% CO, and 37°C oven. The
negative control received the same amount of DMSO and the absorbances were obtained

with the aid of a plate spectrophotometer at 595 nm.
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Anthelmintic analysis

In this study, two lineages of Caenorhabditis elegans was used, one sensitive and
another resistant to Ivermectin. Monoxenic cultures of Bristol N2 wild sensitive strains
were maintained in NGM-Agar medium (Nematode Growth Media) seeded with E. coli
bacteria (NA22) in incubator for BOD (Biochemical Oxygen Demand) at 22°C as described
by (WOOD, 1988). Selection of the resistant strain (line IVR15) was performed using the
N2 line in successive in vitro passages in the presence of increasing under dosages of
ivermectin, as described in the literature (JAMES; DAVEY, 2009). This lineage was
selected, being resistant to 15ug/mL Ivermectin.

The process of separation of the nematodes for the test followed the standard
used by KATIKI et al. (2011), which consists of several steps: 1 - Washing; 2 - The wash
water goes to the first sieve (38um); 3 - What was retained (adults and young adults alive
and dead) in the first sieve is transferred to the second sieve (53um) to separate living
nematodes from the dead; 4 - The filtrate (adults and young adults alive) is again shifted in
the first sieve to remove the nematodes in stages that will not be used (L1, L2 and L3); 5 -
The retentive is transferred to the second sieve to complete the separation; 6 - The filtrate
is collected in a tube and set aside until the nematodes precipitate.

The distilled water is withdrawn until the volume is reduced to 4 to 3ml. Finally, it is
analyzed in the optical microscope for the confirmation of the insulation. The incubation
test of nematodes was performed in a 96-well plate, with the concentrations tested in
triplicate and with positive (lvermectin) and negative controls (nematodes in M9). The
isolated nematodes was be centrifuged, the water supernatant removed and then
resuspended in M9 in a volume sufficient for all wells. 1- Place 100ul of M9 in all wells,
except for the first three; 2- In the first three wells put 200pul of the compound with twice the

concentration tested, because this concentration will decrease by half.

Antimicrobial analysis

Strains of Pseudomonas aeruginosa ATCC 10145, Escherichia coli ATCC 11775,
Staphylococcus epidermidis ATCC 12228 and Klebsiella pneumoniae ATCC 13883 were
used in the tests. The preliminary antibacterial tests were conducted on concentrations of
25 and 250 mg/mL (BAUER et al., 1966). Disks containing Streptomycin (1mg/mL) and
Chloramphenicol (4mg/mL) were used as positive control (PAREDES et al., 2016).
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To determine the MIC (Minimum Inhibitory Concentration), was used a dilution
technique in microplates of 96 wells, where the wells were filled with 100uL of Mdaller-
Hinton broth plus 100uL of the extracts solutions (CLINICAL AND LABORATORY
STANDARDS INSTITUTE, 2006). Then they performed a serial dilution of 2,500 at
4.88ug/mL.

Bacterial strains were previously inoculated in agar Brain Heart Infusion (BHI) at
35°C for 18 h standardized at a scale of 0.5, McFarland, in saline solution 0.85%, followed
by 1: 20 dilution, obtaining values of 10° to 10° cells/mL (SILVA et al, 2009), and added in
each orifice of the microplates (10 v:v). Chloramphenicol (4 mg/mL) was used as positive
control.

The microplates were incubated in an incubator (Q316M4, Quimis®), at 37 + 2°C
for 24 hours. A spectrophotometer was used (Varian Cary® 50, Agilent®) after incubation,
for reading of absorbance with a wavelength of 595 nm. After the MIC test, 10uL of all
wells without bacterial growth were collected and the material was transferred to a Petri
dish containing antibiotic-free Muller-Hinton agar to verify cell viability (PAREDES et al.,
2016).

Statistical analysis

The program GraphPad Prism version 6.0 analyzed the percentage data of the
averages obtained in the antitumor and anthelmintic tests. Tukey's test was conducted to
compare means obtained in the anthelmintic test. The software SPSS Statistics 22

obtained the calculation of the concentration.
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Results

Cytotoxic analysis

Analysis of the ethanolic extract revealed the existence of little or no antitumor
activity against the tested strains (Figure 1). The values are presented in CVR% with
standard error of the mean (SEM). The extract showed no antitumor activity against
lineage PC 3 (CVR < 1% £ 7.9). However, weak inhibition of the growth of the HCT 116
(CVR =17% % 3.6) and SF 295 (CVR = 22% + 4.5) was observed.

Figure 1 - Inhibition of tumor growth caused by ethanolic extract of Odontomachus bauri.
100

50 ¢+

Growth inhibition (%)

PC-3 HCT-116 SF-295

Source: Prepared by the author

Anti-helminthic analysis

The analysis of ethanol extract on C. elegans strains showed a strong anthelmintic
effect (Table 1). The data are presented in mean of mortality with SEM. The N2 line
presented mortality values that were statistically identical to the positive control at
concentrations equal to or greater than 0.25 mg/mL. In the same line, concentrations equal
to or less than 0.125 mg/mL obtained values statistically equal to the negative control.

Line IVR15 obtained values that were statistically equal to the positive control with
concentrations equal to or greater than 1 mg/mL, while the concentrations equal to or less

than 0.125 mg/mL were statistically the same as the negative control. The minimum
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inhibitory concentration relative to 50% (MICs,) was calculated on the basis of the data,
providing for the N2 and IVR15 lineages the concentrations 0.213 and 0.528 mg/mL,
respectively.

Table 1 - Anti-helminthic effect of the ethanol extract of Odontomachus bauri.

] Effect (%) £ SEM
Concentration (mg/mL) N2 IVR15
2 100° 100°
1 96.3 + 1.4° 89.5 + 3.9°
0.5 95.3+4.7° 72.37 £ 7.9°
0.25 914 +£1.4° 23.9+4.8°
0.125 19.5+ 1.5 7.2+1.8°
0.0625 20.4 £3.1° 3.3+1.8°
Negative Control (M9) o° 0¢
Positive Control (lvermectin) 1007 100 + 0
MICso 0.213 0.528

Different lowercase letters (a, b, c, d) indicate comparisons of averages in columns.
Different letters indicate significantly different values (p < 0.05). (SEM - Standard error
of mean; N2 - Sensitive linage; IVR15 - Ivermectin resistant linage; MICs, - Minimum
Inhibitory Concentration of 50%).

Antimicrobial Analysis

All strains submitted to the test presented growth inhibition, demonstrating the
antimicrobial effectiveness of the ethanol extract. Three of the four strains had minimal
inhibitory concentration (MIC) equal to the minimum bactericidal concentration (MBC),
except for the S. epidermidis ATCC 12228 strain that presented MIC (15.63) 1.99 times
smaller than the MBC (31.25).

Table 2 - Antimicrobial effect of the ethanolic extract of Odontomachus bauri.

Microorganisms Disk mic MBC
diffusion (ug/mL) (ng/mL)
Pseudomonas aeruginosa ATCC 10145 + 15.63 15.63
Escherichia coli ATCC 11775 + 7.81 7.81
Staphylococcus epidermidis ATCC 12228 + 15.63 31.25
Klebsiella pneumoniae ATCC 13883 + 7.81 7.81

ATCC: American Type Culture Collection; MIC: Minimum Inhibitory Concentration; MBC:
Minimum Bactericidal Concentration; +: inhibition in plate.
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Discussion

The biological activities in the scientific literature of compounds obtained from ants
are strongly related to the use of extracts coming from the poison glands of these insects,
which in general is a material rich in bioactive peptides. The evaluation of the biological
activity of an extract rich in secondary metabolites is presented as a new alternative in the
search for non-protein bioactive compounds from ants. For this, the technique of
secondary metabolite extraction in the present study was adapted in relation to the
methodology used by FOX et al. (2013), where it was used hexane as solvent. The
extraction based in ethanol proved to be more efficient in obtaining a hydrocarbon rich
extract, given the greater polarity of the solvent and the immersion time at which ants were
subjected.

The extract showed a weak antitumor cytotoxic activity which seems to be directly
related to the non-protein composition of the extract. However, the efficacy of the extract in
relation to its antimicrobial and antiparasitic activity demonstrates its potential, which
represents a promising alternative for the development of new treatments, in view of the
great worldwide concern with the increase of drug resistance. The antimicrobial and
antiparasitic activities have already been observed from the crude extract of the venom
gland of O. Bauiri.

The crude venom extract was used in tests against strains of E. coli, S. aureus and
Toxoplasma gondii (SILVA et al., 2015). Using the disk diffusion technique, SILVA et al.
(2015) observed that 15 ug/disc of crude venom extract was able to inhibit the growth of E.
coli (62.5%) and S. aureus (72.7%). On the other hand, in the present study, we observed
that a concentration of 7.81 pg/mL was responsible for reducing the bacterial viability (>
99.9%) of E. coli, beside increasing the scientific antimicrobial knowledge regarding the
use of extracts of the species O. bauri, demonstrating the activity against P. aeruginosa, S.
epidermidis and K. pneumoniae.

The antiparasitic action of the ethanol extract against adults of C. elegans has
been shown to be promising, because the resistance to an anthelmintic considered when it
is not able to eliminate at least 95% of the parasites (FORTES; MOLENTO, 2013). The
susceptible line (N2) reached the acceptable level of mortality (95%) with 0.5 mg/mL, while
the resistant strain (IVR15) required double that concentration to eliminate 89.5% of the
nematodes. However high these concentrations may be, it should be noted that the

observed anthelmintic effect is the result of the use of a crude extract obtained from the O.
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bauri ants and consequently further complementary studies must be performed in order to
isolate and identify the active component of extract that anthelmintic action. The
identification of this bioactive component will certainly bring new insight into its
anthelmintic efficacy.

Antimicrobial effects have already been reported in the ant way of life as a way to
contribute to the health of the nest, avoiding the action of external pathogens. WANG et al.
(2015) reported the existence of antimicrobial properties of volatile products of ants of the
species Solenopsis invicta as a way of reducing the germination of fungus spruces
Beauveria bassiana. This defensive characteristic evolved in a particularly special way
with ants from the Attini tribe. HUGHES et al. (2008) suggested the existence of a close
relationship between leaf-cutting ants and their parasites and that it varies with other ants

of the same tribe, thus improving resistance against diseases.

Conclusion

The ethanol extract of O. bauri did not show antitumor efficacy. However, it proved
to be effective in its antimicrobial and antiparasitic action, suggesting the hypothesis of a
protective action used to maintain the health of the nest. In this way, more specific studies
on these bioactive compounds can bring important information about the ecology of the
species, as well as provide alternatives for the development of anthelmintic and antibiotics

for human or veterinary use.
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8 CONCLUSAO

Os metabdlitos secundarios obtidos das formigas O. bauri coletadas em
Maranguape sao essencialmente constituidos por hidrocarbonetos saturados de cadeia
longa provenientes da cuticula e, possivelmente do veneno desses insetos, dado o
método de extragao utilizado. A utilizagdo de etanol como solvente para a extragao
potencializou consideravelmente a extragdo de metabdlitos secundarios. Esses
metabdlitos apresentaram importantes atividades biologicas, antimicrobianas e
antiparasitarias, que podem ser melhor exploradas para se compreender a ecologia da
espeécie e, possivelmente, contribuir para o desenvolvimento de tratamentos
antibacterianos e anti-helminticos de uso humano e veterinario.
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