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RESUMO

No presente estudo foi investigado a atividade antimicrobiana e antileishmania de dleos da
copaiba obtidos de diferentes espécies do género Copaifera utilizados na medicina popular.
Os 6leos foram estudados quanto a sua acdo sobre a inibicdo do crescimento de bactérias
Gram-positivas, Gram-negativas, fungos filamentosos, leveduriformes, bem como sobre
formas promastigotas, amastigota axénicas e intracelulares de Leishmania amazonensis.
Resultados da atividade antimicrobiana demostraram que os Oleos obtidos das espécies
Copaifera martii, C. officinalis e C. reticulata (coletada no estado do Acre) apresentaram
significativa inibicdo do crescimento das bactérias Gram-positivas Staphylococcus aureus
incluindo meticilina-resistente, Staphylococcus epidermidis, Bacillus subtilis e Enterococcus
faecalis (MIC = 31,3 — 62,5 ug/ml). O decréscimo da viabilidade de S. aureus foi observado a
partir de 3 h de tratamento com o 6leo obtido de C. martii. Para os fungos dermatdfitos
(Trichophyton rubrum e Microsporum canis), a atividade antifingica foi moderada. Por outro
lado, nenhum 6leo obtido das espécies de Copaifera inibiu o crescimento de bactérias Gram-
negativas e leveduras. Foram visualizadas alteracdes morfoldgicas e ultraestruturais por
microscopia eletronica de varredura e microscopia eletronica de transmissdo de S. aureus
tratadas com 6leo de C. martii. Dentre as alteracdes observadas, destacam-se os rompimentos
e danos na parede celular, com conseqiiente liberagdo do material citoplasmdtico. As
alteracdes indicam que o Oleo da copaiba pode ter efeito sobre a parede celular.
Adicionalmente, todas as espécies de Copaifera estudadas foram ativas na inibi¢do do
crescimento de formas promastigotas de Leishmania amazonensis. O 6leo mais ativo foi o
proveniente da espécie C. reticulata (coletada no Pard) com valores de ICso de 5, 15, e 20
pg/ml para promastigotas, amastigotas axénicas e amastigotas intracelulares respectivamente.
O ensaio de citotoxicidade demonstrou que o 6leo obtido de C. reticulata (coletado no Pard)

tem efeito seletivo sobre os protozoarios. Com base nesses resultados, pode-se dizer que 6leos



da copaiba sdo fontes promissoras de novos compostos no tratamento das doencas

infecciosas.

Palavras-Chave: Copaifera, 6leo da copaiba, Leishmania amazonensis; dermatdfitos;

bactérias, leveduras.



ABSTRACT

In the present study, copaiba oils from different species of Copaifera sp were screened for
their activity against Gram-positive, Gram-negative bacteria, yeasts, dermatophytes, and
promastigote, amastigote axenic and intracellular amastigote forms of Leishmania
amazonensis. Copaiba oils obtained from Copaifera martii, C. officinalis, and C. reticulata
(collected in the State of Acre) were more active against Gram-positive species
Staphylococcus aureus, methicillin-resistant S. aureus, Staphylococcus epidermidis, Bacillus
subtilis, and Enterococcus faecalis (MIC = 31.3 — 62.5 pg/ml). Copaiba oils have a
bactericidal activity, resulting in decreased viability of Gram-positive bacteria within 3 h.
Moderate activity was observed against dermatophyte fungi (Trichophyton rubrum and
Microsporum canis). Oils from Copaifera species did not exhibit activity against Gram-
negative bacteria and yeasts. Scannning electron microscopy of S. aureus treated with resin
oil from C. martii revealed fusion of the bacteria, forming cellular agglomerates.
Transmission electron microscopy reavealed disruption and damage to the cell wall, resulting
in the release of cytoplasmic compounds, alterations in the morphology, and decrease in cell
volume, indicating that copaiba oil may affect the cell wall. On the other hand, copaiba oils
showed variable levels of activity against promastigote forms of L. amazonensis with 1Cs
values in the range between 5 and 22 pug/ml. The most active copaiba oil was C. reficulata
(collected at Pard) with an ICsq value of 5, 15, and 20 pug/ml for promastigote, amastigote
axenic and intracellular amastigote forms of L. amazonensis respectively. The cytotoxicity
assay shows that copaiba oil obtained from C. reticulata (collected at Pard) is more toxic to
promastigote and amastigote forms than J774G8 macrophages. Based on the results of the

currently study, copaiba oils is a future alternative treatment for infections diseases.



Keywords: Copaifera, Copaiba oil; Leishmania amazonensis, dermatophyte, bacteria, yeast.
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INTRODUCAO

Hoje sabemos que os microrganismos estdo em praticamente todos os lugares. No
entanto, as primeiras observag¢des dessas criaturas mindsculas foram feitas somente entre
1673 e 1723 pelo holandés, comerciante e cientista amador, Antoni van Leeuwenhoek com o
advento da microscopia 6ptica. Tempos mais tarde, os cientistas Louis Pasteur e Robert Koch
estabeleceram as relagdes entre os microrganismos € as doengas. Desde entdo, sabia-se que o
préximo desafio seria “descobrir” substincias que poderiam destruir os microrganismos
patogénicos sem prejudicar os animais infectados ou os seres humanos.

O médico alemao Paul Ehrlich, por volta de 1910, apés testar centenas de substancias
encontrou um agente quimioterdpico chamado salvarsan (derivado de arsénico), efetivo no
combate a sifilis. Todavia, em 1928, um afortunado acidente aconteceu com o médico e
bacteriologista escocés Alexander Fleming que, ocasionalmente, descobriu um tipo de mofo
que podia inibir o crescimento de bactérias. O mofo, mais tarde, foi identificado como
Penicillium notatum e o seu isolado ativo de penicilina.

Desde a primeira descoberta dos antibidticos, muitos outros foram desenvolvidos. No
entanto, antibidticos e quimioterdpicos nio estdo livres de problemas. Muitas drogas sdo
limitadas pela sua toxicidade; administracdo por longos periodos; selecdo de microrganismos
resistentes; bem como elevado custo. Ante essas limitacdes existentes, as plantas podem ser
fontes potenciais de novos farmacos seguros e efetivos de inestimével valor no tratamento de

doencgas infecciosas.
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REVISAO BIBLIOGRAFICA

Plantas Medicinais

Historicamente, os produtos naturais derivados de plantas t€m-se revelado uma
fecunda fonte de novos agentes terapéuticos (Calixto, 2000). O emprego das plantas no
tratamento das doengas dava-se de maneira empirica, de tal forma que os conhecimentos
adquiridos foram sendo passados ao longo do tempo, de geracdo para geracao (Cunha et al.,
2003). Ante as limitagdes dos farmacos existentes, o emprego de conhecimentos calcados no
método empirico para a sintese de drogas derivadas de plantas tornou-se uma alternativa
bastante promissora. Com efeito, as plantas podem ser fontes potenciais de novas drogas
seguras e efetivas de inestimavel valor no tratamento de doencas infecciosas.

Nesse contexto, a busca por novos principios ativos isolados de plantas, bem como
protétipos moleculares para sintese de substancias andlogas mais potentes e seletivas, as quais
podem ser obtidas mais facilmente e a custos menores, tem fomentado o investimento de
muitas industrias farmacéuticas em estudos envolvendo plantas (Simdes et al., 2004). Dentro
desta perspectiva, pode-se afirmar que o Brasil é um pais privilegiado, uma vez que detém
extensa e diversificada flora, com destaque para as formas de vegetacao encontradas por todo
o territério nacional — Floresta Amazonica, Mata Atlantica, Cerrado, Caatinga e Pantanal
(Souza Brito et al., 1993; Calixto, 2000; Yunes et al., 2001).

Indmeros compostos encontrados em plantas superiores apresentam atividade seletiva
em relacdo aos microrganismos patogénicos, dentre os quais, destacam-se os alcaldides,
terpenos, quinonas e flavondides. Estes podem ser objetos de estudo para a identificacdo de
novas drogas e/ou para modificagdes semi-sintéticas para melhorar a atividade terapéutica e

diminuir os efeitos toxicos do composto (Rates, 2001; Anthony et al., 2005).
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Em todo o mundo, indmeros grupos de pesquisa investigam as possiveis atividades
biolégicas das plantas, baseando-se em informacdes etnobotanicas. Os dados obtidos atestam
cada vez mais, e de maneira cientifica, as propriedades terapéuticas das plantas, em
detrimento dos resultados empiricos de outrora.

Em 1991, estudo realizado na Guatemala investigou a atividade in vitro de 68 plantas
utilizadas popularmente para o tratamento de doencas respiratdrias causadas pelas bactérias
Staphylococcus aureus, Streptococcus pneumoniae e Streptococcus pyogenes. Dos extratos
obtidos das plantas, 41,2% foram efetivos na inibi¢do do crescimento de uma ou mais
bactérias (Caceres et al., 1991).

Atividade antimicrobiana de extratos obtidos de 13 plantas brasileiras utilizadas na
medicina popular foi estudada por Holetz e colaboradores (2002). Dez extratos dessas plantas
mostraram variado nivel de atividade antibacteriana, sobretudo na inibi¢do do crescimento das
bactérias S. aureus e Bacillus subtilis, entre eles extratos obtidos da planta Piper regnellii.

Extratos de folhas de Piper regnellii, planta medicinal utilizada no Brasil para tratar
doencas infecciosas, foram também testados para a atividade antifingica sobre as leveduras
Candida albicans, Candida. krusei, Candida. parapsilosis e Candida tropicalis. As
propriedades antifiingicas do extrato de P. regnellii demonstraram preliminar validacdo
cientifica do uso da planta na medicina popular (Pessini et al., 2005).

Luize e colaboradores (2005) pesquisaram a atividade bioldgica de 19 extratos de
plantas com relatos etnobotanicos utilizados popularmente para o tratamento de diversas
doengas. Os extratos foram testados contra os parasitas Leishmania amazonensis e
Trypanosoma cruzi. As plantas Baccharis trimera, Cymbopogon citratus, Matricaria
chamomilla, Mikania glomerata, Ocimum gratissimum, Piper regnellii, Prunus domestica,

Psidium  guajava, Sambucus canadensis, Stryphnodendron adstringens, Tanacetum
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parthenium, e Tanacetum vulgare mostraram ser significativamente ativas para ambos
parasitas, com porcentagem de inibicdo do crescimento entre 49,5% e 99%.

Cientistas franceses selecionaram 17 espécies de plantas e, a partir destas, prepararam
extratos de algumas de suas partes, os quais foram posteriormente testados in vitro sobre
protozodrios e muitos apresentaram atividade antiproliferativa (Okpekon et al., 2003). Vinte e
nove extratos de 18 plantas medicinais usadas na Franca foram avaliados in vitro contra
Leishmania donovani. Dentre as plantas selecionadas, Scaevola balansae e Premna
serratifolia foram capazes de inibir o crescimento do parasita nas concentragdes inibitdrias
50% (ICsp) entre 5 e 10 pg/ml (Desrivot et al., 2007).

Estudos sobre o efeito antiprotozodrio de produtos naturais t€m sido realizados por
nosso grupo de pesquisa e resultados promissores foram obtidos com a planta 7. parthenium,
a partir da qual foi isolado o composto partenolideo (Tiuman et al., 2005 a, b; Izumi et al.,
2007) e também com as neolignanas isoladas de folhas de P. regnellii (Luize et al., 2006 a, b;
Nakamura et al., 2006; Vendrametto et al., 2006). Entre outros estudos realizados estio:
atividade anti-oxidante e antiftingica dos extratos obtidos de Stryphnodendron obovatum
(Sanches et al., 2005). Propriedades cicatrizantes de Stryphnodendron polyphyllum e S.
obovatum (Lopes et al., 2005); atividade antibacteriana Aspidosperma ramiflorum (Tanaka et
al., 2006) atividade antifiingica do extrato, fracdes e subfracdes de S. adstringens, conhecido
popularmente como “barbatimio” (Ishida et al., 2006); atividade antileishmania do extrato
bruto e cumarinas isoladas de folhas Calophyllum brasiliense (Brenzan et al., 2007).

Muitos 6leos essenciais — isolados das plantas por destilagdo e arraste a vapor —
também apresentam propriedades antimicrobianas. Resultados obtidos por vérios grupos de
pesquisa comprovam atividades antibacterianas, antivirais, anti-helminticas, bem como

antiprotozodrios dos 6leos essenciais (Holetz et al., 2003; Nakamura et al., 2004; Anthony et
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al., 2005; Ueda-Nakamura et al., 2006, Lertsatitthanakorn et al., 2006, Santoro et al., 2007;
Santin, 2007).

Em 2006, Ueda-Nakamura e colaboradores constataram atividade leishmanicida do
6leo essencial extraido da planta O. gratissimum, bem como do seu principal constituinte: o
eugenol. Outra pesquisa realizada por Pedroso e colaboradores (2006) mostrou a atividade
biolégica do 6leo essencial de C. citratus sobre Crithidia deanei. Santoro e colaboradores
(2007) verificaram um efeito dose dependente do 6leo essencial de “Capim Limao” (C.
citratus) e do seu constituinte majoritario Citral no crescimento das diferentes formas
evolutivas de 7. cruzi. A eficdcia dos 6leos essenciais para o tratamento de infeccdes pode ser
atribuida aos seus efeitos imunomodulatérios, que s@o potencializados pela baixa densidade

dos dleos, resultando em uma rapida difusdo através da membrana.
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Género Copaifera e o 6leo resina

As plantas do género Copaifera sao éarvores de grande porte (alcancam de 25 e 40
metros de altura), conhecidas popularmente como copaibeiras ou pau d’6leo e pertencem a
familia Fabaceae, sub-familia Caesalpinoideae.

Tais arvores, que podem viver até 400 anos, secretam um 6leo de propriedades quase
magicas, com o qual valentes guerreiros untavam seus corpos para descansar apds suas
batalhas. E dessa forma, através dos conhecimentos historicos da sua utilizagdo, o 6leo de
copaiba vem sendo indicado para diversos fins na medicina popular, desde os primeiros anos
do descobrimento do Brasil.

As copaibeiras sdo nativas da regido tropical da América Latina e da Africa Ocidental.
No Brasil, sdo encontradas nas Regides Amazdnicas e Centro-Oeste. Entre as espécies mais
abundantes destacam-se: C. officinalis (norte do Amazonas, Roraima, Colombia, Venezuela e
San Salvador), C. guianensis (Guianas), C. reticulata, C. multijuga (Amazdnia), C.
confertiflora (Piaui), C. langsdorffii (Brasil, Argentina e Paraguai), C. coriacea (Bahia) e C.
cearensis (Ceard) (Veiga-Jr e Pinto, 2002).

A designacdo correta para o 6leo da copaiba é Odleo-resina, por ser um exudato
constituido por 4cidos resinosos e compostos voldteis. Também € conhecido como “balsamo”
de copaiba, apesar de ndo ser um bdlsamo verdadeiro, uma vez que nao contém derivados do
dcido benzdico ou cindmico. Pode ser encontrado em mercados e feiras populares com
diferentes denominacdes, dentre as quais, podem ser citadas: Panchimoiti, Palo de aceite,
Cabimo, Copahyba, Copaibarana, Copatiba, Copaibo, Copal, Maram, Marimari e Balsamo
dos Jesuitas (Veiga Jr. et al., 2001).

O dleo de copaiba € encontrado em canais secretores formados pela dilatacdo de
espacos intercelulares (meatos) que se intercomunicam no meristema, chamados de canais

esquizégenos. Estes canais estdo localizados em todas as partes da arvore, no entanto, o
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carater mais saliente deste aparelho secretor estd no tronco. A coleta indicada do 6leo da
copaiba é a realizada através de uma incisdo com trado a cerca de 1 metro de altura do tronco.
Terminada a coleta é aconselhdvel vedar o orificio com argila para impedir a infestacdao da
arvore por fungos ou cupins. Dessa forma, a argila pode ser facilmente retirada, permitindo
que se facam outras coletas no mesmo tronco. Segundo relatos, uma tnica drvore pode gerar
de 40 a 50 litros de dleo por ano, apesar de nem todas as espécies serem capazes de produzir
essa quantidade (Veiga-Jr e Pinto, 2002; Oliveira et al., 2006; Gomes et al., 2007).

Documentos histéricos apontam os indios brasileiros como pioneiros no uso do dleo
da copaiba. Era utilizado principalmente como cicatrizante, bem como no umbigo de recém-
nascidos para evitar o mal-dos-sete-dias. Os guerreiros quando voltavam de suas lutas
untavam o corpo com o 6leo da copaiba e se deitavam sobre esteiras suspensas e aquecidas
para curar eventuais ferimentos. Tudo indica que o uso deste 6leo veio da observagdo do
comportamento de certos animais que, quando feridos, esfregavam-se nos troncos das
copaibeiras.

A utilizag¢do do 6leo da copaiba na medicina popular ocorre de vérias maneiras: anti-
blenorrdagico, antiinflamatério, anti-séptico, anti-asmdtico, bronquite, espectorante,
inflamacdes da garganta, pneumonia, dermatite, eczema, cicatrizante de feridas e tlceras,
afrodisiaco, anti-tetdnico, anti-reumadtico, anti-cancerigeno, leishmaniose, dores de cabeca,
leucorréia e picadas de cobra. Com efeito, observa-se uma ampla gama de propriedades
farmacoldgicas. Todavia, as principais atividades relatadas foram de antiinflamatério das vias
superiores, inferiores e como cicatrizante (Lima et al., 2003; Carvalho et al., 2005; Veiga-Jr et
al., 2006; Fernandes et al., 2007; Gomes et al., 2007).

No tocante aos estudos da composicdo quimica dos 6leos da copaiba, as principais
metodologias empregadas s@o: a cromatografia liquida de alta eficiéncia (HPLC),

cromatografia com fluido super-critico com detetor de infravermelho (SFC-FT-IR) e
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cromatografia gasosa acoplada a espectrometria de massas com colunas cromatograficas de
fase estacionaria quiral (B-ciclodextrina permetilada). Constatou-se serem os O6leos
constituidos por misturas de sesquiterpenos e de diterpenos.

Os sesquiterpenos compreendem aproximadamente 80% do 6leo-resina. Dentre os
compostos mais comuns estdo o-copaeno, f-cariofileno, B-bisaboleno, a e B-selineno, o-
humuleno, o e y-cadidene (Veiga-Jr e Pinto 2002). Por sua vez, os diterpenos pertencem aos
esqueletos caurano, labdano e clerodano e totalizam 28 diterpenos descritos até o momento.
Destes, o acido copdlico é comum a todos os dleos da copaiba até hoje estudados, por isso,
talvez possa ainda ser utilizado como um biomarcador para a autenticagdo desses Oleos
(Veiga-Jr et al., 1995; Veiga- Jr et al., 1997; Braga et al., 2000; Cascon e Gilbert, 2000).

Fatores climdticos e a época do ano devem ser considerados no processo de extragio
do 6leo resina. A composi¢do quimica das espécies de Copaifera pode apresentar diferencas
quantitativas e qualitativas. A presenca de substincias quimicas em uma determinada espécie
pode estar atrelada a sua sazonalidade, variando em fun¢do de alguns fatores, tais como:
temperatura, radiag@o solar e precipitagdo pluviométrica (Cascon e Gilbert, 2000; Oliveira et
al., 2006).

Hoje, o 6leo da copaiba é um fitoterdpico que pode ser encontrado em qualquer
farmdcia natural e de manipulagcdo do pais. Estudos farmacoldgicos mostram que o uso do
6leo pelos indios é plenamente justificado. Estudos in vitro e in vivo demonstram que o dleo
de vérias espécies de Copaifera possui atividades bioldgicas. Dentre estas, destacam-se:
antiinflamatdria, antitumoral, antitetdnica, antiblenorrdgica, para cura da bronquite, sifilis,
doencas da pele, ulcera, e também como cicatrizante de feridas (Veiga-Jr et al., 2001; Lima et
al., 2003; Paiva et al., 2004; Barreto-Jr. et al., 2005; Brito et al., 2005; Aradjo-Jr et al., 2005;

Cavalcanti et al., 2006).
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Estudos realizados por Paiva e colaboradores (2004 a, b) mostraram a atividade
gastroprotetora e antiinflamatdria do 6leo da copaiba coletado da espécie C. langsdorffii. Em
estudo recente, realizado por Veiga-Jr e colaboradores (2007) a atividade antiinflamatdria dos
Oleos provenientes das espécies C. multijuga, C. reticulata e C. cearensis foi confirmada.
Sendo que destas, C. multijuga foi a que mostrou o mais potente efeito antiinflamatério.

Os resultados apresentados por Lima e colaboradores (2003) demonstram a atividade
antitumoral do 6leo da copaiba de Copaifera multijuga. Este, quando administrado oralmente
em ratos C57black/6 reduzem o crescimento das células tumorais vidveis de melanoma
B16F10, bem como o nimero de metastases.

Brito e colaboradores (2005) obtiveram resultados significativos com o 6leo da
copaiba (C. multijuga) na diminuicdo dos niveis séricos de uréia e creatina em ratos
submetidos a sindrome de isquemia e reperfusdo renal, mostrando assim um efeito protetor do
6leo na insuficiéncia renal aguda. No entanto, Aradjo-Jr e colaboradores (2005), quando
estudaram o efeito do 6leo de C. officinalis sobre as aminotransferases de ratos submetidos a
isquemia e reperfusdo hepdtica verificaram que o éleo ndo teve efeito protetor sobre a lesdao
hepética.

Atividade antimicrobiana do dleo da copaiba, obtido da espécie C. paupera sobre
bactérias B. subtilis, S. aureus e Staphyloccocus epidermidis foi demonstrada em estudo
realizado por Tincusi e colaboradores (2002). Neste mesmo estudo, também foi mostrado que
o Oleo desta espécie de Copaifera nao apresenta atividade leishmanicida, uma vez que na
concentracdo de 300 pg/ml inibiu apenas 20% do crescimento das formas promastigotas de L.
braziliensis.

A industria de perfumes e de cosméticos utiliza o dleo da copaiba como matéria-prima
de suma importancia para producdo de seus produtos. Dentre as propriedades estdo a de ser

um excelente fixador, emoliente, bactericida e antiinflamatdrio, na manufatura de sabonetes,
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cremes e espumas de banho, shampoos, cremes condicionadores, log¢des hidratantes e
capilares (Veiga-Jr e Pinto, 2002).

Apesar da extensa literatura que trata dos 6leos de copaiba, ainda é pequeno o nimero
de artigos nos quais ¢ relatada a identificacdo botanica da espécie estudada. Os estudos de
atividade bioldgica confirmam o conhecimento dos indios, repassados aos portugueses ji no

inicio da coloniza¢do, bem como a sabedoria popular.
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Staphylococcus aureus e as doencas infecciosas

Os estafilococos sdo bactérias esféricas Gram-positivas com cerca de 0,5-1,5 um de
diametro, geralmente com distribui¢do em arranjos semelhantes a cachos de uva (Ingavale et
al., 2005). Atualmente, o gé€nero estafilococos € composto por cerca de 27 espécies, sendo
algumas freqiientemente associadas a uma ampla variedade de infeccdes de cardter
oportunista em seres humanos e animais.

Este grupo de bactérias é normalmente classificado, para fins clinicos, de acordo com
a presencga da enzima coagulase. Esta € uma enzima que coagula a fibrina no sangue. As cepas
que apresentam esta enzima sdo denominadas de coagulase-positivas e as que ndo a
apresentam, coagulase-negativas. Dentre os estafilococos coagulase-negativos estio
Staphylococcus epidermidis e o Staphylococcus saprophyticus, ambos fazem parte da
microbiota e normalmente ndo sio patogénicos (Zetola et al., 2005).

S. aureus é o mais patogénico dos estafilococos. Quase todas as cepas patogénicas de
S. aureus sdo coagulase positivas. Os codgulos de fibrina podem proteger os microrganismos
da fagocitose e isold-los das outras defesas do hospedeiro.

As manifestacdes clinicas variam de infec¢des cutdneas superficiais a doengas
sistémicas. Isto se deve a capacidade do organismo de colonizar e sobreviver em diversos
nichos do hospedeiro durante o processo infeccioso (Cegelski et al., 2008). Dentre as
infecgdes cutaneas estdo a foliculite, furunculose, carbinculo e impetigo. Ja entre as doencas
sist€micas, pode-se citar a osteomielite, bacteremia, endocardite, pneumonia e,
ocasionalmente, a meningite e artrite bacteriana. (Ingavale et al., 2005; Zetola et al., 2005).
As infecgdes de cardter mais grave ocorrem, sobretudo em individuos debilitados por doencas
cronicas, traumas fisicos, queimaduras ou imunossuprimidos (Fung et al., 2001;

Okdakowska-Jedynak et al., 2003; Masoodi et al., 2007).
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Além dessas infeccdes, S. aureus pode causar varios tipos de intoxicagdes, tais como:
a sindrome da pele escaldada ou doenca de Ritter, a intoxicacdo alimentar e a sindrome do
choque téxico. A importincia clinica das doencas causadas por S. aureus tem crescido,
particularmente, devido ao aumento na ocorréncia de infec¢des hospitalares graves causadas
por amostras multirresistentes (Jones et al., 2001; Jacqueline et al., 2003).

S. aureus apresenta uma formiddvel habilidade para adquirir resisténcia a muitos
antibidticos (McCallum et al., 2006). Desde a sua descoberta em 1880 S. aureus tem
emergido como uma bactéria extremamente patogénica. Até a introducdo da penicilina, a taxa
de mortalidade de pacientes infectados com S. aureus era de 80%. No inicio de 1940, as
infec¢gdes foram tratadas com beta-lactdmicos. Contudo, a primeira cepa resistente para esse
antibiotico foi isolada ja em 1942, primeiro em hospitais e depois na comunidade.

As linhagens resistentes sdo produtoras de beta-lactamase, uma enzima que inibe a
acdo da droga é codificada por genes plasmidiais. E dramatico o aumento da resisténcia aos
antibidticos nos isolados clinicos. Desde 1960, 80% de todos S. aureus isolados sdo
resistentes para penicilina, e hoje, mais do que 90% dos estafilococos isolados sdo resistentes
a penicilina (Cunha et al., 2005; Deurenberg et al., 2007; Cegelski et al., 2008).

Com a introdu¢do da meticilina, outro derivado beta-lactimico, em 1960, a
porcentagem de S. aureus meticilina-resistente (MRSA) aumentou de 60 a 70% nos casos
clinicos. Relatos indicam um frenético aumento na freqiiéncia das comunidades que adquirem
MRSA. A alta prevaléncia de MRSA nos hospitais tem sido associada com o aumento da
mortalidade dos pacientes, e com os altos custos para os cuidados com a sadde. A resisténcia
a meticilina estd relacionada a alteracOes das proteinas ligadoras de penicilina (penicillin-
binding proteins) (Harbarth, 2006).

O SENTRY (antimicrobial surveillance programme) relatou em um estudo que a

prevaléncia de MRSA nos hospitais, entre 1997 e 1999, foi de 22,4% na Austrilia; 66,8% no
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Japao; 34,9% na América Latina; 40,4% na América do Sul; 32,4% nos Estados Unidos da
América; e 26,3% na Europa (Deurenberg et al., 2007).

O aumento da prevaléncia de comunidades adquirindo MRSA em diversos paises e
causando substancial morbidade e mortalidade associada com essas infeccdes sugere que
MRSA ¢ um desafiador problema de satide publica (Nathwani, 2005; Zetola et al., 2005).
Assim, € necessdrio entender o processo de patogenicidade, para que novos alvos moleculares
sejam identificados e o desenvolvimento de efetivos agentes terapéuticos sejam introduzidos

no mercado (Ingavale et al., 2005; Cegelski et al., 2008).
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Leishmania amazonensis e as Leishmanioses

As leishmanioses sdo infec¢Oes parasitdrias que ocorrem em indmeras espécies
animais, incluindo o homem. Sdo causadas por protozodrios pertencentes ao género
Leishmania, ordem Kinetoplastida, familia Trypanosomatidae (Sereno et al., 2007). Cerca de
20 espécies de Leishmania sdo patogé€nicas para humanos (Desjeux, 2004). Os parasitas sdo
agrupados em dois subgéneros: Leishmania, constituido pelos complexos Leishmania
donovani e Leishmania mexicana; Viannia, que compreende apenas o complexo Leishmania
braziliensis. Dentre os fatores considerados para tal classificacdo, estdo: caracteres bioldgicos;
imunolégicos; bioquimicos; distribuicdo geogrifica; bem como os aspectos clinicos da
infec¢do humana (Cupolillo et al., 2000).

A leishmaniose se manifesta em um amplo espectro de formas clinicas, que dependem
da espécie ou subespécie do parasita infectante, da distribuicdo dos macrdéfagos infectados e,
especialmente, da resposta imune do hospedeiro. As principais sindromes de leishmaniose
humana, em ordem crescente de acometimento sistémico e provavel gravidade clinica,
classificam-se como: formas cutdneas, mucocutaneas e visceral (Paris et al., 2004).

No Brasil, as leishmanioses apresentam-se como duas doengas distintas: a
leishmaniose tegumentar, que pode ser causada por diferentes espécies, sendo as mais
importantes, L. braziliensis, L. guyanensis e L. amazonensis, e a leishmaniose visceral,
também conhecida por calazar, causada pela Leishmania (Leishmania) chagasi.

A leishmaniose tegumentar, por sua vez, possui grande variedade de formas as quais
de acordo com as variagdes clinicas, podem ser agrupadas da seguinte maneira: leishmaniose
cutanea, cutinea difusa e mucocutaneas (Desjeux, 2004). A leishmaniose cutinea afeta
principalmente rosto, nariz, bragcos e pernas, que s@o locais mais propicios para a picada do
inseto. As ulceras tem como caracteristica as bordas elevadas, em moldura. A leishmaniose

cutanea difusa, caracteriza-se pela formacdo de lesdes difusas ndo ulceradas por toda a pele. A
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disseminagdo do parasita ocorre através de vasos linfaticos, bem como pela migracdo dos
macrdfagos parasitados. A forma clinica mucocutinea é conhecida por espundia e nariz de
tapir ou anta. As lesdes ocorrem devido a disseminacdo do parasita por via hematogénica ou
linfatica. As regides mais comumente afetadas sdo o nariz, a faringe, a boca e a laringe. O
processo ulcerativo causa graves mutilagdes, as quais criam aos pacientes dificuldades de
respirar, falar e se alimentar. Nesta fase, complica¢des respiratérias por infecgdes secunddrias
podem ocasionar a morte do paciente (Desjeux, 2001; Desjeux, 2004). No Brasil, a incidéncia
de leishmaniose tegumentar tem aumentado em praticamente todas as regides do pais (Gontijo
e Carvalho, 2003), sendo considerada endémica, inclusive, no norte do Estado do Parana
(Silveira et al., 1996).

A forma visceral da doenga € crdnica, progressiva e afeta varios 6rgdos, incluindo o
baco, o figado, a medula dssea, os linfonodos e a pele. A leishmaniose visceral é a forma mais
grave e pode ser fatal, caso ndo seja tratada. Estatisticas preocupantes revelam que mais de
90% dos casos documentados nas Américas sdo encontrados no Brasil, sendo detectados
casos em todos os estados costeiros, do Pard ao Parand e em estados centrais como Minas
Gerais, Goids e Mato Grosso do Sul (Desjeux, 2004; Paris et al., 2004; Murray et al., 2005).
As leishmanioses sdo causa de considerdvel mortalidade no mundo, uma vez que afetam mais
de 12 milhdes de pessoas, com 1 a 2 milhdes de novos casos registrados anualmente.
Perspectivas de controle dependem de alguns fatores, como o desenvolvimento de novas
estratégias para o controle do vetor e tratamento (Carvalho e Ferreira, 2001; Rodrigues et al.,
2002; Camacho et al., 2003; Desjeux, 2004; Gonzélez et al., 2005; Cohen-Freue et al., 2007).
Parasitas do género Leishmania apresentam um ciclo de vida heteroxénico, alternando entre
formas promastigotas (extracelulares) e amastigotas (intracelulares). As amastigotas,sdo
formas ovais ou esféricas com nucleo grande e arredondado ocupando aproximadamente, um

terco do corpo do parasita. Multiplicam-se no citoplasma dos macréfagos localizados na pele,
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nas visceras ou no sangue, onde produzem pouco ou nenhum efeito patoldgico nos
hospedeiros naturais. No entanto, nos hospedeiros eventuais, entre os quais estd o homem,
pode-se verificar uma violenta reacio celular ocasionada pelo parasita, que resulta usualmente
em lesdes da pele e das mucosas (leishmaniose tegumentar) ou em severas alteragdes
patolégicas nos o6rgdos internos (leishmaniose visceral). As formas promastigotas sio
alongadas, com um flagelo livre e longo, emergindo da porcdo anterior do corpo do parasita.
O nicleo € arredondado ou oval e estd situado na regido mediana do corpo do parasita. Estas
formas do parasita sdo encontradas aderidas a parede intestinal do inseto vetor em pontos
diferentes ou livres no limen, em processo de multiplicacdo. As formas infectantes,
promastigotas metaciclicas, sdo encontradas principalmente livres ou aderidas na porg¢do
anterior do aparelho bucal do inseto (Cunningham, 2002; McConville et al., 2007; Besteiro et
al., 2007).

Ambas as formas do agente etiolégico da Leishmaniose, apresentam como
caracteristica da ordem, a presenca de um cinetoplasto mitocondrial conspicuo, situado
préximo a base do flagelo. O cinetoplasto € um compartimento especializado da mitocondria
onde se concentra grande quantidade de DNA organizado em mini e maxi-circulos,
denominado kDNA. Ao microscopio eletronico de transmissdo observa-se que esses parasitas
sdo delimitados por uma membrana citoplasmatica lipoprotéica, sob a qual estdo dispostos
microtibulos subpeliculares em nimero varidvel. Nas diferentes espécies de Leishmania, a
membrana plasmdtica apresenta uma invaginacdo na regido anterior do corpo do parasita
formando a bolsa flagelar, onde se localiza o flagelo, e caracteriza-se por apresentar intensa
atividade endocitica. Na matriz citoplasmética é possivel observar a mitocOndria, que se
estende por toda a célula, reticulo endoplasmadtico, aparelho de Golgi, compartimentalizacio
da via glicolitica em glicossomas e vactiolos de reserva, tais como os acidocalcissomas. Vale

ressaltar, que formas amastigotas do parasita Leishmania do complexo mexicana apresentam
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exclusivamente, abundantes estruturas elétron-densas no citoplasma, as quais variam em
tamanho e numero, designadas como megasomas. Estudos citoquimicos mostram que
megasomas contém varias enzimas hidroliticas, tais como as cisteinas proteinases,
consideradas cruciais na diferenciacdo celular entre as formas distintas do parasita (Ueda-
Nakamura et al., 2001; De Souza, 2002; Besteiro et al., 2007; McConville et al., 2007; Ueda-
Nakamura et al., 2007).

A transmissdo da leishmaniose ocorre por meio dos hospedeiros invertebrados, que
sdo mosquitos flebétomos do género Phlebotomus ou Lutzomyi (Carvalho e Ferreira, 2001;
Murray et al., 2005). Os vetores inoculam as formas promastigotas metaciclicas, infectando o
hospedeiro vertebrado. Uma vez no interior do hospedeiro, as formas promastigotas sio
fagocitadas pelos macréfagos. Apds a interiorizagdo ocorre a fusdo do fagossoma contendo o
parasita com os lisossomas da célula hospedeira, seguida pela diferenciacdo das formas
promastigotas em amastigotas iméveis, capazes de se adaptarem ao ambiente dcido dos
vacuolos fagociticos, ricos em hidrolases. Destaca-se que o pH é4cido deste compartimento,
em torno de 4,7 a 5,2 - vital para o funcionamento das hidrolases lisossomais — ndo interfere
no metabolismo de amastigotas de Leishmania que se da preferencialmente entre pH 4,0 a 5,5.
Ressalta-se que a natureza acidica do vacuolo parasitéforo, parece favorecer a diferenciacio e
proliferacdo deste parasita (Cunningham, 2002; Waller et al., 2002; Besteiro et al., 2007;
McConville et al., 2007).

As formas cléssicas de leishmanioses — leishmaniose tegumentar e visceral — impdem
dificuldades especificas em termos de diagndstico e tratamento. Os protozodrios, por serem
eucariotos, apresentam processos metabdlicos que se assemelham mais aos das células do
hospedeiro humano do que aqueles apresentados pelos patégenos bacterianos procariontes.
Dessa forma, os farmacos antiprotozodrios causam sérios efeitos toxicos para os hospedeiros

(Murray et al., 2005), particularmente em células com alta atividade metabdlica, tais como:
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células neuronais, tubulares renais, intestinais e germinativas da medula 6ssea (Harvey et al.,
1998; Delorenzi et al., 2001).

Nao h4d nenhuma vacina contra essa doenga, a falta de imunidade cruzada entre os
vdrios parasitas causadores da leishmaniose levanta problemas a esse respeito (Desjeux, 2001;
Desjeux, 2004). O tratamento é dependente de um limitado niimero de drogas. A droga de
primeira escolha € o Antimonial Pentavalente: antimoniato N-metil-glucamina. Este
antimoniato € indicado para todas as formas de leishmaniose tegumentar, embora as formas
mucosas exijam maiores cuidados, podendo apresentar respostas mais lentas e possibilidades
de recidiva. N@o havendo resposta satisfatéria com esse medicamento, as drogas de segunda
escolha sdo a Anfotericina B e a pentamidina (Croft et al., 2005; Croft et al., 2006; Sereno et
al., 2007; Alnaim et al., 2007).

No entanto, todas essas drogas sdo limitadas pela sua toxicidade; requerem
administracdo intravenosa por um longo periodo; e apresentam custo elevado. Novos
farmacos estido sendo adotados no tratamento das leishmanioses, como a Miltefosina®, que é
considerada a primeira droga de aplicacdo oral efetiva. Todavia, ainda € muito pequeno o
nimero de drogas efetivas, seguras e disponiveis (Croft e Coombs, 2003; Leandro et al.,
2003; Kafetzis et al., 2005; Natera et al., 2007). Ante o exposto, a busca de novas drogas
antiparasitarias € uma prioridade na drea médica. Estudos visando o melhor entendimento da
patogénese, bem como a elucidagdo de novos alvos quimioterdpicos, tais como enzimas,
transportadores e metabdlitos que sdo distintos nos parasitas e seus hospedeiros sdo de suma

importancia para a obtencdo de farmacos efetivos e seguros para o controle das leishmanioses.
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OBJETIVOS

Investigar o efeito do 6leo de copaiba extraido de diferentes espécies de Copaifera (C.
reticulata (coletadas no Estado do Acre e Pard), C. multijuga, C. martii, C. cearensis,
C. paupera, C. langsdorffii, C. officinalis, e C. lucens) no crescimento de bactérias
Gram-positivas, bactérias Gram-negativas, fungos filamentosos e leveduriformes, bem
como sobre formas promastigotas, amastigotas axénicas e intracelulares de

Leishmania amazonensis;

Realizar a curva de tempo de morte de Staphylococcus aureus meticilina-sensivel e S.

aureus meticilina-resistente (MRSA);

Analisar as alteragdes morfoldgicas e ultra-estruturais de S. aureus tratado com 6leo
de C. martii por microscopia eletrdnica de varredura e microscopia eletronica de

transmissao;

Analisar as alteragdes morfoldgicas e ultra-estruturais de L.amazonensis tratado com

6leo de C. reticulata por microscopia fotdnica comum, eletronica de varredura e de

transmissao;

Observar a atividade do 6leo da copaiba na multiplicagdo de L. amazonensis no

interior de macréfagos peritoniais;

Realizar ensaios de citotoxicidade em macréfagos da linhagem J774G8.
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Antimicrobial activity of copaiba oils - Adriana O. Santos et al.

Antimicrobial activity of Brazilian copaiba oils obtained from different species of
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Antimicrobial activity of copaiba oils was tested against Gram-positive and Gram-
negative bacteria, yeasts, and dermatophytes. Oils obtained from Copaifera martii, C.
officinalis, and C. reticulata (collected in the State of Acre) were more active against Gram-
positive species (Staphylococcus aureus, methicillin-resistant S. aureus, Staphylococcus
epidermidis, Bacillus subtilis, and Enterococcus faecalis) with MICs = 31.3 — 62.5 pg/ml.
The oils showed bactericidal activity, decreasing the viability of these Gram-positive bacteria
within 3 h. Moderate activity was observed against dermatophyte fungi (Trichophyton rubrum
and Microsporum canis). The oils showed no activity against Gram-negative bacteria and
yeasts. Scannning electron microscopy of S. aureus treated with resin oil from C. martii
revealed lysing of the bacteria, forming cellular agglomerates. Transmission electron
microscopy revealed disruption and damage to the cell wall, resulting in the release of
cytoplasmic compounds, alterations in morphology, and decrease in cell volume, indicating

that copaiba oil may affect the cell wall.

Keywords: Copaiba oil; yeast, dermatophyte, bacteria, Copaifera; Leguminoseae
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The bacteria responsible for severe post-surgery infections are predominantly Gram-
positive (Okdakowska-Jedynak et al. 2003). Staphylococcus aureus is the major cause of
community- and hospital-acquired infections. It is responsible for skin or soft-tissue
infections, urinary tract infections, gastrointestinal abscesses, peritonitis, lower respiratory
tract infections, osteomyelitis, tropical myositis, endocarditis, and bacteriemia (Fung et al.
2001). S. aureus has a formidable ability to rapidly acquire resistance to any antibiotic. The
multi-resistance of Gram-positive bacteria to antimicrobial agents is increasing at a alarming
rate for many commonly prescribed classes of antimicrobial agents, including the
penicillinase-resistant penicillins, other B-lactams, fluoroquinolones, and macrolides (Zetola
et al. 2005). The increasing resistance of bacteria to conventional antibiotics has encouraged
intensive efforts to develop new antimicrobial agents that are effective against resistant
bacteria. Plants provide great chemical diversity and bioactivity, which has led to the
development of hundreds of pharmaceutical drugs (Shu 1998).

Copaiba oils are produced by exudation from the trunks of trees belonging to the
genus Copaifera. The exuded material is a transparent, yellow to light-brown liquid (Veiga-
Junior and Pinto 2002). The medicinal properties of copaiba oils were known among
American Indians, who probably observed that animals rubbed themselves on copaiba tree
trunks to heal their wounds (Veiga-Junior et al. 2001). The effects attributed to copaiba oils in
folk medicine are anti-inflammatory, antitetanus, antitumour, antiblenorrhagea, and urinary
antiseptic. In addition, it is used to treat bronchitis, skin diseases, ulcers, and syphilis, as well
as for healing wounds (Gomes et al. 2007). Pharmacological studies have demonstrated its
properties as an anti-inflammatory, gastroprotective, analgesic, wound-cicatrisation (Paiva et
al. 2004a,b; Aratijo-Junior et al. 2005; Brito et al. 2005; Carvalho et al. 2005; Veiga-Junior et

al. 2006; Veiga-Junior et al. 2007); antinociceptive (Gomes et al. 2007); antitumour (Lima et
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al. 2003); insect repellent (Gilbert et al. 1999); and antimicrobial (Costa-Lotufo et al. 2002;
Tincusi et al. 2002). The cosmetic industry uses copaiba oils in shampoos, capillary lotions,
and bathing foams. Previous studies have demonstrated that the oleoresin did not show
cytotoxicity to mammal cells, induce behavioural alterations, or cause lesions or bleeding in
stomachs of mice (Veiga-Junior et al. 2007; Gomes et al. 2007).

Many of these studies were performed with commercial oils, without botanical
identification. Oils from more than 20 species of Copaifera are used in folk medicine in
Brazil, and significant differences of chemical composition occur among them (Veiga-Junior
et al. 2007). Here, we report the antimicrobial activity of oils from 8 species of this genus: C.
multijuga, C. martii, C. cearensis, C. paupera, C. langsdorffii, C. officinalis, and C. lucens, C.

reticulata, collected in the states of Acre and Para.
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MATERIALS AND METHODS

Plant material

The copaiba oils are exuded directly from the trunks of the trees. Copaifera multijuga
Hayne was collected at Manaus, Amazonas (INPA 82.418); C. officinalis Jacq. was collected
at Boa Vista, Rondonia (INPA 191.211); C. reticulata Ducke was collected at Belém, Para
(INPA 61.212); specimens of all three were deposited in the Herbarium of INPA (Manaus).
C. reticulata Ducke was collected at Tarauaca, Acre (RB 359.606); C. [ucens was collected in
Rio de Janeiro, state of Rio de Janeiro (RB 348.717); C. langsdorffii Desf. was collected at
Campinas, Sdo Paulo (RB 344.931); C. paupera Dwyer was collected at Tarauacd, Acre (RB
359.599); specimens of these four species were deposited in the Herbarium of the Botanical
Garden in Rio de Janeiro. C. martii was collected at Tapard, Pard (DC 349) and the sample
was deposited in the Herbarium Chico Mendes (Rio de Janeiro). C. cearensis Huber was
collected in Minas Gerais (SP 55.425) and the sample was deposited in the Herbarium of the

Instituto de Botanica da Universidade de Sao Paulo.

Microorganisms

The test organisms included Gram-positive bacteria: Staphylococcus aureus ATCC
25923, Bacillus subtilis ATCC 6623, Staphylococcus epidermidis ATCC 12228, methicillin-
resistant Staphylococcus aureus (MRSA) ATCC 33591, and Enterococcus faecalis ATCC
29212; and Gram-negative bacteria: Escherichia coli ATCC 25922, Pseudomonas aeruginosa
ATCC 27853, Proteus mirabilis ATCC 25933, Klebsiella pneumoniae ATCC 13883, Shigella
flexinerii ATCC 12022, and Enterobacter cloacae ATCC 13047. Bacteria were grown in
Mueller-Hinton broth (Difco Becton Dickinson Co., Sparks, Maryland, USA) at 37 °C for 24

h and maintained on slopes of nutrient agar (Difco). The yeasts Candida albicans ATCC
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10231, Candida tropicalis ATCC 28707, and Candida parapsilosis ATCC 22019 were stored
in water suspensions at room temperature and subcultured in Sabouraud-dextrose broth before
being used in each test. The filamentous fungi Trichophyton rubrum ATCC 28189,
Trichophyton mentagrophytes ATCC 4481, Microsporum canis ATCC 32903, and
Microsporum gypseum ATCC 14683 were subcultured every 15 days to prevent pleomorphic
transformations. The yeasts and dermatophyte fungi were grown on Sabouraud-dextrose agar
(Merck SA, Sao Paulo, Brazil) at 37 °C or 28 °C, respectively. All standard microorganisms

were kindly provided by the Instituto Oswaldo Cruz, Rio de Janeiro, Brazil.

Antimicrobial susceptibility testing
Antibacterial assay

The minimum inhibitory concentrations (MIC) of copaiba oils and reference
antibiotics (tetracycline, vancomycin, penicillin, and oxacillin from Sigma Chemical Co., St.
Louis, Missouri, USA) were determined by microdilution techniques in Mueller-Hinton broth
(Difco) for Gram-positive and Gram-negative bacteria (CLSI, 2005a). The assay was carried
out in 96-well microtitre plates. Each oil was mixed with an inoculum prepared in the same
medium at a density adjusted to tube 0.5 of the McFarland scale (10* bacterial cells) and
diluted 1:10 for the broth microdilution procedure. Microtitre trays were incubated at 37 °C
and the MICs were recorded after 24 h of incubation. The minimum inhibitory concentration
was defined as the lowest concentration of compounds that produced 80% reduction in visible
growth compared with the control. The minimum bactericidal concentration (MBC) was
defined as the lowest concentration yielding negative subcultures or only one colony, when
subcultured in Mueller-Hinton Agar (MHA) without test compound. These tests were

performed in duplicate on separate occasions.
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Antifungal assay

The antifungal assay was performed by microdilution techniques in sterile flat-bottom
microplates (CLSI, 2005b,c). The MICs of copaiba oils and reference drugs (nystatin,
fluconazole, and amphotericin B) were determined by microdilution techniques in RPMI 1640
(Sigma Chemical Co., Missouri, USA) and approximately 10* spores or 10° yeasts were
inoculated in a total volume of 100 pl. The plates were incubated at 28 °C for 48 h for yeasts
and 72 h for dermatophytes. MIC was defined as the lowest concentration of oil at which the
microorganism tested did not show visible growth. Each experiment was performed twice on

different occasions.

Time-kill curve methodology

The antibacterial activity of C. martii against S. aureus and methicillin-resistant S.
aureus (MRSA) was studied over a range of multiples of MIC (62.5 pg/ml), from 0.12 to 2.0
X MIC. Tests were performed in triplicate and incubated at 37 °C. At predetermined time
points (0, 3, 6, 9, 12, 24, 48 h) a 100 ul sample was removed from each test suspension,
serially diluted in sterile saline, and plated on Mueller-Hinton agar plates for colony count
determination. Data from triplicate runs were averaged and plotted as log CFU/ml versus time

(h) for each time point (CLSI, 2005a).

Morphological and ultrastructural analysis
Scanning electron microscopy

Staphylococcus aureus treated with C. martii (31.5 and 50 pg/ml) was collected by
centrifugation after 3 h incubation at 37 °C, washed in PBS, and fixed with 2.5%

glutaraldehyde in 0.1 M sodium cacodylate buffer containing 1.0 mM CaCl,. After fixation,
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small drops of the sample were placed on a specimen support with poly-L-lysine.
Subsequently, the samples were dehydrated in graded ethanol, critical-point dried in CO,,

coated with gold and observed in a Shimadzu SS-550 scanning electron microscope.

Transmission electron microscopy

The bacterium S. aureus collected from the exponential phase was cultured with C.
martii (31.5 and 50 pg/ml) for 3 h at 37 °C, washed in PBS, and fixed with 2.5%
glutaraldehyde in 0.1 M sodium cacodylate buffer containing 1.0 mM CaCl,. Cells were then
washed with 0.1 M sodium cacodylate buffer and postfixed for 1 h at room temperature in 1%
osmium tetroxide plus 0.8% potassium ferrocyanide and 5 mM calcium chloride. After
rinsing, cells were dehydrated in acetone and embedded in Epon® resin. Ultrathin sections
obtained in a Reichert Ultracut E ultramicrotome were stained with uranyl acetate and lead

citrate, and observed in a Zeiss CEM-900 electron microscope.
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RESULTS

Antimicrobial susceptibility

The activity of the copaiba oils against Gram-positive bacteria using the microdilution
technique is reported in Table 1. The in vitro antimicrobial activity was classified according to
MIC values as follows: MIC < 100 pg/ml, good; 100 < MIC < 500 pug/ml, moderate; 500 <
MIC > 1000 pg/ml, weak; MIC > 1000, inactive. Copaiba oils obtained from C. martii, C.
officinalis and C. reticulata (collected in Acre) exhibited good antibacterial activity against
Gram-positive bacteria, including MRSA, with a MIC range of 62.5 — 125 pg/ml. In contrast,
all oils tested were inactive against Gram-negative bacteria. Results of antifungal activity
showed that oils from C. paupera and C. lucens exhibited moderate activity against 7. rubrum
and M. canis, and those from C. cearensis, C. langsdorffii and C. multijuga showed moderate
activity only against 7. rubrum (MIC = 250 - 500 pg/ml). Copaiba oils were inactive against
T. mentagrophytes, M. gypseum or yeasts. The solvent DMSO and the Petrolatum oil
(NUJOL), used as an indifferent oil, showed no effect on the growth of microorganisms (data
not shown). The MICs of the reference drugs used in this study (tetracycline, vancomycin,
penicillin, oxacillin, nystatin, fluconazole, and amphotericin B) were similar to those reported
elsewhere. The times needed by the copaiba oil from C. martii to kill S. aureus are shown in
Fig. 1. Analysis of the time-kill curves showed that after 3 h of treatment with copaiba oil at
2.0 X MIC, no viable cells remained. Furthermore, a steep decline in CFU/ml was observed
after 6 h exposure when treated with 1.0 X MIC treatment. The concentration 0.5 X MIC
showed a bacteriostatic effect and a regrowth after 9 h of treatment. Concentrations = 0.25
and 0.12 X MIC did not show activity. The time-kill curve of the same oil against MRSA was

similar to Fig. 1.
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Effect of copaiba oil from C. martii on the morphology and ultrastructure of S. aureus
Scanning and transmission electron microscopy analyses of untreated and treated S.
aureus were performed in order to determine morphological and ultra-structural changes
caused by at sub-inhibitory concentrations (31.5 and 50 pg/ml) C. martii oil for 3 h (Figs. 2
and 3). In scanning electron microscopy, untreated S. aureus appeared to have a regular,
smooth surface, spherical, and in grape-like clusters (Fig. 2A). Bacteria treated with sub-
inhibitory concentrations of the copaiba oil at 31.5 (Fig. 2B) and 50 pg/ml (Fig. 2C, D) during
3 h, showed lysed, and agglomerated cells. These morphological features in bacterial cells
may be due to the action on the cell wall followed by loss of cell volume. These data were
confirmed by transmission electron microscopy (Fig. 2F). Control cells demonstrated their
structural integrity with a thicker cell wall (Fig. 2E, 3A, and 3B). In addition, transmission
electron microscopy analyses of S. aureus treated with oil from C. martii showed the cell wall
being disrupted and damaged, resulting in a release of cytoplasmatic compounds (Fig. 3C),
loss of cell walls (Fig. 3D), alterations in morphology, and decrease in cell volume (Fig. 3E,

F, G, and H).
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DISCUSSION

There are more than 20 species of Copaifera genus in Brazil which they provide oils
differ significantly in chemical composition. The main constituents of these oils are
sesquiterpenes and diterpenes (Braga et al. 1998; Veiga-Junior et al. 2001). Although different
activities have been reported and a variety of substances have been identified, little is known
about the relationship between the structures and activity of the components (Tincusi et al.
2002). Sesquiterpenes comprise about 80% of the oils; the most common are a-copaene, 3-
cariofilene, B-bisabolene, a and B-selinene, a-humulene, and ¢ and y-cadidene (Veiga-Jinior
and Pinto 2002). The present study was designed to evaluate the antimicrobial activities of
copaiba oils obtained from several species of Copaifera. Copaiba oils obtained from C.
martii, C. officinalis and C. reticulata (collected in Acre) showed in vitro bactericidal activity
against a wide spectrum of Gram-positive organisms. This spectrum includes MRSA, for
which there are very few therapeutic alternatives (Samuelsen et al. 2005). Despite many
recent advances in antimicrobial therapy, resistance among Gram-positive pathogens
continues to pose a serious and growing clinical problem. Increasing resistance has created a
need for new antimicrobial agents. The major compounds of C. martii, C. officinalis, and C.
reticulata (Acre) are 3-alpha-hydroxy-copalic acid, hardwickiic acid, and a-copaene,
respectively (Veiga-Junior and Pinto 2002; Oliveira et al. 2006).

Variation in chemical composition is common among different species and even
among individual trees (Cascon and Gilbert 2000). For example, resin oils from C. reticulata
collected in Acre and Pard showed differences in activity against bacteria because of
differences of chemical composition.

Were considered in the present study prokaryotes (bacteria) and eukaryotes (yeasts

and dermatophytes). Copaiba oils showed good activity only against Gram-positive bacteria,
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and moderate activity against dermatophytes. B. subtilis was the most sensitive organism.
Interestingly enough, copaiba oils were active not only against a wild strain of S. aureus, but
also against MRSA. Morphological and ultrastructural alterations of the bacterium treated
with copaiba oils for 3 h, were revealed by scanning and transmission electron microscopy.
Cell wall disruption, release of cytoplasmatic compounds, and decrease in the cellular volume
were observed, indicating that the copaiba oil from C. martii might affect the cell wall.
Additionally, in the time-kill curve, copaiba oils showed good and rapid bactericidal activity
within 3 h. The observations from electron microscopy seemed to be well correlated with the
effects observed in the time-kill experiment.

In conclusion, the results of the present study suggest that copaiba oils may be
potential sources of new and selective agents for the treatment of important infectious
diseases. Further laboratory and clinical studies of these oils are required in order to

understand their antibacterial principles.
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Table I. Antimicrobial activity (MIC/MBC in pg/ml) of copaiba oil obtained from several species of Copaifera genus.

Oils/Ref antibiotic S. aureus MRSA B. subtilis S. epidermidis E. faecalis
C. reticulata (Pard) >1000/nt 1000/1000 250/250 1000/>1000 250/1000
C. reticulata (Acre) 62.5/62.5 125/250 31.25/31.25 62.5/62.5 62.5/62.5
C. martii 62.5/62.5 62.5/125 15.62/31.25 62.5/62.5 62.5/62.5
C. cearensis 250/1000 125/500 62.5/125 250/500 500/1000
C. paupera 250/1000 250/500 62.5/62.5 1000/1000 62.5/500
C. langsdorfii >1000/nt >1000/nt 62.5/62.5 >1000/nt >1000/nd
C. officinalis 62.5/62.5 125/250 31.25/31.25 31.25/31.25 31.25/62.5
C. multijuga 500/1000 125/250 125/125 1000/>1000 250/500
C. lucens 125/500 >1000/nt 125/250 250/1000 1000/1000
Penicillin 0.075/nt nt nt 10.0/nt 0.15
Vancomycin nt nt 0.78/nt nt nt
Oxacyline nt >500/nt nt nt nt

MIC = Minimal inhibitory concentration
MBC = Minimal bactericidal concentration
nt= not tested



Legends for figures

Fig. 1. Time-kill curve of Staphylococcus aureus treated with copaiba oil obtained from
Copaifera martii 4 control; A 0.12 MIC; m 0.25 MIC; @ 0.5 MIC; O 1.0 MIC; O 2.0

MIC

Fig. 2. Scanning electron microscopy and Transmission electron microscopy of
Staphylococcus aureus treated with copaiba oil obtained from Copaifera martii for 3 h at 37

°C. A and E Control; B and F 31.5 ug/ml treated; C and D 50 pug/ml treated. bars = 1 um

Fig. 3. Transmission electron microscopy of Staphylococcus aureus treated with copaiba oil
obtained from Copaifera martii for 3 h at 37 °C. A and B Control; C, E, F, G and H 31.5

pg/ml treated; D 50 pg/ml treated. bars A, C, E, F=1 um; B and D = 0.1 um
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ANEXO 2

Effect of Brazilian copaiba oils on Leishmania amazonensis
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Abstract. Leishmaniasis is an important public-health problem in Latin America. It is
estimated that at least 15-20 million people are infected, with 2 million new cases each year.
Re-emerging infectious diseases and the resistance of many pathogens to currently used drugs
are widely recognised as being of serious and immediate concern. There is an urgent need for
better drugs against Leishmania spp. Plants are clearly a potential source of new antiprotozoal
drugs. In the present study, copaiba oils from different species of Copaifera were screened for
their activity against Leishmania amazonensis. Copaiba oils showed variable levels of activity
against promastigote forms of L. amazonensis with 1Cso values in the range between 5 and 22
pg/mL. The most active oil was that from C. reticulata (collected in Pard State, Brazil) with
ICso values of 5, 15, and 20 pg/mL for promastigote, axenic amastigote and intracellular
amastigote forms of L. amazonensis, respectively. Cytotoxicity assay showed that this copaiba
oil obtained from C. reticulata showed low cytotoxicity against J774G8 macrophages. Based
on the results of the current study, copaiba oils appear to be a future alternative treatment for

leishmaniasis. These promising results will be followed up by in vivo testing.

Keywords: Copaifera, copaiba oil, Leishmania amazonensis, antileishmanial activity.
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1 Introduction

Plants provide a potential alternative source of therapeutic agents in the search for new
and selective agents for the treatment of tropical diseases caused by protozoa (Tiuman et al.,
2005; Izumi et al., 2008; Estevez at al., 2007; Osdério et al., 2007; Patrycio et al., 2008).

Brazil is well known for the exuberance and variety of its tropical plants. Many of
these plants are used as natural medicines by the native population, including to treat
infectious diseases. The value of searching for medicinal agents from plants based on
documented history of folk use has already been demonstrated (Souza Brito et al., 1993;
Alves et al., 2000).

Plants of the Copaifera L. genus (Fabaceae-Caesalpiniodeae), popularly known as
“copaiba”, are large trees that grow in the states of Amazonas, Pard, and Ceard in northern
Brazil (Paiva et al., 2004a). The exuded material from these trees, traditionally obtained by
tapping the trunk of the tree (Veiga Junior and Pinto, 2002) is called copaiba oil, a transparent
liquid whose color varies from yellow to light brown (Braga et al., 2000; Veiga Junior et al.,
2001). The main constituents of these oils are sesquiterpenes and diterpenes (Patitucci et al.,
1995).

Indians from the North and Northeast of Brazil have been using copaiba oil since the
19" Century (Lima et al., 2003). The medicinal properties of copaiba oils were probably
known through the observations of the animals rubbed themselves on copaiba tree trunks to
heal their wounds (Veiga Junior et al., 2001). Even today, copaiba balsam is one of the most-
used medicines in the Brazilian Amazon (Veiga Junior et al., 2007).

Copaiba oil has been used in folk medicine as an anti-inflammatory, antitumour,
antiblenorrhagea, and urinary antiseptic, as well as to treat bronchitis, skin diseases, ulcers,

and syphilis. It is also valued for its properties for healing wounds, gastroprotective,
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analgesic, wound-cicatrisation, antinociceptive, insect repellant, and antimicrobial (Gilbert et
al., 1999; Tincusi et al., 2002; Lima et al., 2003; Paiva et al., 2004 a,b; Aradjo-Junior et al.,
2005; Brito et al., 2005; Carvalho et al., 2005; Veiga Junior et al., 2006; Gomes et al., 2007).
Copaiba oil is also used in the cosmetic industry in capillary lotions, shampoos, soaps,
creams, and bathing foams (Veiga Junior et al., 2001). The use of copaiba oils to treat
leishmaniasis is cited in several etnopharmacological studies with data obtained from the
Western, at Peru (Kvist et al., 2006), Eastern, at the Maranhdo State of Brazil (Moreira et al.,
2002), and Northern Amazonia, at French Guiana (Fleury, 1997; Grenand and Moretti, 1987).

Leishmania is a protozoan parasite responsible for several pathologies collectively
known as leishmaniasis, an important public-health problem in Latin America (Sereno et al.,
2007). It is estimated that 2 million new cases occur each year, with at least 15-20 million
infected people. (WHO, 2008). The pathology is manifested in visceral, mucocutaneous, or
cutaneous forms (Paris et al., 2004).

There are no vaccines against leishmaniasis, and its treatment is dependent upon a
limited range of drugs (Desjeux, 2004; Croft et al., 2006; Sereno et al., 2007). The drugs
recommended for treatment include pentavalent antimonials, amphotericin B, lipid
formulations of amphotericin B in the case of visceral leishmaniasis, and miltefosine, the only
orally administered drug (Paris et al., 2004; Alnaim et al., 2007). All of these drugs are
limited to some extent by their toxicity, lack of efficacy, requirement for hospitalisation, or
cost (Davis et al., 2004; Croft et al., 2006; McConville and Handman, 2007).

The re-emerging infectious diseases and the resistance of many pathogens to currently
used drugs are widely recognised as being of serious and immediate concern. There is an
urgent need for better drugs against Leishmania spp. (Carvalho and Ferreira, 2001; Camacho
et al., 2003; Leandro and Campino, 2003). Plants are clearly a potential source of new

antiprotozoal drugs (Tiuman et al., 2005; Izumi et al., 2007; Estevez et al., 2007; Osorio et al.,
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2007; Patrycio et al., 2008). Studies to find new natural active compounds from traditional
medicine are necessary.

In this context, copaiba oils were investigated, and it was found that oils from different
Copaifera species collected in Brazil were active against promastigote and amastigote forms

of Leishmania amazonensis.
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2 Materials and methods

2.1 Plant material

Copaiba oils were collected from the trunks of the Copaifera trees. Copaifera
multijuga Hayne was located at Manaus, Amazonas State; C. officinalis Jacq. was located at
Boa Vista, Roraima State; and C. reticulata Ducke was located at Belém, Pard State.
Specimens of all three plants were deposited in the Herbarium of the Instituto Nacional de
Pesquisas da Amazdnia (INPA-Manaus) under the numbers INPA 82,418; 61,212 and 61,212,
respectively. Another C. reticulata Ducke had its copaiba oil collected, located at Tarauaca,
Acre State (RB 359.606). C. lucens was collected in Rio de Janeiro (RB 348.717); C.
langsdorfii Desf. was collected at Campinas, Sdo Paulo (RB 344.931); and C. paupera Dwyer
was collected at Tarauacd, Acre (RB 359.599). Specimens of these four species are deposited
in the Herbarium of the Jardim Botanico do Rio de Janeiro (JBRJ-Rio de Janeiro). C. martii
was collected at Tapara, Pard (DC 349), and the sample was deposited in the Herbarium
Chico Mendes (Maricd, Rio de Janeiro). C. cearensis Huber was collected in Minas Gerais
(SP 55.425), and the sample was deposited in the Herbarium of the Instituto de Botanica da

Universidade of Sao Paulo (IB-USP).

2.2 Chromatographic analysis

High-resolution gas chromatography (HRGC) analyses of the copaiba oils were
carried out with a Hewlett-Packard (HP) model 5890 instrument equipped with a flame
ionisation detector (300 °C). Samples were esterified with freshly prepared diazomethane and

injected using the split mode (1:20) with the injector temperature at 270 °C. High-resolution



69

gas chromatography-mass spectrometry (HRGC-MS) analyses were performed by using a
Hewlett-Packard model 5880 (quadrupole analyser), operated in the electron impact mode (70
eV), coupled to a Hewlett-Packard model 5897A mass spectrometer. In both analyses, was
used a SE-54 capilary glass column: 25 m x 0.25 mm i.d., film thickness 0.25 pm; high-purity
hydrogen at 2 mL/min, and the oven temperature was programmed from 110 to 130 °C at 3
°C /min and (no hold) to 290 °C at 8.5 °C /min.

Retention indices (RI) were calculated using co-chromatographed standard linear
alkanes. Sesquiterpene identifications were made by comparison with MS literature data,
computer matching with the Wiley275 library, and by comparison of their RI values with
those of pure standards, and confirmed with the aid of RI from published sources whenever
necessary (Adams, 2007). Diterpenes were identified by comparing retention times and
spectrometric data from the analysed samples with previously isolated standards (Braga et al.,

2000).

2.3 Preparation of stock solution

Each 10 mg of copaiba oil of different species of Copaifera was solubilised in 100 puL
dimethyl sulphoxide (DMSQO), and then 900 pL of appropriate culture medium was added to
obtain a final concentration of 10 mg/mL. The stock solutions were then diluted at different
concentrations for the experiments, where the highest copaiba oil concentration used was
1,000 pg/mL. The final concentration of DMSO never exceeded 1.0% in the test media, a

concentration which had no effect on growth of parasites or cells.
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2.4 Parasites and cells

The Leishmania amazonensis MHOM/BR/75/Josefa strain used in the present study
was isolated from a patient with diffuse cutaneous leishmaniasis by C. A. Cuba-Cuba
(Universidade de Brasilia, Brazil). Promastigotes were cultured at 25 °C in Warren’s medium
(brain heart infusion plus haemin and folic acid) pH 7.0, supplemented with 10% heat-
inactivated fetal bovine serum (FBS) (Gibco Invitrogen Corporation, New York, U.S.A.) in a
tissue flask with weekly transfers. Axenic amastigote forms were obtained by in-vitro
incubation of infective promastigotes (Ueda-Nakamura et al. 2001), at 32 °C in Schneider’s
insect medium (Sigma Chemical Co., St. Louis, Missouri, U.S.A), pH 4.6, with 20% FBS.
J774G8 murine macrophages were maintained in tissue flasks with RPMI 1640 medium
(Gibco Invitrogen Corporation, New York, U.S.A.) pH 7.6, with sodium bicarbonate and L-

glutamine added, and supplemented with 10% FBS at 37 °C in a 5% CO, — air mixture.

2.5 Activity against promastigote and axenic amastigote forms

The assays were carried out in 24-well microtitre plates. Promastigotes from a 48-h-
old logarithmic-phase culture were suspended to yield 10° cells/mL and treated with copaiba
oils from different Copaifera species. The oil concentrations used were 1, 10, 100, and 1,000
png/mL. Control wells containing cultures without copaiba oil were also included. Plates were
incubated at 25 °C for 72 h. The activity of the oils was evaluated by cell counting using a
Neubauer haemocytometer. The 50% inhibitory concentration (ICsy) was determined.

Promastigote and axenic amastigote forms of L. amazonensis in the logarithmic
growth phase (10° parasites/mL) were treated with C. reticulata (collected in Pard). Copaiba

oil assays were performed in 24-well microtitre plates and incubated at 25 °C. Activity of the
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copaiba oil was evaluated by cell counting using a Neubauer haemocytometer, and the results

are expressed as log number cells/ml after 24, 48, 72, and 96 h incubation periods.

2.6 Activity against intracellular amastigotes

BALB/c mice received 5% thioglycolate medium. After 72 h, resident peritoneal cells
from the mice were harvested in RPMI 1640 medium (Gibco Invitrogen Corporation, New
York, U.S.A.) pH 7.6. Cells were plated on coverslips (diameter 13 mm) in 24-well plates and
allowed to adhere for 24 h at 37 °C in 5% CO, atmosphere. Next, macrophages were infected
in multiples of 10 promastigotes per host cell and were incubated at 37 °C in 5% CO,
atmosphere. After 24 hours, infected macrophages were treated with copaiba oil from C.
reticulata (collected in Pard). The concentrations used were 10, 20, and 30 pg/mL. After 24 h,
the monolayers were washed with PBS at 37 °C, fixed in methanol, and stained with Giemsa.
The number of amastigotes was determined by counting at least 200 macrophages in duplicate
cultures, and results were expressed as the survival index. The survival index was obtained by
multiplying the percentage of infected macrophages by the number of amastigotes per

infected macrophage.

2.7 Cytotoxicity assay

Adherent J774G8 macrophage cells at the logarithmic growth phase were suspended
to yield 10 cells/mL in RPMI 1640 medium supplemented with 10% FBS and added to each
well in 96-well microtitre plates. The plates were incubated in a 5% CO,—air mixture at 37 °C
to obtain confluent cell growth. After 24 h, the medium was removed. The cells were treated

with copaiba oils from C. reticulata (collected in Pard). The concentrations used were 1, 10,



72

100, and 1,000 pg/mL. Control wells without copaiba oil were included. The plates were
incubated in a 5% CO,—air mixture at 37 °C for 48 h. The cultures were then fixed with 10%
trichloroacetic acid for 1 h at 4 °C, stained for 30 minutes with 0.4% sulforhodamine B (SRB)
in 1% acetic acid and subsequently washed 5 times with deionised water. Bound SRB was
solubilised with 200 uL. 10 mM unbuffered Tris—base solution. Absorbance was read at 492
nm. Dose-response curves were plotted (values expressed as percentage of control optical
density) and CCsy values (50% cytotoxicity concentration) were estimated by regression

analysis.

2.8 Statistical analysis

All experiments were performed in duplicate. The means and standard deviations were
determined from at least three experiments. Statistical analysis was performed with the
program GraphPad Prism 4 (GraphPad Software, San Diego, California, U.S.A.). Student's ¢

test was applied, and a p value less than 0.05 was regarded as significant.
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3 Results and Discussion

In the present study, copaiba oils from different Copaifera species were screened for
their activity against L. amazonensis. The in-vitro antiprotozoal activity and the main
constituents of the oils are shown in Table 1. All copaiba oils showed some level of activity
against the promastigote form of L. amazonensis with ICsg values in the range between 5 and
22 pug/mL. Student's ¢ test (p < 0.05) indicated significant differences between these oils
compared to the control group.

The biological properties of Copaifera spp. are attributed to a group of sesquiterpenes
and diterpenes (Fernandes et al., 2007), some of than occuring only in Copaifera spp. (Cascon
and Gilbert, 2000). The main sesquiterpenes and diterpenes can be observed in Table 1. The
most common sesquiterpenes are B-caryophyllene, a-copaene, zingiberene, -bisabolene, and
bergamotene. The main diterpenes are kaurenoic, hardwichiic, kovalenic, polyalthic, and
copalic acid (this last is considered a characteristic diterpene of the genus Copaifera). The
biological effect of copaiba oils may be explained by the complex nature of the sesquiterpene
and diterpene mixture that might interfere with the active component by a synergistic effect,
as suggested in a previous report that showed that fractionation of copaiba oils results in
fractions that are less active than the crude copaiba oil (Lima et al., 2003).

The most active copaiba oil was that from C. reticulata (collected in Pard), showing
an ICsyp value of 5 and 15 pg/mL for promastigote and axenic amastigote forms of L.
amazonensis after 72 h of incubation, respectively (Figure 1A and 1B). All results were
significant at p < 0.05 as compared to the control group, by Student’s ¢ test. The effect of the
copaiba oil on intracellular amastigotes was observed during 24 h of incubation (Figure 2). C.
reticulata (collected in Pard) demonstrated a strong effect against intracellular amastigotes,

with an ICsy value of 20 pg/mL. The internalisation index was calculated as 274 for 10
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pg/mL, 222 for 20 pug/mL, and 201 for 30 pg/mL, which represents a decrease of 35.4%,
47.7%, and 52.6% respectively as compared to the control. Association indexes of copaiba
oil-treated systems were significantly different from the association index of non-treated
macrophages. Of our samples, C. reticulata copaiba oil is characterised by the great
predominance of [-caryophyllene. The inhibitory effect of this oil on growth of L.
amazonensis might be partialy linked to the presence of this component since C. multijuga
copaiba oil showed to be a higher amount of this sesquiterpene. B-caryophyllene has been
mentioned in studies of several essential oils as an anti-inflammatory, anti-oedemic, local
anaesthetic, antimicrobial, and anti-oxidant agent (Shimizu et al., 1990; Ghelardini et al.,
2001; Sahin et al., 2004).

The cytotoxicity of copaiba oil from C. reticulata (collected in Pard) on J774GS8
macrophage cells was compared with the activity against promastigotes and axenic
amastigotes of L. amazonensis, by using the selective index (SI) (ratio: CCsy J774GS8
cells/ICsy protozoa). A value greater than 1 is considered to be more selective for the parasite.
C. reticulata (collected in Pard) is more toxic to promastigotes (8 times) and amastigotes (2.5
times) than to J774G8 macrophages. Previous studies have demonstrated that the copaiba oil
from C. reticulata did not alter the viability of peritoneal macrophages at a concentration of
500 pg/mL (Veiga Junior et al., 2007). In addition, treatment with copaiba oil at 500 mg/kg
from C. reticulata and C. multijuga did not induce behavioural alterations and caused no
lesions or bleeding in stomachs of mice (Gomes et al., 2007).

Ethnopharmacological investigations of medicinal plants have great potential for the
discovery of new agents to combat tropical infectious diseases. The biological activity of
plant extracts has been attributed to compounds belonging to diverse chemical groups, such as
isoquinoline alkaloids, indole alkaloids, quinones, and terpenes (Rates, 2001; Anthony et al.,

2005). Natural compounds have been identified for the treatment of leishmaniasis, and
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research on plants and their metabolites can contribute to overcome the drug resistance of

protozoan parasites.
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4 Conclusion

In this study, 8 different kinds of Brazilian copaiba oils obtained from different species
of Copaifera were screened for antileishmanial activity. All the oils showed variable levels of
activity against L. amazonensis, with C. reticulata (collected in Pard) showing the strongest
antileishmanial activity. Based on the results of the current study, copaiba oils appear to be a
future alternative treatment for leishmaniasis. These promising results will be followed up by

in vivo testing.
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Legends for Figures

Figure 1. Effects of Copaifera reticulata (collected in Pard) on the growth curves of
promastigote (1A) and axenic amastigote (1B) of L. amazonensis. The results are from three
experiments in duplicate. The bars indicate standard deviations. All results were significant at

p <0.05 (compared to the control group, Student’s ¢ test).

Figure 2. Effects of Copaifera reticulata (collected at Pard) on L. amazonensis—cell
interaction. Peritoneal macrophage cells were infected with promastigotes of L. amazonensis
and then treated with 10, 20 or 30 ug/mL of copaiba oil. Each bar represents the mean +

standard error of at least three independent experiments, which were performed in duplicate.
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Table 1. Correlation of values of ICsy for promastigotes of L. amazonensis with the
percentage of sesquiterpene and diterpene content in copaiba oils from different

species of Copaifera.

Oleoresins I1Cso Main % Total Main acid % Total
(ng/mL)* sesquiterpenes sesquiterpene diterpenes diterpene
content (%) content (%)
C. reticulata (Para) |5 +0.833 o-copaene 3.0 78.2 copalic 2.4 21.8
bergamotene 4.1 kaurenoic 3.9
B-caryophyllene 40.9
C. reticulata (Acre) | 22 £0.044 |a-copaene 251 68.2 copalic 7.7 31.8
B-caryophyllene 131 kaurenoic 7.5
hardwickiic 6.9
C. martii 14 £0.997 |B-bisabolene 10.7 37.7 kaurenoic 7.9 62.3
zingiberene 7.2 kovalenic 29.0
C. cearensis 18 £0.012 |B-caryophyllene 19.7 76.5 hardwickiic 6.2 23.5
a-copaene 8.2 copalic 2.1
C. paupera 11 £0.455 |B- bisabolene 20.2 455 kaurenoic 13.3 54.5
a-zingiberene 19.4 copalic 6.1
C. langsdorfii 20 £0.868 |B-caryophyllene 32.8 40.4 kaurenoic 44.3 59.6
copalic 5.6
hardwickiic 8.2
C. officinalis 20 £0.405 |B-caryophyllene 8.5 22.7 hardwickiic 30.7 77.3
copalic 13.9
C. multijuga 10 £0.857 |B-caryophyllene 57.5 85.5 copalic 6.2 14.5
C. lucens 20 £0.956 |B-caryophyllene 1.8 18.6 polyalthic 69.8 81.4
copalic 11.1

*Student's ¢ test (p < 0.05) indicated significant differences between these oils compared to
the control group. Values represent the mean + S.D. of at least two experiments performed in
duplicate
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ANEXO 3

RESULTADOS COMPLEMENTARES

Andlise do efeito do 6leo de copaiba extraido da espécie Copaifera reticulata
(coletado no Pard) na morfologia e ultra-estrutura das formas promastigotas e amastigotas de
L. amazonensi, foi realizada por microscopia fotdnica comum, e microscopia eletronica de
varredura e de transmissdo. Alteracdes no tamanho, na forma e na estrutura do protozodrio
foram constatadas em relacdo ao controle utilizando as técnicas de microscopia fotOnica
comum (Figuras 1 e 2) e confirmadas com observagdes ao microscopio eletrdnico de
varredura (Figuras 4 e 5). O efeito do 6leo da copaiba na inibi¢do da proliferacdo de formas
amastigotas intracelulares pode ser evidenciado através da Figura 3. Dados complementares
foram obtidos com a técnica de microscopia eletronica de transmissao (Figuras 6 e 7). Dentre
as alteracdes observadas destaca-se: alteracdes na membrana plasmatica, presenga de duplo
flagelo, membranas concéntricas (figuras de mielina), vacuolizagdo citoplasmatica mdltipla e

intensa atividade exocitica na regido da bolsa flagelar.
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Figura 1: Microscopia Fotonica Comum de L. amazonensis cultivada em meio de Warren. Promastigotas ndo
tratadas (A); Tratadas com 6leo de C. reticulata 10 pg/ml - ICsq — (B); Tratadas com 6leo de C. reticulata 80
pg/ml - ICy, - (C). Bars = 5 um.

Figura 2: Microscopia Fotonica Comum de L. amazonensis cultivada em meio de Schneider. Amastigotas ndo
tratadas (A); Tratadas com 6leo de C. reticulata 15 pg/ml - 1Csy — (B); Tratadas com 6leo de C. reticulata 75
pg/ml - ICqq - (C). Bars =5 um.

Figura 3: Microscopia Fotonica Comum da interacdo de formas promastigotas de L. amazonensis com
macréfagos J774GS8. Controle de células infectado (A). Amastigotas intracelulares tratadas com 6leo de C.
reticulata 10 pg/ml (B e C). Bars =5 pm.



Figura 4: Microscopia Eletronica de Varredura de L. amazonensis cultivada em meio de Warren.
Promastigotas ndo tratadas (A); Tratadas com 6leo de C. reticulata 10 pg/ml - 1Cso — (B, C, D);
Tratadas com 6leo de C. reticulata 80 pg/ml - ICq, - (E, F, G e H). (Bars = 1 um)
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Figura 5: Microscopia Eletronica de Varredura de L. amazonensis cultivada em meio de Schneider . Amastigotas
ndo tratadas (A); Tratadas com 6leo de C. reticulata 15 pg/ml - ICso — (B, C e D); Tratadas com 6leo de C.
reticulata 75 png/ml - ICy - (E e F). Bars = 1 pm.



Figura 6: Microscopia Eletronica de Transmissdo L. amazonensis cultivada em meio
de Warren. Promastigotas ndo tratadas (A); Tratadas com C. reticulata 10 pg/ml -
IG5y — (B e C); Tratadas com C. reticulata 80 pg/ml - ICqy - (D, E, F, G e H). m,
mitocdndria; fp, bolsa flagelar; f, flagelo; n, nicleo; k, cinetoplasto; *, vactolos.

(Bars =1 um).
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Figura 7: Microscopia Eletronica de Transmissdo L. amazonensis cultivada em meio de Schneider
Amastigotas ndo tratadas (A); Tratadas com C. reticulata 15 pg/ml - 1Csy — (B,C); Tratadas com C.
reticulata 75 ng/ml - ICyy - (D,E,F,G e H). m, mitocondria; fp, bolsa flagelar; f, flagelo; n, nicleo; k,
cinetoplasto; *, vactolos. (Bars = 1 pm)
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CONCLUSOES

O o6leo da copaiba obtido das espécies Copaifera martii, C. officinalis e C. reticulata
(coletada no estado do Acre) apresentaram significativa inibi¢do do crescimento das
bactérias Gram-positivas: Staphylococcus aureus incluindo as meticilina-resistente,

Staphylococcus epidermidis, Bacillus subtilis, e Enterococcus faecalis;

Os testes para atividade antiftingica revelaram que os 6leos das espécies C. paupera e C.
lucens apresentaram moderada atividade contra Trichophyton rubrum e Microsporum
canis. Por sua vez, C. cearensis, C. langsdorfii, e C. multijuga mostraram moderada
atividade somente contra 7. rubrum. Todavia, nenhum 6leo testado no presente estudo
inibiu o crescimento dos fungos 7. mentagrophytes, M. gypseum, bactérias Gram-

negativas e leveduras.

Andlises da curva do tempo de morte realizada com S. aureus meticilina-sensivel e S.
aureus meticilina-resistente (MRSA) revelaram que o decréscimo da viabilidade de ambas

espécies foi observado a partir de 3 h de tratamento com o 6leo obtido de C. martii.

Alteracdes morfoldgicas e ultraestruturais de S. aureus tratado com 6leo de C. martii
foram visualizadas por microscopia eletronica de varredura e microscopia eletrdnica de
transmissdo. Dentre as alteragdes observadas, destacam-se os rompimentos e danos na
parede celular, com conseqiiente liberagdo do material citoplasmadtico. As alteracodes

indicam que o 6leo da copaiba pode ter efeito sobre a parede celular.
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e Todas as espécies de Copaifera estudadas foram ativas na inibi¢do do crescimento de
formas promastigotas de Leishmania amazonensis. O 6leo mais ativo na inibicdo do

crescimento dessas formas foi o obtido a partir de C. reticulata (coletado no Pard).

e Testes de citotoxicidade em macrofagos J774G8 comprovaram que o 6leo da copaiba
obtido da espécie C. reticulata (coletado no Pard) apresenta concentracdes toxicas

superiores aquelas demonstradas em promastigotas de L. amazonensis.

e Ensaios da atividade do 6leo C. reticulata (coletado no Pard) sobre amastigotas ax€nicas e
intracelulares mostraram que o 6leo da copaiba inibe o crescimento de ambas as formas

do parasita.



