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RESUMO

Produtos naturais a base de plantas medicinais vém sendo estudados ao longo dos
anos e a constatacdo de sua eficdcia tem sido demonstrada por pesquisadores de todo mundo. As
micoses constituem um sério problema, especialmente em lugares de clima tropical e subtropical,
sendo os dermatoéfitos e as Candida spp os agentes mais freqiientes destas enfermidades. Os
objetivos deste trabalho foram avaliar a atividade antifiingica dos 6leos essenciais da Lippia
sidoides, Croton zenhteneri, Croton argyrophylloides e Croton nepetaefolius, bem com de seus
principais constituintes contra cepas de Microsporum canis, Trichophyton mentagrophytes var.
mentagrophytes e Candida spp.; determinar os constituintes majoritarios; sintetizar derivados
metilados a partir do eugenol e timol; testar a atividade antifingica in vitro dos constituintes
majoritarios dos 6leos e seus derivados metilados; e testar a atividade antifingica in vivo do 6leo
essencial da L. sidoides. Para tanto, as plantas foram coletadas e identificadas. Posteriormente os
Oleos essenciais foram obtidos e seus constituintes analisados por cromatografia de gis e
espectrometria de massa. As cepas flngicas foram recuperadas da micoteca do Centro
Especializado em Micologia Médica e a viabilidade das mesmas foi avaliada através de testes
laboratoriais. A atividade antifingica foi averiguada pelo método de difusdo em dgar e
microdilui¢do em caldo. Os 6leos essenciais obtidos do C. nepetaefolius e do C. argyrophylloides
demonstraram atividade apenas contra o M. canis (CIM > 5.000 ug ml" ¢ CIM variando de 9 a
19 pug ml™, respectivamente) enquanto que os 6leos essenciais do C. zehntneri e da L. sidoides
foram efetivos contra todos os fungos testados, apresentando dose-dependéncia. O 6leo essencial
da L. sidoides apresentou melhor atividade antifingica que os 6leos essenciais das espécies de
Croton com CIM variando de 4 a 10 pg ml! para cepas de M. canis e CIM variando de 620 a
2.500 ug ml" para cepas de Candida spp. Nas maiores concentracdes testadas, o 6leo essencial da
L. sidoides inibiu completamente o crescimento dos fungos. A toxicidade aguda de todos os 6leos
essenciais até 3 g/kg por via oral foi desprovida de qualquer toxicidade. Desta forma, devido a
alta eficdcia e a baixa toxicidade, os Oleos essenciais das espécies de Croton e da L. sidoides
constituem fontes importantes de compostos antifiingicos que podem ser tteis no tratamento de

micoses em animais.
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ABSTRACT

Natural products from medicinal plants have been studied over the years and many
have been found to be effective by researchers throughout the world. Mycoses are a serious
problem, especially in tropical and subtropical regions. Dermatophytes and species of Candida
spp are the most frequent causes of these ailments. The aim of this study was to examine the
antifungal activity or the essential oils of Lippia sidoides, Croton zenhteneri, Croton
argyrophylloides and Croton nepetaefolius, as well as of their main constituents, against strains
of Microsporum canis, Trichophyton mentagrophytes var. mentagrophytes and Candida spp.; to
determine the majority constituents of these oils; to synthesize methylated derivatives from
eugenol and thymol; to test the antifungal activity in vitro of the majority constituents of the oils
and their methylated derivatives; and to test the antifungal activity in vivo of the essential oil of L.
sidoides. After collecting and identifying the plants, we obtained the essential oils and identified
their constituents by gas mass spectrometry. The fungal strains were obtained from the collection
of the Specialized Medical Mycology Center and their viability was evaluated by laboratory tests.
The antifungal activity was ascertained by diffusion in agar and microdilution in broth. The
essential oils of C. nepetaefolius and C. argyrophylloides demonstrated activity only against M.
canis (MIC > 5.000 ug ml" and CIM ranging from 9 - 19 ug ml”, respectively), while the
essential oils of C. zehntneri and L. sidoides were effective against all the fungi tested, showing
dose dependence. The essential oil of L. sidoides was the most potent of the oils of the Croton
species with MIC ranging from 4 - 10 ug ml"' for M. canis and MIC ranging from 620 - 2.500 ug
ml" for Candida spp. At the highest concentrations tested, the essential oil of L. sidoides
completely inhibited the growth of the fungi. There was no acute toxicity of any of the essential
oils up to 3 g/Kg administered orally. Therefore, due to the high efficacy and low toxicity, the
essential oils of the Croton and L. sidoides species can be important sources of antifungal

compounds that can be useful in treating mycoses in animals.
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1 INTRODUCAO

A fitoterapia pode ser historicamente definida como a ciéncia que trata dos problemas
de saude utilizando os vegetais (fitocomplexos), sendo contemporanea ao inicio da civilizagao.
As plantas sdo tradicionalmente usadas por populacdes de todos os continentes no controle de

doencas e pragas desde a antigiiidade até os dias atuais.

No Brasil, o comércio de ervas medicinais comecou com os indios e, atualmente, em
qualquer cidade, é possivel comprar plantas, pds e ungiientos em mercados e também nas ruas.
Essa alternativa € utilizada tanto dentro de um contexto cultural, na medicina popular, quanto na
forma de fitoterdpicos, pelo fato de essas plantas serem fontes importantes de produtos naturais
biologicamente ativos, muitos dos quais constituem modelos para a sintese de um grande nimero
de farmacos, revelando nestes produtos alta diversidade em termos de estrutura e de propriedades

fisico-quimica e bioldgica.

Os oOleos essenciais obtidos de diversas plantas tém ganhado popularidade e
despertado interesse de pesquisadores de todo o mundo. Na medicina tradicional, muitos éleos
essenciais t€ém apresentado atividade contra fungos patdgenos, por essa razdo, pesquisas nesta
area que comprovem esta atividade de acordo com protocolos cientificos modernos e adequados

tornam-se cada vez mais necessarias.

Os fungos sdo microrganismos que constituem um grupo diversificado e abundante
na natureza, fazendo parte de varios nichos no ambiente, incluindo a microbiota de homens e
animais. S3o caracterizados por estruturas unicelulares ou multicelulares e classificados de
acordo com sua morfologia em filamentosos, leveduras e dimoérficos. Na clinica veterindria de
pequenos animais, os fungos patogénicos mais freqiilentemente isolados sdo os filamentosos,
especialmente os dermatdfitos, seguidos das leveduras. As doencas infecciosas causadas por
fungos constituem um problema critico para a satide publica, especialmente em regides tropicais

e subtropicais em desenvolvimento



Nos tltimos anos, tem ocorrido um aumento de pesquisas por novos compostos com
atividade antifingica. Isso tem acontecido, principalmente, pelos vérios efeitos colaterais ligados
a terapia e pela resisténcia de cepas fingicas ao limitado arsenal de farmacos utilizados para o

tratamento destas infecgdes.

Na regido da Caatinga, no Nordeste brasileiro, diversas espécies de Crotons sio
utilizadas pela medicina tradicional. Algumas atividades farmacoldgicas destas plantas tém sido
comprovadas, tais como: atividade antimicrobiana do C. nepetaefolius e C. zenhtenri. Atividade
larvicida contra Aedes aegypti nos Oleos essenciais do C. zenhtneri, C. nepetaefolius, C.
argyrophylloides e C. sonderianus. Lippia sidoides, planta que também € encontrada no Nordeste
brasileiro, é utilizada como antiséptivo tépico natural e estudos anteriores t€m registrado

atividade antimicrobiana, in vitro, bem como efeito larvicida contra Aedes aegyptii.

No entanto, para uma investigacao eficiente da atividade de plantas e seus principais
compostos contra espécies de dermatofitos e leveduras, faz-se necessdria a realizagao de testes de
sensibilidade in vitro, correlacionando com resultados in vivo. Nesta tese foi realizada analise da
atividade antifingica dos dleos essenciais do Croton zenhtneri, Croton nepetaefolius, Croton
argyrophylloides e da Lippia sidoides contra os dermatéfitos Microsporum canis e Trychophyton

mentagrophytes, e as leveduras Candida albicans e Candida tropicalis, oriundas de animais.



2 REVISAO BIBLIOGRAFICA

2.1 Plantas medicinais

2.1.1 Importancia das plantas medicinais

O uso de produtos naturais com propriedades terap€uticas € tdo antigo quanto a
civilizacdo humana e, por um longo tempo, minerais, plantas e produtos animais foram as
principais fontes de drogas (Bajpai et al., 2008). O documento médico mais antigo conhecido é
sumeriano e data de 4.000 anos atrds. Este documento menciona remédios a base de plantas
utilizados no tratamento de diversas doencas (Morais & Braz-Filho, 2007). O papiro de Ebers,
espécie de farmacopéia faradnica, escrita em torno em 1.550 a.C., j4 se referia aos medicamentos
de origem vegetal e mencionava cerca de 700 remédios, entre eles, o bulbo da cila, o dleo de
ricino e a genciana (Gurgel et al., 2005). Os egipcios ja faziam uso medicinal dos vegetais, e
algumas das espécies que eles utilizavam continuam sendo empregadas até os dias de hoje, tais
como: Papaver somniferum (papoula), Scilla maritima (scila), Aloe vera (babosa) e Ricinus
communis (6leo de ricino) (Lavabre, 1993; Motsei et al., 2003; Yayli et al., 2005; Magwa et al.,
2006; Morais & Braz-Filho, 2007; Abdelgaleil et al., 2008).

As plantas medicinais s@do um importante elemento da medicina indigena. Na
Amazobnia, por exemplo, os indios usam, pelo menos, 1.300 espécies de plantas. No Sudeste da
Asia, os curadores tradicionais utilizam 6.500 plantas diferentes para tratar maldria, dlceras de

estdmago, sifilis e outras doengas (Morais & Braz-Filho, 2007).

Das drogas prescritas mundialmente, cerca de 25% provém de plantas, 121 dos
compostos ativos sdo de uso corriqueiro. Das 252 drogas consideradas como bdsicas e essenciais
pela Organizacao Mundial de Sadde, 11% s@o exclusivamente origindrias de plantas, como, por
exemplo: digoxina de Digitalis spp, vincristina de Catharanthus roseus, entre outras (Rates,

2001). Para enfatizar o beneficio de certas plantas com propriedades medicinais, basta recordar



que o principio ativo do comprimido simbolo da alopatia, a aspirina, 4cido acetil-salicilico
(AAS), foi sintetizada por Gilm, em 1859, baseado na salicina, substancia ativa de Salix alba L.

(Calixto et al., 2000; Morais & Braz-Filho, 2007).

A automedica¢do “milagrosa” com plantas medicinais, a qual chegou ao extremo de
substituir terapias tradicionais em doencas graves, € prdtica bastante utilizada tanto em
populacdes de baixa renda, como tunico lenitivo para seus males, bem como nas camadas mais
privilegiadas que gozam de facilidade sanitdria e pronto atendimento médico, somente por puro
modismo ou sob influéncia de grande exploracdo comercial. Assim, € necessaria extrema atencao
ao uso ndo controlado das plantas medicinais e seus devidos estudos de toxicidade para garantir o

uso sem riscos na espécie humana (Dikbas et al., 2008).

A grande biodiversidade de espécies vegetais presentes no Brasil constitui uma de
suas maiores riquezas e se destaca como fonte para obtencao de novas substancias com finalidade
terapéutica (Kordali et al., 2008). A utilizacdo de plantas no tratamento de diversas enfermidades,
infecciosas ou nao, €, na pratica, bastante utilizada (Maciel & Viana, 2005), visto que o Brasil
possui sérios problemas de satide publica, principalmente na regido Nordeste, em razdao do baixo
poder aquisitivo de grande parte da populacdo local. O alto custo dos remédios torna-os
inacessiveis até mesmo nos mais simples casos, como dores agudas e/ou cronicas, febres e gripes.
Portanto, o uso popular das plantas medicinais foi o primeiro passo para o desenvolvimento de
novos agentes terapéuticos de baixo custo para uma regido tio carente de recursos financeiros e,
por outro lado, tao rica em flora, conquanto retine milhares de espécies vegetais distintas (Rabelo,

2003).

Apesar do aumento dos estudos sobre plantas medicinais, somente de 15% a 17%
foram estudadas quanto ao seu potencial medicinal. Considerando a grande biodiversidade do
Nordeste brasileiro, esse nimero poderia ser bem maior (Almeida et al., 2006). No Ceara,
inimeras pesquisas vém sendo desenvolvidas com o objetivo de comprovacdo cientifica de
produtos naturais extraidos de plantas utilizadas pela medicina tradicional, dentre os quais citam-
se os trabalhos de Oliveira (2001), Lahlou et al. (2000), Bertini et al. (2005), Morais et al. (2006),
Almeida et al. (2006) e Botelho et al. (2007).



E vilido ressaltar, contudo, que a planta dita medicinal, muitas vezes, chega as maos
do usudrio despojada de qualquer informacdo fidedigna, visto que hd desconhecimento total da
época da coleta, do especialista (se foi um especialista) que a colheu, dos cuidados tomados
durante os processos de armazenamento, secagem e moagem, da auséncia de contaminagido por
fungos e outros microrganismos, se € toxica ou nao. Tudo isso torna impossivel a previsdo de
eventuais efeitos colaterais que a planta possa provocar, porém, nada haveria a objetar ao
receitudrio de plantas integrais ou de seus extratos brutos, desde que se tratasse de produtos

obtidos sob rigoroso controle (Almeida et al., 2006).

As principais causas do aumento na procura de produtos alternativos sdo: a medicina
convencional pode ser ineficiente, abusiva e/ou, pelo uso incorreto de drogas sintéticas com
efeitos secunddrios, uma grande parte da populacdo mundial ndo tem acesso ao tratamento
farmacolégico convencional (Rates, 2001; Kotan et al., 2008). Diante destes riscos, as plantas
apresentam-se como uma alternativa natural, visto que possuem, contra o ataque de patdgenos,
mecanismos de defesa baseados na producdo de compostos especificos que lhes conferem

resisténcia (Dikbas et al., 2008; Martos et al., 2008).

2.1.2 Oleos Essenciais

Os 6leos essenciais (OE) sdo produtos de composi¢ao complexa extraidos de plantas
por varios processos, sendo o mais utilizado a destilacdo por arraste em vapor d’agua (Craveiro et
al., 1976; Bruneton, 1995). As plantas tém um conteddo de 6leo essencial em torno de 0,1% a

0,5% e, raramente, de 1% a 5% do peso verde (Bruneton, 1995).

De forma geral, os 6leos essenciais sdo misturas complexas de substancias volateis,
lipofilicas, geralmente odoriferas e liquidas. Também podem ser chamados de 6leos voléteis,
Oleos etéreos ou esséncias. Essas denominacgdes derivam de algumas de suas caracteristicas
fisico-quimicas, como, por exemplo, a de serem geralmente liquidos de aparéncia oleosa a
temperatura ambiente, advindo dai a designacdo de 6leo. Sua principal caracteristica, entretanto,

¢ a volatilidade, diferindo dos 6leos fixos, misturas de substancias lipidicas, obtidos geralmente



de sementes. Outra caracteristica importante € o aroma agraddvel e intenso, sendo, por isso,

chamados de esséncias (Simdes & Spitzer, 1999; Giordani et al., 2008).

Embora sua maior utilizagdo ocorra nas dreas de alimentos (condimentos
aromatizantes de alimentos e bebidas), cosméticos (perfumes e produtos de higiene) e também
em farmécias, drogas vegetais ricas em Oleos essenciais sdo empregadas in natura para a
preparacao de infusdes e/ou sob a forma de outras preparacdes simples (Deba et al., 2008; Dikbas

et al., 2008).

Virios estudos t€ém comprovado o efeito de compostos isolados, extraidos de dleos
essenciais de plantas, que atuam como fungicidas naturais, inibindo a atividade fingica, dentre os
quais, um numero significativo destes constituintes se mostrou eficaz (Abdelgaleil et al., 2008;
Chang et al., 2008; Kordali et al., 2008). Os constituintes quimicos desses 6leos aromaticos
variam desde hidrocarbonetos terpénicos, dlcoois simples, fendis, aldeidos, éteres, 4cidos
organicos, ésteres, cetonas, lactonas, cumarinas, até compostos contendo nitrogénio e enxofre.
Podem ser utilizados para a sintese de vitaminas, hormonios, antibidticos e anti-sépticos (Simdes
et al., 2004). A composicio do 6leo essencial de uma planta é determinada geneticamente, sendo
geralmente especifica para um determinado 6rgdo e caracteristicas para o seu estidgio de
desenvolvimento (Morais & Braz-Filho, 2007), entretanto, fatores ambientais, tais como
temperatura, umidade relativa, duracdo total de exposicdo ao sol, regimes de ventos, grau de
hidratacdo do terreno e presenca de micronutrientes neste terreno, podem influenciar a
composi¢cdo dos Oleos essenciais. A investigacdo da composicdo quimica de 6leos essenciais foi
iniciada no século dezenove e levou a descoberta de alguns hidrocarbonetos isoméricos de

férmula CioH;¢, 0s quais foram chamados terpenos (Morais & Braz-Filho, 2007).



2.2 Plantas medicinais de interesse nesta pesquisa

2.2.1 Croton spp.

O género Croton, cujo nome significa “carrapato”’, é o segundo maior género da
familia das Euforbidceas, pertencendo a subfamilia Crotonoideae e tribo Crotoneae. E encontrado
principalmente como arvore de pequeno porte e arbusto. Plantas da familia das Euforbidceas t€ém
sido usadas, ao redor do mundo, para tratar muitas doencas (Magalhaes et al., 2004). Esta familia
possui cerca de 300 gé€neros e 5000 espécies de arvores, arbustos e ervas conhecidas. Os 300
géneros de Euforbiaceas estdo agrupados em 52 tribos e 5 familias, com diversas destas tribos
divididas em subtribos. A distribuicdo geogrifica dos géneros das Euforbiaceas concentrava-se,
primitivamente, na Africa e Madagascar, mas algumas subfamilias se dispersaram em centros

neotropicais (Webster, 1994).

O género Croton é um dos maiores da familia das Euforbiaceas, com cerca de 800
espécies distribuidas nas regides tropicais e subtropicais. E notavelmente bem representado na
América do Sul, e no Brasil estdo registradas cerca de 300 espécies (Amaral, 2004). Espécies do
género Croton usualmente sdo mondicas, as inflorescéncias apresentam flores femininas na base
e masculinas no &pice, caracterizam-se ainda por possuirem flores masculinas com filamentos

flexionados no botdo e as flores femininas com pétalas reduzidas ou ausentes (Suarez, 2003).

Amplamente distribuido na flora do Nordeste brasileiro, principalmente nas
caatingas, o género Croton é muito importante pela sua utilidade ao individuo que vive afastado
dos grandes centros populacionais para o tratamento de diversas doencas, incluindo micoses
(Souza et al., 2003; Duarte et al., 2005; Cruz et al., 2007). As espécies de Croton podem ser
agrupadas, de acordo com as denominagdes populares, em canelas silvestres, marmeleiros,

velames, dentre outras (Fernandes et al., 1971).



Diversas espécies de Croton vém sendo estudadas e os resultados destas pesquisas
tém trazido grandes contribui¢des para o campo cientifico. Silva et al (2001) identificaram a
presenca de principios toxicos e atividade leishimanicida, antinociceptiva, antiulcerogénica,
hipoglicémica e hipolipidémica do C. cajucara. Guerrero (2002), relatam a presencga da atividade
anti-hipertensiva e vasorelaxante do C. schiedeanus. Nardi (2003), averiguaram atividade

antiinflamatdria e antioxidante do C. celtidifolius.

Algumas espécies de Croton sp. possuem atividade antimicrobiana relatada na
literatura, dentre as quais podem ser citadas o C. antisyphiliticus e o C. perdicipes, por seu uso
popular em feridas e ulceras, e o C. urucurana, que é usado como antiséptico (Gurgel et al.,
2005; Fenner, 2006). Neste trabalho analisou-se a atividade antiftingica de trés espécies do

género Croton: C. nepetaefolius, C. argyrophylloides e C. zenhteneri.

2.2.1.1 Croton nepetaefolius Baill

O Croton nepetaefolius Baill., popularmente conhecido como marmeleiro vermelho
ou marmeleiro sabid, é uma arvore de pequeno porte, muito abundante na regido Nordeste do
Brasil, inclusive no Ceara (Canuto, 2005). Pode ser encontrado nos cerrados, matas litoranias e

principalmente na caatinga (Magalhaes et al., 2004).

Possui folhas com limbo triangular (Figuras 1 e 2), palmatinérvico, oval, agudo, de
base cordato-subtruncado ou levemente cordado, providas de glandulas estipitadas e de margens
duplamente serradas; na pégina superior sdo vilosopubescente, tornando-se depois hirto-
pubescente. As flores sdo pequenas, reunidas em cachos e o frutos sdo cdpsulas tricocas

(Magalhaes et al., 2004).

A espécie produz um dleo essencial com aroma agraddvel e caracteristico, que
apresenta os seguintes constituintes quimicos: a-pineno, canfeno, (-pineno, 1,8-cineol, canfora,

a-cubebeno, a-copaeno, a-cubebeno, a-elemeno, metil-eugenol, E-cariofileno, a-Z-bergamoteno,
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a-guaieno, a-humuleno, biciclogermacreno, a-cadineno e o 6xido de cariofileno. O teor desses
constituintes pode variar dependendo do hordrio em que a planta foi coletada (Morais et al.,

2006).

Esta planta € popularmente usada para aliviar disttirbios gastrintestinais, na forma de
chds e infusdes. Seu Oleo essencial tem o efeito antiespasmddico comprovado sobre a
musculatura lisa intestinal (Coelho de Souza et al., 1997; Morais et al.,, 2006). Também exerce
efeito anti-hipertensivo, que € mais potente em animais com hipertensdo genética ou
experimental, o qual se deve a uma ac¢do direta, que € o relaxamento miogénico do musculo liso
vascular, e a um efeito indireto, via atuagcdo no sistema nervoso autdbnomo (Catunda Jr., 2003).
Ademais, o 6leo essencial tem atividade antimicrobiana e antiinflamatéria, também relatada,
sugerindo que o mesmo tenha também atuag¢do sobre as funcdes imunoldgicas do organismo.

Essa hipétese é reforcada por dados da literatura, que mostram que o metil-eugenol, um

importante constituinte deste O6leo, tem propriedade imunomoduladora e antiinflamatdria

(Franchomme & Penoel, 1995; Catunda Jr., 2003; Magalhaes et al., 2004).
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(Fonte: Fontenelle, 2008)
Figura 1: Fotografia de arbustos de Croton nepetaefolius Baill
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(Fonte: Fontenelle, 2008)
Figura 2: Fotografia de folhas de Croton nepetaefolius Baill

2.2.1.2 Croton argyrophylloides Muell Arg.

O Croton argyrophylloides Muell. Arg., conhecido como marmeleiro prateado, é um
arbusto de ramos delgados, cilindricos, cinerescentes e escabros. E nativo da caatinga do
Nordeste do Brasil (Catunda Jr., 2003). De acordo com Morais et al. (2006), esta espécie nao é
usada popularmente por causa do aspecto ndo atrativo de suas folhas. Alguns trabalhos recentes
mostram resultados importantes sobre a atividade antioxidante e antibacteriana do seu dleo
essencial contra Streptococcus spp., Serratia spp., Staphylococcus spp., Proteus mirabilis,

Enterobacter spp. e Pseudomonas aeruginosa (Canuto, 2005).

O fracionamento dos extratos hexanicos e alcodlicos do lenho do caule e do extrato
hexanico da casca do caule do C. argyrophyloides levaram ao isolamento de um 4cido
carboxilico diterpénico e seu éter metilico. O estudo quimico do seu 6leo essencial mostrou a

presenga de a-pineno e ff-guaieno (Craveiro, 1976; Catunda Jr., 2003).



(Fonte: Fontenelle, 2008)
Figura 3: Fotografia de arbustos de Croton argyrophylloides Muell. Arg.

o
(Fonte: Fontenelle, 2008
Figura 4: Fotografia de folhas de Croton argyrophylloides Muell. Arg.

12
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2.2.1.3 Croton zenhtneri Pax et Hoffm

O Croton zehntneri Pax et Hoffm., conhecido popularmente como canela de cunha, é
uma planta subarbustiva e caducifélia do Nordeste brasileiro (Morais et al., 2006), de ocorréncia
nos cerrados, matas de tabuleiro litoraneos, matas pluviais e principalmente nas caatingas
(Oliveira, 2005). Suas folhas e talos sao dotados de um aroma que lembra uma mistura de erva-

doce e cravo-da-india (Morais et al., 2006).

Apresenta-se como um arbusto delicado, perene, muito aromdtico € com ramos que
sao revestidos com pélos estrelados. As inflorescéncias mostram-se em racemos continuos,
densifloras de trés a oito centimetros de comprimento. O fruto mostra cdpsula subglobosa,
trilobulada, medindo de quatro a cinco centimetros de comprimento (Oliveira, 2005). As folhas e
os ramos contém com relativa abundancia (1,5 a 3% do peso verde) um 6leo essencial de aroma
agradavel e sabor adocicado (Barreto, 2005), o qual € usado em perfumes e como adocantes em

comidas e bebidas (Siqueira et al., 2006).

De acordo com Morais et al. (2006), em experimentos realizados para determinar a
concentracdo dos constituintes quimicos mais abundantes do dleo essencial, esse se mostra
varidvel entre exemplares desta planta coletados em diferentes regides do Nordeste. Assim,
distinguem-se, para esta espécie, quatro tipos de Oleos essenciais de acordo com seus

constituintes quimicos majoritérios, estes sao:

Tipo 1. Estragol: exemplares coletados em Tiangué (CE) e Granja (CE);

Tipo II. Anetol: exemplares coletados em Fortaleza (CE) e Vicosa (CE);

Tipo III. Eugenol: exemplares coletados em Areia Branca (RN) e Quixada (CE);
Tipo IV. Metil-eugenol: exemplares coletados em Ipu (CE) e Oeiras (PI).

A medicina popular emprega esta planta para diversos fins, sendo alguns desses ja

validados farmacologicamente. Por exemplo: o tipo quimico anetol € antidispéptico e

estomdaquico; o tipo metil-eugenol € usado popularmente, em forma de chds e infusdes, contra a
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insénia e como sedativo, embora seu uso ainda ndo esteja validado cientificamente, mesmo
estando comprovado que estas propriedades podem ser atribuidas ao metil-eugenol; o tipo

eugenol € utilizado como anti-séptico (Craveiro et al., 1976).

Estudos das propriedades farmacoldgicas do 6leo essencial de C. zehntneri mostram
que este tem diversas atividades biolégicas em tecidos, 6rgdos e sistemas animais. Administrado
por via oral o 6leo mostrou grande atividade antiinflamatéria em doses iguais e superiores a DLsg
calculada até 2,5 g/kg (Oliveira, 2005). E agente depressor do sistema nervoso central de
roedores, antiespasmodico em miusculo liso intestinal (Oliveira, 2005) e possui efeito
antinociceptivo (Barreto, 2005), antiedematogénico (Canuto, 2005) e antimicrobiana (Lopes
Junior, 2005). O dleo essencial do C. zehntneri interfere com os efeitos neuro-moduladores das
prostaglandinas e em musculo detrusor, induz contra¢des tonicas nao mantidas, aumentando a

amplitude e a freqii€ncia de suas movimentagdes espontaneas (Oliveira, 2005).



(Fonte: Fontenelle, 2008)
Figura 5: Fotografia de arbustos de Croton zehntneri Pax et Hoffm

(Fonte: Fontenelle, 2008)
Figura 6: Fotografia de folhas de Croton zehntneri Pax et Hoffm

15
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2.2.2 Lippia spp

O género Lippia pertence a familia Verbenaceae, a qual é distribuida nas regides
tropicais e subtropicais de todo o mundo. No Brasil existem cerca de 120 espécies dessa familia
(Mendonga, 1997) e sdo caracterizadas como ervas eretas, procumbentes ou receptantes, até
subarbustos e arbustos perenes e anuais. As folhas apresentam sua corola com colorido que varia
de branco até rubescente, sdo pequenas e at€¢ mesmo diminutas, reunidas em inflorescéncias de

diversos tipos, predominando as racemosas (Medonga, 1997).

As diversas espécies do género Lippia apresentam-se, quase sempre, aromaticas e
ornamentais. Dados de estudos bioldgicos mostram, para muitas espécies, atividades sobre o

SNC, além de propriedades antivirais, analgésicas, entre outras (Soares, 2001).

2.2.2.1 Lippia sidoides Cham

A Lippia sidoides, conhecida popularmente como alecrim-pimenta, ¢ um arbusto
de folhas caducas, bastante aromatico e préprio da vegetacao nordestina, pertencente a familia
Verbenaceae. Esta espécie de planta se destaca pelos elevados rendimentos de seu Odleo
essencial, de até 6%, (Mendonca, 1997), sendo este rico em timol (43,5%), que é o
responsavel pelo alto poder antiséptico de suas folhas. Outros constituintes de seu 6leo sdo: o-
felandreno (22,4%), B-cariofileno (9,7%), o-cimeno (8,6%), mirceno (6,5%) e carvacrol

(4,3%) (Sousa et al., 2004).

Além de ser considerada um poderoso anti-séptico e germicida natural, devido ao
timol presente, esta planta apresenta um odor mais aprazivel que aquelas ricas em dcido
carbolico ou fenol comum (Mendonca, 1997). Possui inumeras aplicagdes na medicina
popular, sendo muitas delas comprovadas cientificamente. E usada para combater infec¢des da
garganta e da boca, para o tratamento de ferimentos na pele e no couro cabeludo, para o

tratamento de acne, sarna infectada, pitiriase versicolor, dermatomicoses, caspa, mau cheiro



17

nos pés, nas axilas e virilha (Matos, 2000). Botelho et al. (2007) testaram extratos de Lippia

sidoides contra bactérias causadoras de cérie, encontrando eficicia por parte desses extratos.

Trabalhos ja registrados na literatura mostram atividade bactericida e fungicida
contra diferentes espécies microbianas, bem como larvicida (Botelho et al., 2007; Kordali et
al. 2008). O dleo essencial desta planta mostra forte atividade sobre os microrganismos que
vivem na pele dos pés e especialmente sobre o Corynebacterium xerosis, bactéria responsavel
pelo odor caracteristico das axilas (Costa, 2001). Apresentou agao contra E. coli, S. aureus, P.
aeruginosa, Bacillus subtilis, Mycobacterium smegmatis e os fungos Saccharomyces

cerevisiae, Cryptococcus neoformans e Aspergillus flavus (Costa, 2001).



(Fonte: Fontenelle, 2008)
Figura 7: Fotografia de Arbustos de Lippia sidoides Cham

(Fonte: Fontenelle, 2008)
Figura 8: Fotografia de folhas de Lippia sidoides Cham
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2.3 Principais constituintes das plantas estudadas

Uma planta € classificada como medicinal por possuir substancias que t€ém agdo
farmacoldgica. Estas substancias sdo denominadas principios ativos e, na maioria das vezes, nao
se sabe quais destes realmente estdo atuando na terapéutica (Barraca, 1999). Todos os 6leos
essenciais constituem uma mistura de principios quimicos muito complexa e variam amplamente
em sua composicao (Matos, 1989; Kordali et al., 2008). Na mistura, tais compostos apresentam-
se em diferentes concentragdes, normalmente um deles é o composto majoritdrio, existindo
outros em menores teores € alguns em baixissimas quantidades (Simdes et al., 2004). Tais
substancias podem ser utilizadas para a sintese de vitaminas, hormonios, antibidticos e

antissépticos (Lavabre, 1993; Bruneton, 1995).

2.3.1 Anetol e estragol

O anetol é um derivado do fenilpropano que ocorre com bastante
freqiiéncia nos dleos essenciais de um grande nimero de plantas (Craveiro et al.,
1976). Apresenta-se como liquido incolor ou levemente amarelado em uma =
temperatua de 23°C. Possui um sabor adocicado e um odor aromético de anis. E S
praticamente insolivel em &4gua, mas solivel em benzeno, acetona, éter de
petréleo e prontamente miscivel em éter e cloroférmio. O anetol, juntamente com E-anctol

o estragol, constitui os principais componentes do 6leo essencial do Croton zenhtneri, cuja

atividade antiftingica ja se encontra descrita por varios estudos (Lopes Junior, 2005).

o
Muitos efeitos bioquimicos e farmacoldgicos do anetol foram descritos. PN !
Coté et al. (1951) descreveram uma nitida inibi¢do da formacdo do glicogénio pelo [:f b
anetol, que € reversivel e que, provavelmente, se verifica por uma competi¢do pela 7
glicose disponivel, uma vez que este composto € eliminado conjugado ao 4cido
glucordnico como demonstrado por Le Bourhis et al. (1973). m l
estrago

O anetol possui varias atividades farmacoldgicas importantes, tais como a indugdo de

movimentos ritmicos, contragdo idnica e reducdo de tdnus muscular, acdo estrogé€nica, acdao



depressiva no sistema nervoso central, propriedades psicolépticas,

antimicrobiana (Marcus et al., 1979; Lopes Junior, 2005).
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acdo inseticida e

O estragol, isdbmero do anetol, apresenta efeito anestésico, miorrelaxante e

anticonvulsivante (Dallmeir & Carlini, 1981), mostrando, ainda, atividade hipnética e depressora

do sistema nervoso central (Sell & Carlini, 1976).

2.3.2 Timol

O timol, também conhecido como d4c. timico ou
isopropilmetacresol (CoH;40). E encontrado em diveras plantas como
Thymus eriocalyx, Thymus x-porlock e principalmente no 6leo essencial
da Lippia sidoides. Apresenta-se sob a forma de cristais incolores
grandes ou pé cristalino branco com aroma irritante, lembrando tomilho.
Pouco solivel em 4gua, mas muito solivel em &lcool. E irritante da

mucosa gastrica, gordura e dlcool aumentam sua absor¢do. Possui

OH

Timol

atividade antimicrobiana, que € diminuida na presenca de proteinas. Medidas apropriadas devem

ser tomadas para evitar a contamina¢do no acondicionamento e nas diluicdes (Botelho et al.,

2007).

E absorvido no trato gastrointestinal e excretado na urina em sua forma pura € como

glicuronideo. E um antisséptico fendlico com atividade antibacteriana, antifiingica e é o mais

potente dos fendis, porém seu uso € limitado por causa da sua pouca solubilidade em 4gua e sua

acdo irritante (Botelho et al., 2007), sendo usado principalmente como antisséptico bucal,

associado a glicerina, em trés vezes o seu volume, em dgua morna. O timol tem sido usado

topicamente no tratamento de enfermidades da pele e por inalagdo, associado a outras substincias

voldteis, para tratar enfermidades respiratdrias (Kordali et al., 2008).
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2.3.3 Eugenol

O eugenol ¢é wuma substincia aromdtica natural,

. . . .. o DCH;
farmacologicamente muito ativa, presente nos Oleos essenciais de ~ H/
algumas plantas do Nordeste brasileiro. Dentre estas plantas destacam-se: SN
Eugenia caryophyllus, o “cravo-da-india”; Dicipelium cariophyllatum, o ﬁ
craveiro do Maranhdo ou cravinho”; Ocimum gratissimum, a “alfavaca- engenol

cravo’; e o Croton zenhtneri, a “canela-de-cunha” (Craveiro et al., 1981;
Wu et al., 1994). Também conhecido como é4cido eugénico ou cariofilico, o eugenol é um fenol
monoterpendide derivado do fenilpropano, popularmente denominado de esséncia de cravo

(Escobar, 2002).

O eugenol se apresenta a temperatura ambiente como um liquido oleoso, incolor ou
amarelo claro, mas quando em contato prolongado como o ar, torna-se mais espesso e de cor
vermelho escuro. Em baixas temperaturas (- 9°C), encontra-se no estado sélido. E amplamente
solivel em cloroférmio, éter, gorduras e dlcool etilico e pouco solivel em dgua pura. Sua alta
lipossolubilidade possibilita uma facil absor¢do através das membranas lipidicas e rdpido acesso
ao local de acdo. Apresenta odor caracteristico, semelhante ao cheiro do cravo-da-india, além de
possuir sabor ardente e picante. E bastante irritante as mucosas e causa forte sensacdo de

queimacgdo quando em contato com a mucosa oral (Escobar, 2002).

Devido a sua estrutura molecular complexa, o eugenol possui diversas acdes
farmacoldgicas comprovadas, sendo utilizado em praticas odontolégicas como anti-séptico
tépico, analgésico e anestésico local, além de conferir propriedades farmacoldgicas aos cimentos
obturadores de canais, visto ter a¢do bactericida, portanto, eficaz no tratamento de algumas
enfermidades infecciosas na cavidade bucal (Markowitz et al., 1992; Escobar, 2002). Também é
utilizado como cimento provisério em cavidades dentdrias, quando associado ao 6xido de zinco

(Nagababu & Lakshmait, 1994).
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Possui atividade antifungica contra Candida albicans (Rakotonirainy & Lavédrine,
2005); antiviral, contra HSV-2 (virus da herpes simples tipo 2) (Bourne et al., 1999); apresenta
também efeito anti-edematogénico local, anti-inflamatério e antinociceptivo (Wright et al., 1995).
Em tecido nervoso, apresenta acdo anestésica geral, pois bloqueia tanto a condu¢do do potencial

de acdo em nervos periféricos quanto na jun¢do neuromuscular (Cruz, 2001).

Por suas diversas propriedades farmacoldgicas, o eugenol tem sido aplicado para
diversos fins, seus efeitos, dependentes da concentracio de eugenol livre e do tempo de
exposicdo ao tecido, sdo complexos e muitos deles ainda ndo estdo completamente esclarecidos.
Com a evolugdo do conhecimento a cerca desse composto, seu uso ficou mais comum, especifico
e seletivo, sendo utilizado em diferentes propostas, principalmente na &area odontoldgica

(Escobar, 2002).
2.3.4 Metil-eugenol

O metil-eugenol é um dos andlogos do eugenol que podem ser ,l
encontados como constituinte de um grande nimero de plantas do Nordeste do  #
Brasil, dentre as quais estdo Croton zenhtneri, ou ‘“canela-de-cunhd” e Croton ==
nepetaefolius, ou “marmeleiro sabid” (De Vincenzi et al, 2000). O metil-eugenol
tem cor amarelo ouro, odor marcante e forte, insolivel na dgua e solivel em
cloroférmio e éter, também é conhecido como 1,2 dimetoxialibenzeno; 1,3,4-  metil-eugenol

eugenol-metil-éter; 4-alilveratrol dentre outros (De Vincenzi et al, 2000).

Esse composto € usado na industria de cosméticos na fabricagdo de sabdes, xampus e
como agentes flavorizantes nas geléias, em bebidas ndo alcodlicas, goma de mascar e sorvetes
(Council of Europa, 2001). A exposicido humana ao metil-eugenol pode ocorrer pelo uso de
cosméticos diretamente aplicados na pele, ou por via oral através de substincias flavorizantes

contidas nos alimentos (De Vicenzi et al., 2000).
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Muitas agdes farmacoldgicas tém sido relatadas, dentre as quais a atividade
bactericida (Franchomme & Penoel, 1995); efeito na indugdo de hiportemia, além de ser
miorelaxante, antiespasmoddico, anticonvulsivante e anestésico (Magalhaes et al., 1998; Lima et
al.,, 2000; Sayyah et al., 2002). O metil-eugenol parece atuar diretamente na miofibrila lisa,
exercendo, além do efeito relaxante, um efeito antiespasmodico inespecifico para as contragdes

induzidas por acetilcolina ou histamina, que € amplamente independente de alteracdes no

potencial transmembrana (Lima, 1998).

2.4 Importancia dos estudos toxicologicos no screening de plantas medicinais: um enfoque

para os métodos empregados na pesquisa com Croton spp. e Lippia sidoides

Os testes toxicoldgicos, aplicados em animais de laboratério e sob condicdes
previamente estabelecidas, permitem determinar os possiveis efeitos das substancias em humanos
ou animais expostos a estas (Barros & Davino, 1996). No Brasil, a resolucdo 1/78 (D.O.
17/10/78), do Conselho Nacional de Saude, estabelece os seguintes tipos de ensaios de
toxicidade: aguda, subaguda (subcrbnica), crOnica, teratogenia e embriotoxicidade e estudos

especiais (Vasconcelos, 2002).

A toxicidade aguda de um composto quimico € definida como os efeitos adversos que
ocorrem dentro de um periodo curto apdés administracdo de dose unica ou doses multiplas
administradas dentro de 24 horas (Barros & Davino, 1996). E expressa pela quantidade
necessdria, em mg/kg de peso corpdreo, para provocar a morte em 50% de um lote de animais
submetidos a experiéncia, sendo representada pela dose letal 50 (Eaton & Klaasson, 1995; Barros
& Davino, 1996; Repetto, 1997). Os valores de dose letal 50 (DLsy) sdo obtidos a partir de
indices de mortalidade observados, empregando-se diversos métodos estatisticos. Entre estes
métodos, destaca-se o0 método de PROBITOS (termo derivado de PROBITS = probability units)
que, além de determinar o valor de toxicidade aguda e seus limites fiduciais, possibilita a

obtencdo de uma reta “dose-resposta” (Barros & Davino, 1996).
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Os resultados obtidos a partir dos estudos de toxicidade aguda servem também para
conhecimento do mecanismo de acdo da substancia, identificar possiveis 6rgdos ou sistemas
sensiveis e determinar se os efeitos sdo reversiveis ou nao. Ainda mais, os resultados obtidos dos
estudos de toxicidade aguda sdo empregados para o delineamento dos estudos de toxicidade
subcronica e cronica, particularmente no que se refere a escolha de doses (Barros & Davino,

1996).

Os estudos de toxicidade subcronica sdo realizados para obter informagdes sobre a
toxicidade de substincias quimicas, em humanos ou animais, apds exposicoes repetidas a estas
(Barros & Davino, 1996). Os estudos de toxicidade subcrOnica e cronica, que objetivam
determinar o efeito téxico apds exposi¢ao prolongada a doses cumulativas da substancia em teste,
ndo se diferenciam na sua esséncia, mas, sim, em sua extensdao (Repetto, 1997). Parametros
hematoldgicos e bioquimicos devem ser avaliados no inicio e final do estudo. Exames
histopatoldgicos, também, devem ser realizados no final do experimento (Barros & Davino,
1996). Para realizacdo desses testes sdo feitos através de a administracdo cumulativa de uma
substancia e envolvem andlise hematoldgica, anélise bioquimica e histopatolégica dos animais.
Além destes parametros, devem ser feitas observagdes didrias para verificar o comportamento dos

animais tratados (Vasconcelos, 2002).

2.5 Conhecendo os fungos: uma abordagem geral sobre dermatéfitos e Candida spp.

Os fungos s@o microrganismos que constituem um grupo diversificado e abundante
na natureza, fazendo parte de varios nichos no ambiente, incluindo a microbiota de homens e
animais. S3o caracterizados por estruturas unicelulares ou multicelulares e classificados de
acordo com sua morfologia em filamentosos, leveduras e dimoérficos (Prado, 2007). Sao ainda
seres eucarioticos, isto €, apresentam uma membrana nuclear que envolve 0s cromossomos € o
nucléolo. Sdo classificados como seres heterotréficos por ndo possuirem pigmentos
fotossintéticos, capazes de absorver energia luminosa e utilizd-la para sintese de compostos
organicos, e aproveitarem a energia contida nas ligagdes quimicas de varios nutrientes (Sidrim &

Rocha, 2004).
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Nos ultimos anos, a Micologia Médica evoluiu muito como ciéncia bdsica. Diversos
fungos foram reclassificados e as infecgdes fungicas foram alvo de sensiveis alteracdes. Essas
mudancas taxonOmicas ndo tiveram bases e/ou razdes apenas tedricas e especulativas, ja que
encerram conotacdes préticas nos setores clinico, laboratorial e terapéutico (Sidrim & Rocha,
2004). O reino Fungi (Eumycota) esta atualmente subdivido em sete filos: Microsporidia,
Chytridiomycota, Blastocladiomycota, Neocallimastigomycota, Glomeromycota, Basidiomycota

e Ascomycota, sendo estes dois ultimos incluidos no sub-reino Dikarya (Hibbet et al., 2007).

Além da capacidade de produzir doengca em seres humanos, os fungos também
causam doencas em animais e vegetais, destroem a madeira e materiais sintéticos e compartilham
com as bactérias um importante papel na decomposi¢cao de restos organicos do solo (Mendes-

Giannini & Melhem, 1996).

Doengas flingicas ocorrem com relativa freqiiéncia em clinicas de pequenos animais,
sendo que, nos casos cronicos, o tratamento se torna mais dificil e, as vezes, frustrante. A
problemadtica do tratamento pode ser justificada pelo limitado arsenal de drogas antifingicas
comparadas com as drogas antibacterianas, pelo aparecimento de vdrios efeitos colaterais a
terapia com medicamentos convencionais e pela selecdo de cepas resistentes aos farmacos

utilizados (Sidrim & Rocha, 2004).

As infeccdes causadas por fungos, denominadas micoses, parecem ser acidentais, ou
seja, sua grande maioria ndo é contagiosa, mas adquirida por exposi¢do do individuo a uma fonte
natural de ocorréncia do fungo. Existem na natureza mais de 250 mil espécies flngicas
conhecidas atualmente. Dentre estas, apenas aproximadamente trezentas foram identificadas, pelo
menos uma vez, em processos patoldgicos em seres humanos ou animais (Sidrim & Rocha,

2004).
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As micoses podem ser classificadas clinicamente em sistémicas, subcutineas e
superficiais, de acordo com o grau de envolvimento no tecido e o sitio de instalacdo do agente

infeccioso no hospedeiro (Tortora et al., 2003).

As micoses superficiais se destacam dentre as infec¢des fungicas devido a freqiiéncia
de casos reportados em humanos e pequenos animais. As micoses superficiais podem ser
classificadas em micoses superficiais estritas e dermatofitoses. As micoses superficiais estritas
possuem a caracteristica de acometerem a camada mais superficial do estrato cérneo de humanos
e animais, e, diferentemente das dermatofitoses, ndo induzem nenhuma resposta inflamatéria no
hospedeiro. As dermatofitoses sdo micoses superficiais causadas por fungos denominados de

dermatdfitos (Crespo et al, 2000; Cafarchia et al., 2006).

Nos ultimos anos, em decorréncia de uma demanda crescente na Micologia médica,
houve grande aumento no arsenal terapéutico antifiingico. Em decorréncia, porém, de serem os
fungos seres eucaridticos aliado a outros fatores, as drogas antifiingicas surgiram tardiamente.
Dessa forma, em 1903, a terapéutica antifiingica se restringia a utilizagao do iodeto de potassio,

farmaco ministrado até os dias atuais (Sidrim & Rocha, 2004).

As drogas utilizadas no tratamento das dermatofitoses, como a griseofulvina, o
cetoconazol e itraconazol, exibem alguns efeitos colaterais e possuem eficicia limitada (Gupta et
al., 2000). Sendo este um dos motivos da necessidade do descobrimento de drogas antiftingicas

mais seguras e de maior eficacia (Gurgel et al., 2005).

Na clinica veterindria cetoconazol, itraconazol e fluconazol sdo bastante utilizados.
Em se tratando de leveduras, estes fairmacos sdo citados para o tratamento de infec¢des por
Candida spp. em caes, tais como cistite e dermatomicoses, e dermatites por Malassezia em caes e

gatos (Mueller et al., 2002; Rochette et al., 2003; Ozawa et al., 2005).
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O aumento da incidéncia de infec¢des por fungos aliado a resisténcia que estes
agentes tém desenvolvido aos antimicOticos, bem como ao elevado custo dos farmacos
antifiingicos, tem levado a uma busca constante por alternativas terapéuticas eficazes que possam
oferecer melhores e mais acessiveis opcoes de tratamento aos doentes (Fontenelle et al., 2007).
Surge entdo um interesse especial aos fungicidas derivados de plantas, baseado no conhecimento

de que as plantas possuem sua préopria defesa contra fungos.

Na presenca de patégenos (fungos, bactérias e virus) as plantas podem produzir
compostos para se protegerem contra ataques. O uso de plantas medicinais no tratamento de
doencas de pele, incluindo infec¢des flingicas, € uma prética antiga adotada em muitas regides do
mundo (Irobi & Darambola, 1993). Este uso tem sido apoiado pela ciéncia através do isolamento
de compostos com atividade antifiingica a partir de extratos de plantas (Costa et al., 2000; Passos

et al., 2002).

2.5.1 Dermatofitos

O estudo das dermatofitoses teve inicio juntamente com a histéria da Micologia
Médica. Em 1839, Robert Remak elucidou a etiologia do favus. Quase um século depois, os
dermatdfitos foram classificados por um dermatologista francés de nome Raymond Jacques
Andrien Sabouraud. Hoje, existem muitos fungos pertencentes aos gé€neros Trichophyton,
Epidermophyton e Microsporum. Entretanto, a denominacao dermatoéfito € utilizada somente para
os fungos pertencentes a esses géneros e que sao queratinofilicos e capazes de causar doengas em

humanos e animais (Sidrim & Rocha, 2004).

As dermatofitoses sdo infeccdes de estruturas queratinizadas, como as unhas, pélos e
estrato corneo da pele, e sdo as doengas fungicas mais comuns na clinica veterindria, possuindo
grande interesse também pelo seu potencial zoondtico (Garcia et al., 2000; Crespo et al., 2000).
S@ao causadas por dermatéfitos, que sao fungos pertencentes aos géneros Microsporum,

Trichophyton e Epidermophyton, que utilizam a queratina como substrato nutritivo. Estes fungos
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sdo ainda caracterizados por serem filamentosos, hialinos, septados, algumas vezes
artroconidiados. Em cdes e gatos as principais espécies isoladas pertencem aos géneros
Microsporum e Trichophyton, sendo o M. canis a espécie mais freqiliente, possuindo um

importante papel como um constante agente de zoonose (Prado et al., 2007).

As espécies de dermatdfitos podem ser classificadas, de acordo com a preferéncia
pelo hospedeiro e habitat natural, em antropofilicas, zoofilicas e geofilicas. As espécies
antropofilicas (T. rubrum, E. floccosum, T. tonsurans, T. mentagrophytes var. interdigitale)
infectam os seres humanos e, menos comumente, os animais. As espécies zoofilicas (M. canis, T.
mentagrophytes var. mentagrophytes, T. verrucosum) sao usualmente patégenos dos animais,
mas sdo capazes de infectar os humanos. As espécies geofilicas (M. gypseum) habitam o solo,
sendo uma fonte em potencial de infec¢ao tanto humana quanto animal (Cabaiies, 2001; Moriello,

2004; Outerbridge, 2006).

O M. canis (Figura 9) € o dermatéfito mais comumente isolado em cdes e gatos
(Brilhante et al., 2003; Cafarchia et al., 2006). Uma vez que os humanos podem se infectar, o M.
canis se tornou o dermatéfito com potencial zoondtico mais frequntemente encontrado em éreas
urbanas (Cafarchia et al., 2006). Porém, os gatos assintomdticos apresentam maior potencial
zoono6tico do que os cdes, uma vez que a incidéncia de dermatéfitos € maior em gatos do que em

caes sem sintomatologia clinica (Mancianti et al., 2003; Cafarchia et al., 2006).
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(Fonte: CEMM, 2007)
Figura 9: Colonias de M. canis, com textura algodonosa e relevo apiculado e
radiado.

As espécies do gé€nero Trichophyton, em especial o T. mentagrophytes var.
mentagrophytes (figura 10), também podem causar dermatofitose em animais e no homem,
porém sua ocorréncia no Brasil € menor em relacdo as espécies do género Microsporum. O T.
mentagrophytes var. mentagrophytes ¢ um dermatéfito zoofilico, cujos principais hospedeiros sao
os roedores domésticos ou silvestres. A transmissao para o homem ou para outros animais ocorre
ocasionalmente através do contato com roedores infectados ou portadores assintomadticos, ou

ainda, através do contato com materiais contaminados presentes no meio ambiente, tais como

pélos ou escamas (Pinter & Stritof, 2004).
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(Fonte: CEMM, 2007)

Figura 10: Colonia de T. mentagrophytes var. mentagrophytes com textura furfuracea.

M. gypseum, T. terrestre e T. ajelloi sdo os dermatofitos geofilicos mais comumente
isolados de cdes e gatos assintomdticos, porém o potencial patogénico destas espécies ainda ndo

esta claro (Cafarchia et al., 2006).

2.5.2 O género Candida:

A histdria natural das doengas causadas por leveduras € mais bem compreendida a luz
da sensibilidade do hospedeiro. O individuo normal apresenta mecanismos de defesa
inespecificos e especificos, tais como barreiras anatdmicas e fisioldgicas, resposta inflamatéria e
resposta imunoldgica, que, juntos, representam obstdculo ao estabelecimento da infec¢do flingica

(Sidrim & Rocha, 2004; Weig & Brown, 2007).
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Na Medicina Veterindria, sdo fatores predisponentes a infec¢des por leveduras,
principalmente do género Candida: idade, presenca de doengas auto-imunes, Diabetes mellitus,
uso de glicocorticéide, antibioticoterapia, cateterismo venoso e urindrio e administracao de
nutri¢do parenteral (Heseltine et al., 2003; Moretti et al., 2004; Jin & Lin, 2005). Enfermidades
provocadas por Candida spp. geralmente acometem apenas animais imunocomprometidos, como
observado por Heseltine et al. (2003), que isolaram espécies do gé€nero apenas em animais
portadores de outros processos infecciosos e com sistema imune comprometido. Os sitios
anatdmicos mais acometidos sdo: pele, unhas, ouvido, trato urindrio e sistema gastrintestinal

(Milner et al., 1997; Jin & Lin, 2005).

De acordo com a literatura, a C. albicans é a espécie mais comum em casos de
candidiases em animais, sendo responsavel por diversos quadros clinicos como otite (Duarte et
al., 2001; Brito et al., 2007), infec¢do intestinal (Elad et al., 1998; Ochiai et al., 2000), infeccao
sistémica (Heseltine et al., 2003; Brown et al., 2005; Tunca et al., 2006), dermatomicose, entre

outros (Raposo et al., 1996; Kozak et al., 2003; Moretti et al., 2004).

O género Candida € composto por fungos unicelulares e hialinos, que formam
colonias de coloragdo branca, superficie lisa e textura glabrosa imida (Raposo et al., 1996;
Moretti et al., 2004) (Figura 11). Crescem bem dentro de 48 horas, entre temperaturas de 25 e
37°C (Sidrim & Rocha, 2004). Com relacdo a microscopia, se laminas forem preparadas
diretamente a partir de um fragmento da colonia ou de uma amostra clinica positiva, apenas
estruturas unicelulares, denominadas blastoconideos, que podem estar isoladas ou apresentando
brotamento, vao ser visualizadas (Figura 12). Desta forma, torna-se necessario a realizacdo de
microcultivo em placa de Petri, para melhor visualizagdo da disposicdo das estruturas flingicas
tipicas de cada espécie, sendo este, muitas vezes, suficiente para identificar o microrganismo

(Moretti et al., 2004).
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(Fonte: CEMM, 2005) (Fonte: CEMM, 2005)
Figura 11: Col6nias de Candida spp. Figura 12: Blastoconidios de levedura.

2.6 Métodos de estudo da atividade antifingica in vitro

A atividade antiftingica, in vitro, ¢ medida a fim de determinar a poténcia de um
antifiingico em soluc¢do, a sua concentracdo em liquido e tecidos corporais e a sensibilidade de

um determinado microrganismo a concentragdes conhecidas deste antibidtico (Jawetz et al.,

1988).

Os testes utilizados na avaliagdo, in vitro, da atividade antifingica sao derivados dos
métodos utilizados na avaliacdo da atividade de antibacterianos. De modo geral, as técnicas
disponiveis para essa finalidade nos laboratdrios de microbiologia sdo conhecidas como diluicao
em caldo, diluicdo em &dgar e difusdo em dgar. O principio desses métodos € expor um indculo
definido do microrganismo a conhecidas concentra¢des da droga a serem testadas, em condi¢des
6timas de crescimento, e observar se o crescimento fungico é minimizado ou ndo. A leitura final
dos testes de diluicio em meio liquido ou sélido permite identificar a menor concentracdo da
droga que inibe o crescimento do microrganismo problema. No caso da difusdo em d&gar, o
método cldssico utiliza disco contendo concentracdo unica da droga a ser avaliada. Nessas
condicdes, a leitura permite, apenas, a andlise qualitativa dessa atividade (Sidrim & Rocha,

2004).
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A entidade responsdvel pela normatizacdo de técnicas de laboratério clinico nos
Estados Unidos é o Clinical Laboratory Standards Institute (CLSI, anteriormente denominado
National Committee for Clinical Laboratory Standards — NCCLS) que pradonizou os testes de
sensibilidade de fungos a drogas antimicéticas, definindo varidveis como método e preparagao de
indculo, composicio e pH do meio a ser utilizado, temperatura e tempo de incubagdo e

determinacdo dos critérios de leitura do teste (Sidrim & Rocha, 2004).

A macrodiluicdo em caldo foi o primeiro método padronizado pelo CLSI (1992),
porém, por tratar-se de método laborioso e de dificil execu¢do em laboratorio de rotina, houve a
busca por métodos alternativos. Entre os mais estudados, citam-se a macrodilui¢do em caldo,
com bons resultados, e o Etest. A macrodilui¢do em placa, realizada segundo parametros do
CLSI, além da maior facilidade na sua execugdo, permite a andlise de grande nimero de

amostras, com economia de material (Sidrim & Rocha, 2004).

Outros procedimentos, tais como o método de difusdao em cavidade 4gar, apesar de
ndo ser padronizado pelo CLSI, possibilita andlises qualitativas, permitindo-se fazer uma
comparagdo da eficiéncia da droga testada com outra droga utilizada como referéncia. Estudos
posteriores sdo necessdrios para determinagdo da concentracdo inibitéria minima (CIM), in vitro,

para que seja possivel correlacionar com resultados in vivo.

Nos testes de atividade antimicrobiana de 6leos essenciais, a metodologia proposta
pelo CLSI ndo pode ser seguida a risca, devido as propriedades quimicas que estes apresentam.
Dessa forma, feitas as modificagdes, esses métodos podem ser usados em algumas situacdes. Na
maioria dos estudos, as zonas de inibicao formadas pelos 6leos s@o comparadas com aquelas
obtidas pelos antibidticos, no entanto, € importante destacar que esses resultados nao devem ser
simplesmente comparados, pois as particularidades apresentadas pelos 6leos, bem como outras

varidveis devem ser levadas em consideracdo (Nascimento et al., 2007).



34

As substancias normalmente testadas pelos métodos propostos pelo NCCLS tém
natureza hidrofilica e os testes s@o padronizados para esta condicdo. Nos ensaios com Oleos
essenciais, deve-se considerar que os Oleos sdo volateis, insoliveis em &gua, viscosos e
complexos. Além disso, podem formar uma suspensao turva que impede a determinacdo visual
da eficicia antimicrobiana do O6leo, devido a interferéncia da dissolu¢do insuficiente dos
componentes testados. Sendo assim, a falta de padronizacdo dos testes de susceptibilidade
antimicrobiana tem sido um dos empecilhos encontrados para a realizacao desse tipo de estudo

(Nascimento et al., 2007).

Os testes in vitro servem como uma indicacdo inicial da atividade que esta sendo
pesquisada e, quando utilizados no inicio de uma triagem de plantas, permitem selecionar as
plantas que apresentem melhores resultados, diminuindo gastos, evitando perda de tempo e uso

indiscriminado de animais de experimentacao (Matan & Matan, 2008; Sharma & Tripathi, 2008).

2.6 Métodos de estudo da atividade antifiingica in vivo

Testes in vivo sdo onerosos, demandam tempo e envolvem o uso de animais de
laboratdrio ou da espécie alvo, devendo, por questdes éticas e econdmicas, ser realizados apds um
conhecimento prévio da a¢ao da planta que estd sendo avaliada. Os testes de eficdcia in vivo sdo
realizados em animais infectados experimentalmente ou com infec¢@o natural objetivando avaliar
a eficdcia de um produto natural, e sdo realizados em animais de laboratério ou na espécie alvo
da indicacdo terapéutica, sendo denominados pré-clinicos ou clinicos, respectivamente. Os
resultados dos grupos tratados sdo comparados percentualmente com os nao tratados (Morais &

Braz Filho, 2007).

O estudo para validagdo de uma planta medicinal é aparentemente muito simples,
entretanto pode levar a conclusdes errdneas quando mal aplicado. A selecdo da planta, a forma de
administracdo, as doses, a preparacdo da planta podem conduzir a falsos resultados. O protocolo

de validacdo deve ser bem pesquisado e analisado, antes da escolha final. Testes in vitro devem
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preceder os testes in vivo, assim como os testes de toxicidade com animais de laboratério devem
preceder os testes de eficécia, in vivo, com a espécie alvo. O melhor protocolo visa a uma melhor
avaliacdo da atividade medicinal das plantas. Além disso, deve-se respeitar tanto a espécie alvo
da indicacdo terapéutica da planta quanto as espécies de animais de laboratério, para evitar
cometer erros €ticos sobre a utilizacdo inadequada ou abusiva de animais na experimentacao
(Morais & Braz Filho, 2007). E ainda de extrema importancia salientar que novos modelos de
infeccdo experimental in vivo, que se assemelhe a infeccdo natural e que causem menos
sofrimento animal, precisam ser desenvolvidos, j4 que os modelos utilizados rotineiramente

acarretam inimeros danos ao animal (Dalazen et al., 2005; Lee et al., 2007; Saunte et al., 2008).
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3 JUSTIFICATIVA

O aumento da incidéncia de infeccdes por fungos nas clinicas veterindrias,
juntamente com a resisténcia que estes agentes t€ém desenvolvido aos antimicéticos, tem levado a
uma busca constante por alternativas terapéuticas eficazes que possam oferecer melhores op¢des
de tratamento aos doentes. No Nordeste do Brasil, vérias plantas sdo utilizadas pelo povo para o
tratamento de diversas enfermidades, principalmente em locais mais carentes. Para o seu uso em
larga escala, no entanto, estudos que comprovem estas atividades, associados a determinacdo da
toxicidade, fazem-se necessdrios. Dai, um estudo detalhado, abordando os aspectos quimicos,
micolégicos e toxicoldgicos dos o6leos essenciais do C. zenhtneri, C. nepetaefolius, C.
argyrophylloides e da L. sidoides, é importante para a sua validagdo como provaveis substancias
com atividade antifungica contra dermatéfitos (M. canis e T. mentagrophytes var.
mentagrophytes) e leveduras (C. albicans e C. tropicalis), fungos estes freqiientemente isolados

de animais em clinicas veterinarias.
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4 HIPOTESE

Oleos essenciais encontrados na L. sidoides, C. zenhteneri e C. nepetaefolius, bem
como, seus constituintes majoritarios, apresentam atividade antifiingica contra cepas de M. canis,

T. mentagrophytes var. mentagrophytes e Candida spp.
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S OBJETIVOS

5.1 Objetivo Geral

Avaliar o potencial antifungica dos 6leos essenciais da L. sidoides, C. zenhteneri, C.
argyrophylloides e C. nepetaefolius, bem como de seus principais constituintes contra cepas de

M. canis, T. mentagrophytes var. mentagrophytes e Candida spp.

5.2 Objetivos Especificos

1 Testar a atividade antifingica dos Oleos essenciais da L. sidoides, C. zenhteneri, C.

argyrophylloides e C. nepetaefolius pelo método de difusdo em dgar e microdilui¢do em caldo;

2 Avaliar a toxicidade aguda e subcronica dos 6leos essenciais das plantas;

3 Determinar os constituintes majoritarios nas diversas plantas que apresentam atividade

antiftingica;

4 Sintetizar derivados metilados a partir do eugenol e timol;

5 Testar a atividade antifingica in vitro dos constituintes majoritarios dos dleos e seus derivados

metilados, por difusao em 4gar e mirodilui¢do em caldo;

6 Estabelecer um novo modelo de dermatofitose experimental e utilizd-lo para testar a atividade

antifiingica in vivo do 6leo essencial da L. sidoides.
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Resumo

Objetivo: O objetivo deste estudo foi testar a atividade antifingica, in vitro, do 6leo essencial da
Lippia sidoides Cham., contra cepas de Candida spp. e Microsporum canis, avaliar seus efeitos
de toxicidade aguda e subcrdnica, in vivo, e determinar seus constituintes quimicos.

Material e métodos: A atividade antifingica, in vitro, foi inicialmente avaliada pela técnica de
difusdo em 4gar; a concentra¢do inibitéria minima (CIM) e a concentracdo fungicida minima
(CFM) foram determinadas pelo método de microdilui¢ao em caldo. Testes de toxicidade aguda e
subcronica foram realizados em camundongos e ratos, respectivamente. A composi¢do quimica
do 6leo essencial foi determinada por cromatografia gasosa acoplada a Espectometria de Massa.
Resultados: O 6leo essencial obtido da L. sidoides foi efetivo contra todas as cepas testadas pelo
método de difusdao em dgar. A CIM do 6leo essencial da L. sidoides essential para as cepas de M.
canis variou de 4 a 70 mg/L e o CFM variando de 9 a 150 mg/L. A CIM para as cepas de
Candida spp variou de 620 a 2500 mg/L e CFM variou de 1250 a 5000 mg/L. Os principais
constituintes isolados do 6leo essencial da L. sidoides foram o timol (59.65%), E-cariofileno
(10.60%) e para-cimeno (9.08%). A administracdo aguda do 6leo essencial acima de 3 g/kg por
via oral, em camundongos, foi desprovida de toxicidade. A administragdo oral por 30 dias do
Oleo da L. sidoides (117.95 mg/kg/day) em ratos, ndo induziu nenhuma alteracdo significativa
histopatologicamente, hematologicamente ou bioquimicamente.

Conclusao: O 6leo essencial da L. sidoides constitui uma fonte promissora para pesquisa de
novas drogas antifingicas devido a sua eficicia e a sua baixa toxicidade.

Palavras-chave: Lippia sidoides, dematdfitos, leveduras, atividade antifingica.
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Abstract

Objectives: The aims of this study were to test the essential oil from Lippia sidoides Cham. for
antifungal activity, in vitro, against Candida spp. and Microsporum canis, to evaluate its acute
and sub-chronic toxicological effects, in vivo, and to determine its chemical constituents.
Methods: The antifungal activity, in vitro, was initially evaluated by the agar-well diffusion
technique, and the minimum inhibitory concentration (MIC) and minimum fungicidal
concentration (MFC) were determined by the broth microdilution method. The acute and sub-
chronic toxicological effects were performed on mice and rats, respectively. The chemical
composition of the essential oil was determined by GL-Chromatography coupled to mass
spectroscopy.

Results: The essential oil obtained from L. sidoides was effective against all tested strains by the
agar-well diffusion method. The MICs of L. sidoides essential oil for strains of M. canis ranged
from 4 to 70 mg/L and the MFCs ranged from 9 to 150 mg/L. The MICs for strains of Candida
spp ranged from 620 to 2500 mg/L and the MFCs ranged from 1250 to 5000 mg/L. The main
constituents of L. sidoides essential oil were thymol (59.65%), E-caryophyllene (10.60%) and
para-cymene (9.08%). The acute administration of the essential oil up to 3 g/kg by the oral route
to mice was devoid of overt toxicity. The 30-day oral administration of L. sidoides oil (117.95
mg/kg/day) to rats did not induce any significant histopathological, haematological or serum
biochemical alterations.

Conclusion: The essential oil from L. sidoides may be a promising source in the search for new
antifungal drugs due to its efficacy and low toxicity.

Key-words: Lippia sidoides, dermatophytes, yeasts, antifungal activity.
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Introduction

Mycosis constitutes a common health problem, especially in tropical and subtropical
developing countries, dermatophytes, Malassezia spp. and Candida spp. being the most frequent
pathogens in humans and animals.'” In recent years, there has been an increasing search for new
antifungal compounds due to the lack of efficacy, side effects and or resistance associated with

some of the existing drugs.*"

Much attention has been drawn to plant-derived antifungal
compounds,'? based on the knowledge that plants have their own defence system against fungal
pathogens. "

Natural products obtained from many plants have been attracting scientific interest.” ¢
More recently, it was demonstrated the antifungal properties of allicin and ajoene isolated from
garlic (Allium sativum). '* '° In traditional medicine, many essential oils have been claimed to be
effective against fungal pathogens, although, most of them are not clinically available. Many
authors have reported that essential oils are one of the most promising groups of natural
compounds from which a new prototype of antifungal agents may be developed.'" '**! Therefore,
research in this field may lead to the development of effective drugs against pathogenic fungi.'"
14

Widely spread in Brazilian Northeast flora, Lippia species are known to be a natural
topical antiseptic. Previous studies have reported that the essential oil of L. sidoides Cham. shows
antimicrobial activity in vitro as well as larvicidal effect against Aedes aegyptii.** >

The aims of this study were to test the essential oil from L. sidoides Cham. for in vitro
antifungal activity against Candida spp. and M. canis, to evaluate its acute and sub-chronic

toxicological effects, in vivo, and to determine its chemical constituents.

Materials and Methods
Plant material and essential oil extraction

Plant samples were collected in Horizonte city (3°33°46’° latitude S, 41°05°42”°
longitude W), Northeast Brazil. Taxonomic identification was confirmed by experts at the Prisco
Bezerra Herbarium (Federal University of Ceard, Brazil), where a voucher sample was deposited
with a reference number 25149. L. sidoides essential oil was extracted from the leaves by the

steam distillation method in a Clevenger apparatus, as described by Craveiro er al.**
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Gas-Chromatography Mass spectral analysis

The chemical composition of the essential oil was determined by GL-Chromatography
coupled to mass spectroscopy performed on a Hewlett — Packard 5971 CG/MS instrument in a
polydimethylsiloxano-DB-5 (30 mm x 0.25 m film thickness) fused silica capillary column; the
carrier gas was helium (ImL/min). The column temperature ranged from 35 to 180°C; at
4°C/min, them from 180 to 280°C; at 20°C/min; mass spectra was obtained by electronic impact
at 70 V. The identification of the constituents was performed by computer-based library search,

with retention indices and visual interpretation of the mass spectra.”

Fungal strains

The strains were obtained from the fungal collection of the Medical Mycology
Specialized Center - CEMM (Federal University of Ceard, Brazil), where they were maintained
in saline (0.9% NaCl), at 28 °C. At the time of the analysis, an aliquot of each suspension was
taken and inoculated onto potato dextrose agar (Difco, Detroit, USA), and then incubated at 28°C
for 2-10 days. A total of ten strains of M. canis, five strains of C. albicans and three strains of C.
tropicalis were included in this study. Both M. canis and Candida spp. strains were isolated from
dogs and cats. In addition, C. parapsilosis (ATCC 22019) and C. krusei (ATCC 6528) strains

were used as a quality control.

Inoculum preparation for antifungal susceptibility tests

L 12, stock

For the agar-well diffusion method, based on Tepe ef al.”> and Gurgel et a
inocula were prepared on day 2 and day 10 for Candida spp. and M. canis, respectively, grown
on potato dextrose agar (Difco, Detroit, USA), at 28° C. Potato dextrose agar was added to the
agar slant and the cultures were gently swabbed to dislodge the conidia. The suspension of
conidia with blastoconidia of Candida spp. or suspension of hyphal fragments of M. canis was
transferred to a sterile tube and adjusted by turbidimetry to obtain an inoculum of approximately

10° and 10° cfu /mL for Candida spp. and M. canis, respectively. The optical densities of the

suspensions were spectrophotometrically determined at 530 nm.
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For the broth microdilution method, the standardized inoculum (2.5 — 5 x 10’ cfu/mL)
for Candida spp. and (5 x 10" cfu/mL) for M. canis were also prepared by turbidimetry. Stock
inoculum were prepared on day 2 and on day 10 for Candida spp. and M. canis, respectively,
grown on potato dextrose agar at 28°C. Sterile saline solution (0.9%) was added to the agar slant
and the cultures were gently swabbed to dislodge the conidia from the hyphal mat and from the
blastoconidia for M. canis®® and Candida spp.”, respectively. The suspensions of conidia with
hyphal fragments of M. canis and blastoconidia suspension of Candida spp. were transferred to
sterile tubes and the volume of both suspensions adjusted to 4 mL with sterile saline solution.
The resulting suspension was allowed to settle for 5 min., at 28°C, and its density was read at
530nm and then adjusted to 95% transmittance. The suspensions were diluted to 1:2000 for
Candida spp and 1:500 for M. canis, both with RPMI 1640 medium (Roswell Park Memorial
Institute — 1640) with L-glutamine, without sodium bicarbonate (Sigma Chemical Co., St. Louis,
Mo.), buffered at pH 7.0 with 0.165M morpholinepropanesulfonic acid (MOPS) (Sigma
Chemical Co., St. Louis, Mo.), to obtain the inoculum size of approximately 2.5 — 5 x 10° and 5

x 10* cfu/mL for Candida spp. and M. canis, respectively.

Agar-well diffusion susceptibility test

The antifungal activity of essential oils from L. sidoides was evaluated against C.
albicans (n =5), C. tropicalis (n = 3) and M. canis (n = 10), by the agar-well diffusion method.'*
* Petri dishes with a diameter of 15 cm were prepared with Potato Dextrose Agar (Difco, Detroit,
USA). The wells (6 mm in diameter) were then cut from the agar and 0.100 mL of essential oil or
drugs was delivered into them. The oil was weighed and dissolved in mineral oil to obtain the test
concentrations of 25, 50, 75 and 100 mg/mL. Stock solutions of griseofulvin (1mg/mL; Sigma
Chemical Co., St. Louis, USA) and amphotericin B (5 pg/mL; Sigma Chemical Co., USA) were
prepared in distilled water and tested as positive controls for M. canis and Candida spp.,
respectively. Each fungal suspension was inoculated on to the surface of the agar. After
incubation, for 3-5 days for Candida spp. and 5-8 days for M. canis, at 28-35°C, all dishes were
examined for zones of growth inhibition and the diameters of these zones were measured in

millimetres. Each experiment was repeated at least twice.
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Broth microdilution method

The minimum inhibitory concentration (MIC) and minimum fungicidal concentration
(MFC) for Candida spp. were determined by the broth microdilution method, in accordance with
the Clinical and Laboratory Standards Institute guidelines — CLSI (formerly NCCLS; M27-A2).%’
The broth microdilution assay for M. canis was performed as previously described,”® ** *° based
on the M38-A document ° 0, in accordance with CLSI.

The essential oil of L. sidoides was prepared in 100% mineral oil. Amphotericin B
(AMB) (Sigma, Chemical Co., USA) and griseofulvin (Sigma Chemical Co., St. Louis, USA)
were prepared in distilled water. For the susceptibility analysis, the essential oil was diluted in
mineral oil and tested in a concentration range between 0.002 and 5 mg/mL.

The microdilution assay was performed in 96-well microdilution plates. Growth and
sterile control wells were included for each isolate tested. The microplates were incubated at
37 °C and read visually after 2 days for Candida spp. and 5 days for M. canis. All isolates were
run in duplicate and repeated at least twice. The MIC was defined as the lowest oil concentration
that caused 80 % inhibition of visible fungal growth. The results were read visually as
recommended by CLSI. The MFC was determined by subculturing 100 uL of solution from wells
without turbidity, on potato dextrose, at 28°C. The MFCs were determined as the lowest
concentration resulting in no growth on the subculture after 2 days for Candida spp. and 5 days

for M. canis.

Animals

Wistar rats (Rattus norvergicus; 180-200 g) and Swiss mice (Mus musculus; 25-30 g),
of both sexes, were housed in temperature-controlled rooms and were given food and water ad
libitum until used. All the protocols that included animals were approved by the committee for
ethics in research of the State University of Ceard, Fortaleza, Ceard, Brazil. The animals were
used as recommended by the guide for the care and use of laboratory animals from the National

Academy Press (USA; 1996) which ful fils the principles for animal use in Brazil.

Acute and subchronic toxicity
For the acute toxicity analysis, the essential oil was administered to the mice (n = 10

mice per group) orally or intraperitoneally at doses ranging from 100 to 3000 mg/kg. The results
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obtained were compared to those for the control animals (3% Tween 80 in saline v/v). The Lethal
Dose 50 (LDsp) was calculated by the probit method by using SPSS 7.0 for windows. The
animals were observed for an additional period of 1 h and the general effects were noted in a
table modified from Malone.”’

In the subchronic toxicity of the essential oil of L. sidoides, after 30 days of oral
administration to rats, the following parameters were evaluated: haematological,
histopathological and serum biochemistry. The rats were separated into two groups (n =
10/group) and treated with L. sidoides essential oil (117.95 mg/kg/day) or 3% Tween 80 in saline
(v/v) by oral gavages. Blood samples were collected by puncture in the infraorbital plexus at day
0 (one day before starting essential oil or vehicle administration) and then on days 15 and 30. The
serum concentration of urea, creatinine, glutamic-oxalacetic (GOT) and glutamic-pyruvic (GPT)
transaminases were determined by using commercial kits (Labtest, Lagoa Santa, MG, Brazil).
The blood samples collected at day 0 and 30 were used for red cells and leucocytes count and for
haemoglobin and hematocrit. The values obtained were compared within and between the groups.
Additionally, at the end of the experimental period (30 days), histopathological analysis of heart,

lungs, liver, kidneys and spleen were performed by optical microscopy.

Statistical analysis

The antifungal activity evaluated by the agar-well diffusion method was expressed as
mean + SD of the diameter of the growth inhibition zones (mm). The antifungal activity of the
essential oils was analysed by linear correlation for individual analysis and the two-tailed paired
Student's t test was used to evaluate differences between the data of essential oils and the
controls. The LDsy was calculated at 95% confidence intervals, using SPSS 7.0 for Windows. The
data obtained from subchronic toxicological studies were expressed as mean + 95% confidence
intervals and data range. The differences within and between the groups were evaluated by the
analysis of variance method followed by the correction of Tukey-Kramer with the significance

level set at 5%.
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Results

The chemical analysis of the L. sidoides is shown in Table 1. The major constituents of
the essential oil of L. sidoides were thymol (59.65%), E-caryophyllene (10.60%) and para-
cymene (9.08%).

The essential oil from L. sidoides was effective against all tested strains in the agar-well
diffusion susceptibility tests (Table 2). The L. sidoides oil induced a significant growth inhibition
zone (36.8mm * 12.4) in the lower concentration (25 mg/mL) against M. canis (n = 10). In
concentrations = 50 mg/mL, this essential oil totally inhibited M. canis (n = 10) grown in culture.
For Candida strains (n = 8), the maximal inhibition of fungal growth induced by L. sidoides oil
was 23.3mm * 1.8, at the higher used dose (100 mg/mL). The positive control, griseofulvin,
induced a significant growth inhibition zone (51.6mm + 6.7) against M. canis (n = 10) and
amphotericin B induced a significant growth inhibition zone (10.8mm % 1.5) against Candida
spp (n =38).

By way of the broth microdilution method, it was seen that MICs for M. canis strains (n =
6) ranged from 4 to 70 mg/L. and MFCs ranged from 9 to 150 mg/L. The MICs for Candida spp.
strains (n = 6) ranged from 620 to 2500 mg/L and the MFCs ranged from 1250 to 5000 mg/L
(Table 3).

The oral or intraperitoneal administration of the essential oil at doses ranging from 100 to
3000 mg/kg did not induce any remarkable alterations in the behaviour pattern of mice. The
calculated LDs for essential oil of L. sidoides was 117.95 (110.61-125.29) mg/kg.

The sub-chronic administration of L. sidoides essential oil (117.95 mg/kg/day) was devoid
of overt toxicity. The body weight, which was not affected by the treatment was 322.9 + 18.96 g
on day 1 and 328.3 + 22.67 g day 30, compared to 331.1 £ 24.0g vs. 357.2 £ 21.2 in vehicle
treated animals. Moreover, the serum biochemical parameters observed, i.e., creatinine, urea and
glutamic-oxalacetic and glutamic-pyruvic transaminases, were not significantly affected (Table
4). The histopathological evaluation of liver, kidneys, lungs, heart and spleen did not reveal any
structural alterations in those organs obtained from L. sidoides essential oil treated animals or in
vehicle treated animals. Similarly, the evaluations of red and white blood cells did not reveal any

remarkable sign of hematological toxicity induced by L. sidoides essential oil (Table 5).
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Discussion

11, 14 It is

Plant essential oils are a potentially useful source of antimicrobial compounds.
often quite difficult to compare the results obtained in different studies, because the compositions
of the essential oils can vary greatly depending upon the geographical region, the variety, the age
of the plant, the method of drying and the method of extraction of the oil.

In spite of the above-mentioned difficulties, essential oils from medicinal plants are
excellent candidates for the development remedies for many infectious diseases, including

mycosis, due to the increasing development of antimicrobial resistance as well as the appearance

of undesirable effects of some antifungal agents.""

Early reports on L. sidoides essential oil revealed its antimicrobial action. Lemos er al.**
reported the highest and broadest activity against bacteria and fungi, including yeasts,
dermatophytes and non-dermatophyte fungi. The present study shows that the essential oil from
L. sidoides is quite effective against M. canis, the most common species of dermatophytes that

cause superficial fungal infection in cats and dogs worldwide.> *°

It induced a significant growth
inhibition zone in the lower concentration (25 mg/mL), and in concentrations = 50 mg/mL this
essential oil totally inhibited M. canis grown in culture. The positive control, griseofulvin
induced inhibition zone of 51.6mm * 6.7 in the agar-well diffusion method.

Concerning Candida spp., which are important yeasts involved in human and animal

. 4,6, 10
mycosis,

L. sidoides essential oil induced significant growth inhibition zones varying from
9.8 £ 0.9 to 23.3mm * 1.8. Amphotericin B induced inhibition zones of 10.8mm % 1.5 in the
agar-well diffusion method.

Previous research has suggested that several essential oils show important in vitro
antifungal activity, with varied MIC and MFC values, against dermatophytes, yeasts and other
fungi. * ' !7 193334 1 this study the MICs for M. canis strains ranged from 4 to 70 mg/L and the
MEFECs ranged from 9 to 150 mg/L. The MICs for C. albicans and C. tropicalis ranged from 620
to 2500 mg/L and the MFCs ranged from 1250 to 5000 mg/L. Candida spp. and M. canis strains
used by Brito ef al. * and Brilhante et al. *°, respectively, as well as C. parapsilosis ATCC 22019
and C. krusei ATCC 6528 were used as controls in MIC determinations and the results were

within the recommended limits (Candida spp. MIC: 1 mg/L for Amphotericin B and M. canis
MIC: 1 mg/L for Griseofulvin).
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By way of the agar-well diffusion and the broth microdilution methods, this study shows
that the essential oil of L. sidoides causes fungicidal activity. As there is a good correlation
between the MICs, MFCs and the agar-well diffusion values of essential oil of L. sidoides, it may
be concluded that the antifungal activity of essential oils could be preliminary investigated in the
agar-well diffusion test for rapid screening.

1

The antimicrobial activity of essential oils from Achillea setacea,”’ Pimpinella anisum,’

11, 19, 20 14, 15

Sesuvim portulacastrum,”® Melaleuca alternifolia, Juniperus spp.,'® Allium spp., and

Thymus spp.>> ** is well-known. The results obtained in the present research were very important
to include the L. sidoides Cham. in this list of plants with antifungal activity.

Concerning M. pachydermatis, which is the most common yeast in dermatitis and otitis
externa in dogs,5 although it was not the aim of this research, the essential oil from L. sidoides
Cham. was also tested for antifungal activity against this yeast, in vitro, by the agar-well
diffusion method. Therefore, our preliminary data evidenced that essential oil from L. sidoides
was effective in a dose-related way, being, at the lower used dose (25 mg/mL), as efficient
(growth inhibition zone: 30.0 mm + 10.0; n = 10; data not shown) as the positive control
itraconazole (29.7 mm + 9.0; n = 10; data not shown). Therefore, these data reinforce the
potential antifungal activity of this essential oil.

To identify the composition of the oil from L. sidoides Cham., the oil derived from steam
distillation was analysed by gas-chromatography mass spectral. The main component was thymol
(59.65%). The main constituents of essential oils, which show important antifungal activity, are
phenolic compounds (terpenoids and phenylpropanoids), such as thymol, carvacrol or eugenol, of
which antimicrobial activity is well documented.'® Therefore, the activity of the essential oil from
L. sidoides against Candida spp. M. canis and M. pachydermatis may partly be explained by the
high amounts of thymol, which was previously reported to be effective as antifungal.** **

Regarding pharmacokinetics studies with the essential oil from L. sidoides, this research
was limited in this field. However, due to its high liposolubility, it would appear that the
absorption of this essential oil after oral or intraperitoneal routes would not be impaired as can be
confirmed by the LDsy experimental protocol (LDsyp = 117.95 mg/kg). Corroborating the
methodology used for the evaluation of the acute and subchronic toxicity performed in this

research, other studies have used a similar strategy for the toxicology study of essential oils.** *°
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In addition, a study using thymol has shown that thymol sulfate and thymol glicuronide can be
detected, after one single oral administration, for 24 hours in urine and 41 hours in plasmal.3 6

The use of the essential oils from L. sidoides did not induce any significant acute
toxicological alterations in the mice. The subchronic daily administration of L. sidoides essential
oil, per 30 days; p.o, did not induce any remarkable alterations in the biochemical or
haematological analyzed parameters nor was there any increase in the weight or structural pattern
of the main organs, as revealed by histopathological analysis. Despite additional tests, such as
reproductive toxicity analysis, cytotoxic and mutagenesis evaluation must be performed, the
present results show that L. sidoides essential oil is probably safe for acute use in vivo.

In this preclinical phase, the crude essential oil from L. sidoides Cham. used by oral or
intraperitoneal routes was evaluated to determine whether it induce any intoxication signs
(physical, behavioral, biochemical, hematological or histopathological changes), after acute or
subchronic experiments. Thus, the results obtained in this stage will certainly be helpful in future
clinical studies, where specific tests will be performed to establish the safe profile of this
essential oil for clinical use.

Due to its broad spectrum of antifungal effect, in vitro, and low toxicity, the essential oil
of L. sidoides Cham. is a promising source in the search for new antifungal drugs. However,
specific pharmacological approaches will be needed in future clinical trials to validate its use as a

phytotherapeutic product.
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Table 1 - Chemical composition of L. sidoides Cham. essential oil.

*K.I. Components Composition (%)
931  o-Thujene 1.48
939  «-Pinene 0.51
991 Myrcene 5.43
1018  o-Terpinene 1.43

1026 para-Cymene 9.08
1031 Limonene 1.01
1050 E-p-Ocimene 0.27
1062 y-Terpinene 3.83
1098 Linalool 0.28
1171 Umbellulone 0.46
1235 Methyl Thymylether 1.79

1290 Thymol 59.65
1376  a-Copaene 0.66

1419 E-Caryophyllene 10.60
1439 Aromadendrene 0.53
1455 o-Humulene 0.56
1459 Dehidroaromadendrane 0.91
1524 o-Cadinene 0.35
1581 Caryophyllene Oxide 0.72

“Retention index. The identified constituents are listed in their

order of elution from a non-polar column.
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Table 2- Antifungal activity of the essential oil from L. sidoides Cham. against M. canis and

Candida spp. in agar-well diffusion assay

Strains Growth inhibition zones (mm)
L. sidoides essential oils (mg/mL) Griseofulvin Amphotericin B
(mg/mL) (ug/mL)
25 50 75 100 1 5
M. canis
CEMM 01-3-188 48 TI TI TI 55 -
CEMM 01-5-190 35 TI TI TI 60 -
CEMM 01-4-104 29 TI TI TI 55 -
CEMM 01-3-165 30 TI TI TI 60 -
CEMM 01-2-133 20 TI TI TI 58 -
CEMM 01-4-097 34 TI TI TI 48 -
CEMM 01-3-173 35 TI TI TI 47 -
CEMM 01-4-086 35 TI TI TI 46 -
CEMM 01-3-004 60 TI TI TI 45 -
CEMM 01-4-102 42 TI TI TI 42 -
(mean + SD) 36.8 +12.4° TI TI TI 51.6£6.7 -
Candida spp.
CEMM 01-3-075 10 16 24 25 - 14
(C. albicans)
CEMM 01-3-069 10 18 24 24 - 10
(C. albicans)
CEMM 01-3-077 11 17 23 23 - 12
(C. albicans)
CEMM 01-3-074 10 16 22 24 - 11
(C. albicans)
CEMM 01-3-068 10 19 25 25 - 10
(C. albicans)
CEMM 01-2-063 10 17 24 24 - 10
(C. tropicalis)
CEMM 01-2-078 08 12 13 20 - 10
(C. tropicalis)
CEMM 01-2-081 09 16 17 21 - 09
(C. tropicalis)
(mean + SD) 9.84+0.9 16.4¢2.1°  21.54#42°  23.3+1.8° 108+ 1.5

TI= Total inhibition of fungal growth
Letters means significant differences in the columns at p< 0.05

Each experiment was repeated at least twice



Table 3- Minimum inhibitory and fungicidal concentrations of L. sidoides Cham. essential oil

against M. canis and Candida spp. in broth microdilution method

Strains L. sidoides essential oil
MIC MFC
(mg/L) (mg/L)
C. albicans
CEMM 01-3-075 1250 2500
CEMM 01-3-069 1250 2500
CEMM 01-3-077 620 1250
CEMM 01-3-074 1250 2500
C. tropicalis
CEMM 01-2-078 2500 5000
CEMM 01-2-063 1250 2500
(Geometric range) 1240 2500
M. canis
CEMM 01-3-188 10 30
CEMM 01-5-190 30 70
CEMM 01-4-104 70 150
CEMM 01-3-165 9 10
CEMM 01-2-133 9 10
CEMM 01-4-097 4 9
(Geometric range) 13.7 25.6

MIC: Minimum inhibitory concentration
MEFC: Minimum fungicidal concentration
CEMM: Specialized Centre of Medical Mycology



Table 4 - Serum biochemical parameters during sub-chronic oral administration of L. sidoides

Cham. essential oil

Groups urea (mg/dL) creatinine (mg/dL) GOT (U/mL) GPT (U/mL)

L. sidoides

Day 0 88.71 £ 19.85 0.87 £0.09 100.2 + 15.89 52.1 £9.98
(n=10) (n=10) (n=10) (n=10)

L. sidoides

15™ day 55.96 +4.87 0.87 +£0.16 125.7 + 10.33 55.54 +£9.15
(n=09) (n=08) (n=09) (n=09)

L. sidoides 46.56 + 8.65 0.84 £ 0.06 135.3 + 12.94 41.86 £ 10.52

30™ day (n=09) (n=09) (n=09) (n=09)

Vehicle 51.8 +£18.65 1.04 £0.05 138.3 + 15.89 37.02 £ 13.68

Day 0 (n=10) (n=10) (n=10) (n=10)

Vehicle 64.4 +9.53 0.89 +0.13 120.3 +10.33 66.36 +13.77

15" day (n=10) (n=10) (n=10) (n=10)

Vehicle 48.4 +7.68 097 +£0.15 122.2 +12.94 50.25 +14.25

30" day (n=10) (n=10) (n=10) (n=10)

Data are expressed as mean = SD
No statistical differences were noted
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Table 5 - Haematological parameters during sub-chronic oral administration of L. sidoides Cham.

essential oil

Day 0 30™ day

Parameters Mean + SD CI (95%) Mean + SD CI (95%)

6 3
Red Cells x 10 /mm 36+1.75 35x10°-3.7x10° 35x10° +0.18x10° 3.3 x 10° -3.6 x 10°

Haemoglobin g/dL 89+13 8.08 - 9.69 8.4+1.28 7.47-9.32
Hematocrit % 28712 27.84-29.62 28.45+1.17 27.61-29.29
Leucocytes x 10° / mm® 6820 + 877 6121 -7519 6590 + 967.8 5898 - 7282

SD= standard deviation; CI=confidence interval.
No statistical differences were noted
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Resumo

Objetivo: O principal objetivo do trabalho foi encontrar novos agentes antiftingicos a partir do
6leo essencial de espécies brasileiras de Croton.

Métodos e Resultados: As folhas das plantas foram maceradas, os 6leos essenciais foram
obtidos por arraste em vapor d’dgua e seus constituintes quimicos foram analisados por
cromatografia gasosa acoplada a espectometria de massa. Os principais constituintes encontrados
no C. zenhtneri foram o estragol e o anetol. O metil-eugenol e o biciclogermacreno foram os
constituintes majoritarios do C. nepetaefolius e o espatulenol e o biciclogermacreno foram os
principais contituintes do C. argyrophylloides. A atividade antiftingica, in vitro, foi inicialmente
avaliada pela técnica de difusdo em 4gar, a concentragdo inibitéria minima (CIM) e a
concentracdo fungicida minima (CFM) foram determinadas pelo método de microdiluicdo em
caldo. Testes de toxicidade aguda foram realizados em camundongos. Os dleos essenciais das
espécies de Croton demonstraram melhor atividade antifiingica contra as cepas de M. canis. Das
trés plantas analisadas, o C. argyrophylloides apresentou uma melhor atividade para M. canis
com CIM variando de 9 a 19 pg mI™. A administragdo aguda dos Gleos essenciais até 3 g/kg por
via oral, em camundongos, foi desprovida de toxicidade.

Conclusao: Os 6leos essenciais foram ativos, in vitro, contra o dermatéfito M. canis e nio
apresentaram toxicidade aguda in vivo.

Significancia e Impacto do estudo: Devido a atividade antifliingica e a baixa toxicidade, os 6leos
essenciais das espécies de Croton sdo fontes promissoras para novos agentes fitoterdpicos
objetivando o tratamento de dermatofitoses.

Palavras-chave: Croton spp., 6leo essencial, M. canis, Candida, veterindria, atividade

antifingica.
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Abstract

Aims: To find new antifungal agents among essential oils from Brazilian Croton species.
Methods and Results: Plant leaves were steam distilled and the obtained essential oils were
analyzed by gas chromatography/mass spectroscopy. The main constituents were estragole and
anethole for C. zehntneri, methyl-eugenol and bicyclogermacrene for C. nepetaefolius and
spathulenol and bicyclogermacrene for C. argyrophylloides. The antifungal activity of essential
oils was evaluated against Candida albicans, Candida tropicalis and Microsporum canis by the
agar-well diffusion method and the minimum inhibitory concentration (MIC) by the broth
microdilution method. Essential oils of Crofon species demonstrated better activity against M.
canis. Among the three plants C. argyrophylloides showed the best results, with MIC ranging
from 9 to 19 ug ml"'. The acute administration of the essential oil up to 3 g/Kg by the oral route
to mice was devoid of overt toxicity.

Conclusions: The studied essential oils are active in vitro against the dermatophyte M. canis and
present relative lack of acute toxicity in vivo.

Significance and Impact of the Study: Due to its antifungal activity and low toxicity, the
essential oils of studied Croton species are promising sources for new phytotherapeutic agents to

treat dermatophytosis.

Keywords: Croton spp., Essential oil, Microsporum canis, Candida spp., Veterinary, antifungal

activity.



62

Introduction
During the past several years there has been an increasing incidence of fungal infections
due to growth in immunocompromised people, such as organ transplant, cancer and HIV/AIDS
patients. This fact, coupled with the resistance to antibiotics and the toxicity during prolonged
treatment with many antifungal drugs (Giordani et al., 2001), has prompted an extensive search

for newer drugs to treat mycosis (Fostel and Lartey, 2000).

The conventional treatment of fungal diseases is limited in comparison with antibiotic
therapy for bacterial infection. Part of the reason is that fungi are eukaryote organisms, thus
making it difficult to develop a drug that is selectively toxic to the fungal cell and not to the host
(Harris, 2002). In addition to the small number of drugs available for mycosis treatment, the
emerging resistance has been encouraging the search for alternatives that are more efficient,

cheaper and less toxic than traditional therapies and natural products (Cavaleiro et al., 2006).

The use of plant extracts and phytochemicals with known antifungal properties can be of
great significance in therapeutic treatments. In recent years, a number of studies have been
conducted in different countries to prove such efficiency (Prasad et al., 2004; Pyun and Shin,
2006; Ledezma and Apitz-Castro, 2006; Unland and Higgins, 2006; Rasooli et al., 2006;
Matasyoh et al., 2007; Fontenelle et al., 2007). Antimicrobial properties of plants are due to

compounds synthesized in their secondary metabolism (Nascimento et al., 2000).

Many plants from Brazilian biomes have been used as natural medicines by local
population for treatment of many diseases, including mycosis (Souza et al., 2002; Duarte et al.,
2005; Cruz et al., 2007) and several plants have shown antimicrobial properties (Bertini et al.,

2005; Botelho et al., 2007). Considering that the Caatinga scrublands is a biome with extreme



63

diversity of medicinal plants, more phytochemical and pharmacological research is needed to

establish the potential use of these plants as alternative treatments (Almeida et al., 2006).

Widespread in the flora of northeastern Brazilian, mainly in the Caatinga region, Croton
species are used for several purposes in folk medicine. Some pharmacological activities of
Croton essential oils have been validated, such as antispasmodic, antimicrobial and
antihypertensive activity for Croton nepetaefolius (De Albuquerque et al., 1974; Lahlou et al.,
2000; Magalhaes et al., 2004). In addition, the antinociceptive and antimicrobial effects of Croton
zehntneri have been demonstrated (Lemos et al., 1990; Oliveira et al., 2001). Morais et al. (2006)
have reported that the essential oils of C. zehntneri, C. nepetaefolius, C. argyrophylloides and C.
sonderianus showed in vitro larvicidal effect against Aedes aegypti. However, the antifungal
properties of the essential oil from above-cited Croton species remain unknown.

The aims of this study were to determine the chemical constitution of the essential oils from
C. nepetaefolius, C. argyrophylloides and C. zehntneri species, to test their essential oils in vitro
antifungal activity against Candida spp. and M. canis, and to evaluate their acute toxicological

effects in vivo.

Materials and Methods
Plant material and extraction of essential oils

Plant samples were collected in Vigosa city, Ceard State (3 °33°46°’ latitude S, 41 “05°42"’
longitude W), situated in Northeastern Brazil. The taxonomic identification was confirmed by
botanists of the Prisco Bezerra Herbarium (Federal University of Ceard, Brazil), where voucher
specimens were deposited with reference numbers 32448, 32444 and 32446 for C. nepetaefolius,

C. argyrophylloides and C. zehntneri respectively. The Croton species’ essential oils were
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extracted from leaves by the steam distillation method in a Clevenger type apparatus, as

described by Craveiro et al. (1976).

Gas-chromatography / mass spectral (GC-MS) analysis

The chemical analysis of the essential oils constituents was performed on a Shimadzu QP-
2010 instrument employing the following conditions: column: DB-5ms (Agilent, part No. 122-
5532) coated fused silica capillary column (30 m x 0.25mm x 0.25um); carrier gas: He (1
mL/min, in constant linear velocity mode); injector temperature was 250 °C, in split mode
(1:100), and the detector temperature was 250 °C. The column temperature programming was 35
to180 °C at 4 °C/min then 180 to 280 °C at 17 °C/min, and at 280 °C for 10 min; mass spectra:
electron impact 70 eV. The injected sample volume was 1 L. Compounds were identified by
their GC retention times relative to known compounds and by comparison of their mass spectra
with those present in the computer data bank (National Institute for Standard Technology — NIST

— 147,198 compounds) and published spectra (Adams, 2001; Stenhagen et al., 1974).

Fungal strains

A total of ten strains of M. canis, five strains of C. albicans and three strains of C. tropicalis
were included in this study. Both M. canis and Candida spp. strains were isolated from
symptomatic dogs and cats. The strains were stored in the fungal collection of the Specialized
Medical Mycology Center — CEMM (Federal University of Ceard, Brazil), where they were
maintained in saline (0.9% NaCl), at 28°C. At the time of the analysis, an aliquot of each
suspension was taken and inoculated into potato dextrose agar (Difco, Detroit, USA), and then

incubated at 28 °C for 2-10 days.
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Inoculum preparation for antifungal susceptibility tests

For the agar-well difusion method, based on Gurgel et al. (2005) and Fontenelle et al.
(2007), stock inocula were prepared on day 2 and day 10 for Candida spp. and M. canis,
respectively, grown on potato dextrose agar (Difco, Detroit, USA) at 28° C. Potato dextrose agar
was added to the agar slant and the cultures were gently swabbed to dislodge the conidia. The
suspensions with blastoconidia of Candida spp. or suspension of hyphal fragments of M. canis
were transferred to a sterile tube and adjusted by turbidimetry to obtain inocula of approximately
10° cfu/mL blastoconidia of Candida spp. and 10° cfu/mL hyphal fragments or conidia of M.
canis. The optical densities of the suspensions were spectrophotometrically determined at 530 nm
and then adjusted to 95% transmittance.

For the broth microdilution method, standardized inocula (2.5 — 5 x 10’ cfu/mL for Candida
spp. and 5 x 10* cfu/mL for M. canis) were also prepared by turbidimetry. Stock inocula were
prepared on day 2 and day 10 for Candida spp. and M. canis cultures, respectively, grown on
potato dextrose agar at 28°C. Sterile normal saline solution (0.9%; 3 mL) was added to the agar
slant and the cultures were gently swabbed to dislodge the conidia from the hyphal mat for M.
canis (Brilhante et al., 2005) and the blastoconidia from Candida spp. (Brito et al., 2007). The
suspensions of conidia with hyphal fragments of M. canis and blastoconidia suspension of
Candida spp. were transferred to sterile tubes, and the volume of both suspensions adjusted to 4
ml with sterile saline solution. The resulting suspensions were allowed to settle for 5 min at 28°C,
and their density was read at 530nm and then adjusted to 95% transmittance. The suspensions
were diluted to 1:2000 for Candida spp. and 1:500 for M. canis, both with RPMI 1640 medium

(Roswell Park Memorial Institute — 1640) with L-glutamine, without sodium bicarbonate (Sigma



66

Chemical Co., St. Louis, Mo.), buffered to pH 7.0 with 0.165M morpholinepropanesulfonic acid
(MOPS) (Sigma Chemical Co., St. Louis, Mo.), to obtain the inoculum size of approximately 2.5

— 5 x 10’ for Candida spp. and 5 x 10* cfu/ml for M. canis.

Agar-well diffusion susceptibility test

The antifungal activity of essential oils from Croton species were evaluated against C.
albicans (n=5), C. tropicalis (n=3) and M. canis (n=10), by the agar-well diffusion method
according to Gurgel et al. (2005) and Fontenelle et al. (2007). Petri dishes with 15 cm diameter
were prepared with potato dextrose agar (Difco, Detroit, USA). The wells (6 mm in diameter)
were then cut from the agar and 0.100 mL of essential oil was delivered into them. The oil was
weighed and dissolved in mineral oil to obtain the test concentrations of 25.000, 50.000, 75.000
and 100.000 ug mL™". Stock solutions of griseofulvin (1000 ug mL™"; Sigma Chemical Co., St.
Louis, USA) and amphotericin B (5 ug mL"; Sigma Chemical Co., USA) were prepared in
distilled water and tested as positive controls for M. canis and Candida spp., respectively. Each
fungal suspension was inoculated on the surface of the agar. After incubation, for 3-5 days for
Candida spp. and 5-8 days for M. canis, at 28 °C, all dishes were examined for zones of growth
inhibition and the diameters of these zones were measured in millimeters. Each experiment was

repeated at least twice.

Broth microdilution method
The minimum inhibitory concentration (MIC) for Candida spp. was determined by the
broth microdilution method, in accordance with the Clinical and Laboratory Standards Institute —
CLSI (formerly NCCLS; M27-A2), (NCCLS, 2002). The broth microdilution assay for M. canis

was performed as described by Jessup et al. (2000), Fernandez-Torres et al. (2002) and Brilhante
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et al. (2005), based on the M38-A document (CLSI; formerly NCCLS, 2002). The Minimum
fungicidal concentration (MFC) for both Candida spp. and M. canis were determined according
Fontenelle et al. (2007). In addition, C. parapsilosis (ATCC 22 019) and C. krusei (ATCC 6528)

strains were used as quality controls for broth microdilution method.

The essential oils of Croton species were prepared in 100% mineral oil. Amphotericin B
(AMB) (Sigma, Chemical Co., USA) and griseofulvine (Sigma Chemical Co., St. Louis, USA)
were prepared in distilled water. For the susceptibility analysis, the essential oils were tested in
concentrations ranging from 4 to 5000 xg ml™".

The microdilution assay was performed in 96-well microdilution plates. Growth and sterile
control wells were included for each essential oil tested. The microplates were incubated at 37°C
and read visually after 2 days for Candida spp. and 5 days for M. canis. The assays for all
essential oils were run in duplicate and repeated at least twice. The MIC was defined as the
lowest oil concentration that caused 100% inhibition of visible fungal growth. The results were
read visually as recommended by CLSI. The MFC was determined by subculturing 100 uL of
solution from wells without turbidity, on potato dextrose, at 28 “C. The MFCs were determined
as the lowest concentration resulting in no growth on the subculture after 2 days for Candida spp.

and 5 days for M. canis.

Animals
Swiss mice (Mus musculus; 25-30 g), of both sexes, were housed in temperature-controlled
rooms and given water and food ad libitum until used. All the protocols that included animals
were approved by the research ethics committee of the State University of Ceard, Fortaleza,

Ceard, Brazil. The animals were used as recommended by the guide for the care and use of
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laboratory animals from the National Academy Press (USA; 1996) which is in line with the

principles for animal use in Brazil.

Acute toxicity
For the acute toxicity analysis, the essential oil was administered to the mice (n = 10 mice
per group) orally or intraperitoneally at doses ranging from 100 to 3000 mg/kg. The results
obtained were compared with those for the control animals (3% Tween 80 in saline v/v). The
lethal dose 50 (LDso) was calculated by the probit method by using SPSS 7.0 for Windows. The
animals were observed for an additional period of 1 h and the general effects were noted in a

modified table from a previous work (Malone and Robichaud, 1962).

Statistical analysis
The antifungal activity evaluated by the agar-well diffusion method was expressed as mean
+ SD of the diameter of the growth inhibition zones (mm). The antifungal activity of the
essential oils was analyzed by linear correlation for individual analysis and by the one-way
ANOVA followed by Tukey test to evaluate differences between the effect of different doses of
each essential oil. The LDsy was calculated at 95% confidence intervals, using SPSS 7.0 for

Windows.

Results
The chemical analyses demonstrated that C. nepetaefolius has methyl-eugenol (15.7%) and
bicyclogermacrene (14.1%) as main constituents, while the main constituents of C.
argyrophylloides are spathulenol (20.3%) and bicyclogermacrene (11.7%), and those of C.

zehntneri are estragole (72.9%) and anethole (14.3%) (Table 1).
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Through the agar-diffusion method, this study shows that essential oils from C.
nepetaefolius and C. argyrophylloides were effective only against M. canis strains (n = 10).
Nevertheless, the essential oil from C. zenhtneri was effective against both M. canis and Candida
species (Tables 2 and 3). Briefly, C. nepetaefolius essential oil was effective against M. canis at
concentrations of 25000, 50000, 75000 and 100000 xg ml”, but no statistically significant
difference was found among the three last concentrations. C. argyrophylloides also presented a
relevant antifungal activity against M. canis, showing a tendency to a dose-dependent effect, and
the best activity was obtained using 100000 xg ml™ (growth inhibition zone: 31.2 mm % 9.9). C.
zehntneri inhibited M. canis growth at all concentrations and the best effect (22 mm * 7.3) was
obtained with the highest concentration (Table 2). The positive control, Griseofulvin, induced
significant growth inhibition zones (51.6mm * 12.4). On the other hand, the negative control,
mineral oil, was devoid of antifungal effect against all strains of M. canis (n = 10) and Candida
spp (n = 8).

The essential oils obtained from C. nepetaefolius and C. argyrophylloides were ineffective
against Candida spp. strains (n=8) in the agar-well diffusion susceptibility tests, even in higher
concentration (100000 ug mL™) (Table 3). On the other hand, C. zehntneri essential oil was
effective against these yeasts. The maximal inhibition of fungal growth was obtained with
100000 zg mL™"' (12.6mm = 1.1), but there were no differences among the tested concentrations.
The positive control, amphotericin B, had a significant effect (10.7mm % 1.5) (Table 3).

Through the broth microditution method, it was seen that the MIC of C. zehntneri essential
oil against M. canis strains (n = 6) ranged from 620 to 1250 ug ml'and the MFC ranged from
1250 to 2500 ug ml™'. The MIC of C. zehntneri essential oil for Candida spp. strains (n = 6) was

> 2500 ug ml™" and the MFC was > 5000 ug mL". C. argyrophylloides and C. nepetaefolius
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essential oils were effective only against M. canis strains (n = 6), with MIC ranging from 9 to 19
ug mlI™ and MEC from 39 to 78 ug ml" for C. argyrophylloides essential oil and MIC > 5000 ug
ml™ for C. nepetaefolius essential oil (Table 4).

Concerning acute toxicity analysis, the oral administration of the essential oils at doses
ranging from 100 to 3000 mg/Kg induced no remarkable alterations in the behavior pattern of the
mice, such as: trembles, convulsions, dyspnea and ataxia. After the intraperitoneal administration,
the calculated LDsy for C. nepetaefolius and C. argyrophylloides were 163.8 mg/Kg (155.3-
172.3) and 168.6 mg/Kg (160.5-176.7), respectively. C. zehntneri was devoid of any overt
toxicity after intraperitoneal administration. None of the essential oils tested presented

remarkable signs of toxicity after oral administration up to 3 g/Kg.

Discussion

The data from this study provide evidence that the essential oils from C. nepetaefolius, C.
argyrophylloides and C. zehntneri could be an alternative natural source to treat dermatophytosis.
However, a specific study of the safety and in vivo efficacy of them and clinical trials are still
required to evaluate the practical relevance of the in vitro results. The acute toxicity analysis of
these Croton essential oils revealed that the oral administration at doses ranging from 100 to
3000 mg/Kg induced no remarkable alterations in the mice behavior pattern. C. zehntneri was
devoid of any overt toxicity after intraperitoneal administration. Although additional tests must
be performed, the results show that the essential oils of these Crofon species have no acute
toxicity. These preliminary toxicity data will be helpful in specific studies to establish the safe

profile of these essential oils.
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Among natural products, essential oils are one of the most promising groups from which a
new prototype of antifungal agents can be developed (Pyun & Shin, 2006). The ease of use and
relative lack of toxicity of many essential oils leads to numerous possible formulations of topical
application for dermatomycoses (Harris, 2002). Corroborating these opinions, different authors
have evidenced that plant essential oils are effective against some pathogenic fungi responsible
for these diseases (Harris, 2002; Duarte et al., 2005; Pyun and Shin, 2006; Fontenelle et al., 2007;
Tullio et al., 2007). In particular, we have demonstrated that essential oil of Lippia sidoides
Cham. is devoid of overt in vivo toxicity and has in vitro activity against M. canis, Candida
species and M. pachydermatis (Fontenelle et al., 2007), and now we have also shown that
essential oils from C. nepetaefolius, C. argyrophylloides and C. zehntneri posses in vitro

antifungal properties with no acute toxicity.

Several previous studies have demonstrated the activity of essential oils against
dermatophytes and Candida spp. (Tepe et al., 2005; Cavaleiro et al., 2006; Magwa et al., 2006;
Matasyoh et al., 2007; Fontenelle et al., 2007). However, there is no specific study of the
antifungal activity of essential oils from C. zehntneri, C. nepetaefolius and C. argyrophylloides.
In the present study using agar-well diffusion and broth microdilution methods, we have
demonstrated that C. zehntneri essential oils have in vitro antifungal activity against both M.
canis and Candida spp. However, C. nepetaefolius and C. argyrophylloides were efficient only
for M. canis. C. nepetaefolius essential oil was effective against M. canis at concentrations of
25000, 50000, 75000 and 100000 xg ml™, but no statistically significant difference was found
among the three last concentrations. There is no difference among the higher doses, because the
interval lies in the saturation area of the dose-response curve. So, we have differences only for

the extremities.
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Among these three plants C. argyrophylloides showed the best results against the
dermatophyte, with MIC ranging from 9 to 19 g ml” and MFEC from 39 to 78 ug ml™. The
results obtained here are very important to establish the essential oils of these Crofon species,
particularly from C. argyrophylloides, as promising plants from which a new prototype of

phytotherapeutic agent against dermatophyte can be developed.

The antifungal activity of the essential oil of C. zenhteneri may be attributed to its major
constituent estragole (methyl-chavicol) and/or anethole, which have shown antifungal properties
against Aspergillus parasiticus (Karapinar, 1990; Singh et al., 2006). The major constituents of
C. nepetaefolius were methyl-eugenol (15.7%) and bicyclogermacrene (14.1%). Methyl-eugenol
was isolated and identified as the antifungal constituent of the oil from Artemisia dracunculus L.
var. dracunculus (Meepagala et al., 2002). C. argyrophylloides presented as main constituents
spathulenol (20.3%) and bicyclogermacrene (11.7%), which were identified as antifungal
constituents of the essential oil of Hyptis suaveolens (L.) Poit. from Tanzania, and confirming the
hypothesis that these constituents have the capacity for inhibition the tested fungal strains since

they showed activity against other fungal species (Malele et al., 2003).

We suppose that there is a correlation between the antifungal activity of the studied
essential oils and their main components. Corroborating this hypothesis, previous studies have
demonstrated that essential oils in which spathulenol and caryophyllene oxide are the main
compounds have inhibitory activity on filamentous fungi species (Farag et al., 2004; Wengiang et
al., 2006). Although the antifungal activity of bicyclogermacrene from essential oils is unknown,
the antimicrobial potential of terpenoid compounds has already been described (Cavin et al.,
2006; Cavaleiro et al., 2006). The anti-Candida activity of C. zehntneri essential oil might be

related to its main compound, methyl chavicol. The antifungal potential of methyl chavicol alone
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(Shin and Kang, 2003) or in combination with ketoconazole (Shin and Pyu, 2004), has been
previously described, particularly against Candida species. Additionally, the effect of anethole, a
compound with a well-known antifungal potential (Fujita et al., 2007; Kordali et al., 2005) might
contribute to this anti-Candida effect.

In brief, due to their antifungal activity and its low toxicity, Croton species essential oils are
promising sources of new phytotherapeutic agents to treat mycoses, especially dermatophytosis.

However, in vivo studies must be performed to confirm this efficacy in vitro.
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Table 1 - Chemical composition of the essential oils of Croton species

K.L* components composition (% **)
C.a. C.n. C.z.
939  a-Pinene 5.6 - -
976 Sabinene 4.7 - -
991 Myrcene - - 0.4
1033 1,8-Cineole 11.2 8.0 0.6
1050 E-f-Ocimene - - 0.4
1189  o-Terpineol - 3.5 -
1196 Methyl chavicol - - 72.9
1285 Anethole - - 14.3
1298 Ortho-Vanillin - 5.0 -
1339 p -Elemene - - 0.2
1391 S -Elemene 6.2 3.7 0.3
1404 Methyl-Eugenol - 15.7 -
1413 E-oa-Bergamotene - 4.6 -
1419 E-Caryophyllene 5.7 114 1.6
1435 E-oa-Bergamotene - 9.1 0.2
1439 Aromadendrene - 34 -
1455  o-Humulene - 59 0.2
1461 Alloaromadendreno - - 0.3
1480 Germacrene-D - - 0.9
1485 S -Selinene 3.2 - -
1500 Bicyclogermacrene 11.7 14.1 5.1
1505 Cupareno - - 0.2
1506 S -Bisabolene - 3.0 0.2
1524 ¢ -Cadinene - - 0.2
1578 Spathulenol 20.3 4.3 0.6
1581 Caryophyllene Oxide - 4.4 -
1593 Veridiflorol - - 0.3

" Retention index. The identified constituents are listed in their order of elution from a non-polar
column.

" 9% peak area of the compounds in GC-FID chromatograms.

™" Methyl chavicol: Estragole

C. a.: Croton argyrophyllloides

C. n.: Croton nepetaefolius

C. z.: Croton zenhtneri

-: Components was not detected
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Table 2- Antifungal activity of the essential oils of Croton species against M. canis in the agar-

well diffusion assay

Essential oils/drug Growth inhibition zones (mean * SD): Microsporum canis

Essential oils and drug concentrations (ug mL™")
25000 50000 75000 100000 1000
C. nepetaefolius 102+1.7*  18.6+4.6" 18.7+#4.2° 19.8+7.2° -
C. argyrophylloides 14.8+4.0° 21.124.2*® 26.2+5.5° 31.249.9° -
C. zehntneri 11.8 £3.0" 16.8+5.8*" 18.7+4.4" 22473 -
Griseofulvin - - - - 51.6 6.7

Small letters mean significant differences in the rows at p< 0.05.
Each experiment was performed in duplicate.
(n=10)
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Table 3 - Antifungal activity of the essential oils of Croton species against Candida spp in the
agar-well diffusion assay

essential oils/drug growth inhibition zones (mean *+ SD): Candida spp

essential oil and drug concentrations (ug ml™)

25000 50000 75000 100000 5
C. nepetaefolius NI NI NI NI -
C. argyrophylloides NI NI NI NI -
C. zehntneri 74+1.1" 9.0+14" 10.0+1.5" 12.6 +1.1* -
Amphotericin B - - - - 10.75 £ 1.5

NI= No inhibition of fungal growth.

Small letters mean significant differences in the rows at p< 0.05.
Each experiment was done in duplicate.

(n=8)
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Table 4- Minimum inhibitory and fungicidal concentrations of essential oils of Croton species
against M. canis and Candida spp.

Strains Essential oil Essential oil Essential oil
C. nepetaefolius C. argyrophylloides C. zenhtneri
MIC* MFC* MIC MFC MIC MFC
C. albicans

CEMM 01-3-075 NI NI NI NI >5000 -
CEMM 01-3-069 NI NI NI NI >5000 -
CEMM 01-3-077 NI NI NI NI >5000 -
CEMM 01-3-074 NI NI NI NI >5000 -

C. tropicalis -
CEMM 01-2-078 NI NI NI NI 2500 5000

CEMM 01-2-063 NI NI NI NI 2500 5000
(Geometric range) - - - - 2500 5000
M. canis

CEMM 01-3-188 >5000 - 9 39 620 1250

CEMM 01-5-190 >5000 - 9 39 620 1250

CEMM 01-4-104 55000 - 9 39 1250 2500

ggﬁﬁ giiégg >5000 - 19 78 620 1250

CEMM 01-3-165 >5000 - 19 78 1250 2500

>5000 - 19 78 1250 2500
(Geometric range) - - 13.57 55.15 880.34 1767.77

*MIC: Minimum inhibitory concentration expressed in ug ml™
*MFC: Minimum fungicidal concentration xg ml’

CEMM: Specialized Medical Mycology Center.

NI=No inhibition.

Each experiment was repeated at least twice.

Broth microdilution method
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Resumo

Objetivo: O principal objetivo do trabalho foi testar alquilfendis (timol, eugenol, estragol e
anetol) e seus derivados metilados (metil-timol e metil-eugenol) para avaliar o potencial
antifiingico in vitro, contra cepas de Candida spp. € Microsporum canis de origem animal.
Material e métodos: A atividade antiftingica, in vitro, foi inicialmente avaliada pela técnica de
difusdo em 4gar, a concentracdo inibitéria minima (CIM) e a concentracdo fungicida minima
(CFM) foram determinadas pelo método de microdiluicao em caldo. Os devidos metilados foram
obtidos com DMSO em condi¢des alcalinas. As estruturas foram confirmada com base na
espectrometria de massa.

Resultados: Todos os compostos testados tiveram uma boa atividade antifiingica, como podemos
observar: timol (CIM contra Candida spp = 0.039 mg/mL e CIM contra M. canis = 0.0048-
0.0097 mg/mL), eugenol (CIM = 0.15-0.62 mg/mL para Candida spp e CIM para M. canis =
0.039 mg/mL), anetol e estragol (CIM = 0.62-1.25 mg/mL para Candida spp e M. canis CIM
=0.078-0.15 mg/mL e 0.019-0.039 mg/mL, respectivamente). Por outro lado, a metilacdo diminui
o efeito dos compostos analisados (metil-eugenol CIM = 0.31-0.62 mg/mL para Candida spp e
CIM para M. canis = 0.078-0.15 mg/mL e metil-timol MIC=0.62-1.25 mg/mL para Candida spp
e CIM para M. canis=0.078-0.15 mg/mL).

Conclusao: Os alquilfendis comumente encontrados em 6leos essenciais extraidos de plantas
foram ativos, in vitro, contra Candida spp. € M. canis, cepas de origem animal. Desta forma,
futuros estudos prescisam ser realizados para o uso destas substincias como compostos
antimicrobianos.

Palavras-chave: alquilfendis, dermatofitos, leveduras, atividade antifingica, antimicrobianos.
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Abstract

Objectives: The aims of this study were to test alkylphenols (thymol, eugenol, estragole and
anethole) and methyl derivatives (methyl-thymol and methyl-eugenol) for antifungal activity, in
vitro, against animal strains of Candida spp. and Microsporum canis.

Methods: The in vitro antifungal activity was initially evaluated by the agar-well diffusion
technique, and the MIC and minimum fungicidal concentration (MFC) were determined by the
broth microdilution method. Derivatives were synthesized via methylation of the phenolic group
with dimethyl sulfate in alkaline conditions. The structures were confirmed on the basis of mass
and related spectral evidence.

Results: All tested compounds have good antifungal activity, as follows: thymol (MIC against
Candida spp = 0.039 mg/mL and MIC against M. canis = 0.0048-0.0097 mg/mL), eugenol (MIC
= 0.15-0.62 mg/mL for Candida spp and MIC for M. canis = 0.039 mg/mL), anethole and
estragole (MIC = 0.62-1.25 mg/mL for Candida spp and M. canis MIC =0.078-0.15 mg/mL and
0.019-0.039 mg/mL, respectively). However, the methylation decreases the effect of parent
compounds (methyl-eugenol MIC = 0.31-0.62 mg/mL for Candida spp and MIC for M. canis =
0.078-0.15 mg/mL and methyl-thymol MIC=0.62-1.25 mg/mL for Candida spp and MIC for M.
canis=0.078-0.15 mg/mL).

Conclusions: Alkylphenols common in plants have in vitro antifungal activity against the
Candida spp. and M. canis strains obtained from dogs. However, further studies will be required
to evaluate the usefulness of these substances as veterinary antimicrobials.

Keywords: alkylphenols, dermatophytes, yeasts, antifungal activity, veterinary antimicrobials



88

Introduction

Fungal infections, especially those caused by dermatophytes and Candida spp., are very
common in humans and animals. They are assuming greater significance both in developed and
developing countries, particularly due to the advent of immunosuppressive drugs and diseases.’
In addition to these factors, several studies have reported resistance of fungal strains to the
limited arsenal of known drugs.z’3 To overcome these drawbacks, a search for new and effective
products to treat fungal infection is needed.

The antifungal effect of constituents from many aromatic plants has been described in several
studies.*” Over 30,000 different components have been isolated from these plants and have been
suggested to have potent antifungal activity.® In this sense, eugenol (the main component of clove
oil) and thymol (the major component of Lippia sidoides or Thymus vulgaris) are two of the most
important representatives. Their antibacterial properties are well known.* Carvacrol and eugenol
were evaluated for their therapeutic efficacy in the treatment of experimental oral candidiasis
induced by Candida albicans in immunosuppressed rats and were considered to be strong
antifungal agents.* The ethers anethole and estragole are also found frequently in several essential
oils and many authors have demonstrated their antimicrobial activity. For example, antifungal
activity of anethole against Aspergillus parasiticus strains.''

Previous studies by our research team of the essential oils of species of Crotons and Lippia
sidoides, plants native to the Caatinga (scrublands) biome, have shown their antifungal activity

612 These same studies identified and

against strains of Candida spp. and Microsporum canis.
quantified the main constituents of these essential oils, by gas chromatography along with mass

spectrometry. The main constituent found in the essential oil of Lippia sidoides is thymol

(59.65%), while in the essential oil of Croton nepetaefolius it is methyl-eugenol (15.73%). The
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essential oil of Croton zenhtneri contains two main constituents, estragole (72.9%) and anethole
(14.3%).

Based on these studies, we carried out the present work to evaluate the antifungal activity
of the main compounds found in these oils and derivatives against Candida spp. and M. canis

strains isolated from symptomatic dogs.

Materials and Methods
Antifungal agents

Estragole, anethole and eugenol were purchased from Sigma Chemical Co. (St. Louis,
MO, USA), other reagents from VETEC, Nuclear and Dinamica (Sao Paulo, Brazil). TLC
analyses were performed on a 3-10 cm aluminum sheet precoated with silica gel 60-254 (Merck)
(Solvent used: petroleum ether, chloroform and methanol). Si0O,, 200400 mesh (Merck), was
used for column chromatography. Mass spectra were obtained on a 5791A Hewlett Packard
instrument coupled with a Hewlett Packard 5890A serie II gas-chromatograph in the following
analytical conditions: DB-5 capillary column (30 m, 0.25 mm, 0.25 m film thickness), helium as

carrier gas.

Methylation of eugenol and thymol

The methyl derivatives were synthesized by the following method Furniss ef al.”? Eugenol or
thymol (0.05 mols) was suspended in a NaOH cold solution of (13.3g, 0.33mols) in water (81.25
mL) with vigorous stirring. Dimethyl sulfate (14.4 g, 0.12 mols) was added in one portion, and
the mixture was shaken vigorously for 20 minutes, while the temperature was maintained below

35° C by external cooling. A second portion of dimethyl sulfate (14.4 g, 0.12 mols) was added
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and the temperature was allowed to rise to 40-45°C. At the end of the reaction, the reactional
mixture was transferred to a separator funnel. The organic layer, containing the methyl-
derivatives, was washed with distilled water and dried with anhydrous sodium sulfate. The
solvent was then evaporated to furnish the corresponding methyl derivatives. These compounds
were purified by column chromatography and analyzed by gas chromatography along with mass

spectrometry comparing mass spectra of compounds with literature data."*

Fungal strains

The strains were obtained from the fungous collection of the Specialized Medical Mycology
Center — CEMM (Federal University of Ceard, Brazil), where they were maintained in saline
(0.9% NaCl), at 28 ° C. At the time of the analysis, an aliquot of each suspension was taken and
inoculated into potato dextrose agar (Difco, Detroit, USA), and then incubated at 28° C for 2-10
days. A total of six strains of M. canis, four strains of C. albicans and two strains of C. tropicalis
were included in this study. Both M. canis and Candida spp. strains were isolated from
symptomatic dogs. In addition, C. parapsilosis (ATCC 22 019) and C. krusei (ATCC 6528)

strains were used as a quality controls.

Inoculum preparation for antifungal susceptibility tests

For the agar-well diffusion method, based on Gurgel et al.’and Fontenelle et al.® stock
inocula were prepared on day 2 and day 10 for Candida spp. and M. canis, respectively, grown
on potato dextrose agar (Difco, Detroit, USA), at 28° C. Potato dextrose dgar was added to the
agar slant and the cultures were gently swabbed to dislodge the conidia. The suspensions with

blastoconidia of Candida spp. or suspension of hyphal fragments of M. canis were transferred to
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a sterile tube and adjusted by turbidimetry to obtain an inoculum of approximately 10° and 10°
cfu/ml for Candida spp. and M. canis, respectively. The optical densities of the suspensions were
spectrophotometrically determined at 530 nm and then adjusted to 95% transmittance.

For the broth microdilution method, the standardized inocula for Candida spp. (2.5 - 5 x 10°
cfu/mL) and M. Canis (5 x 10* cfu/mL) were also prepared by turbidimetry. Stock inocula were
prepared on day 2 and day 10 for Candida spp. and M. canis cultures, respectively, grown on
potato dextrose agar at 28° C. Sterile normal saline solution (0.9%; 3 ml) was added to the agar
slant and the cultures were gently swabbed to dislodge the conidia from the hyphal mat for M.
canis,” and the blastoconidia from Candida spp.3 The suspensions of conidia with hyphal
fragments of M. canis and the blastoconidia suspension of Candida spp. were transferred to
sterile tubes, and the volume of both suspensions were adjusted to 4 ml with sterile saline
solution. The resulting suspension was allowed to settle for 5 min at 28° C, and its density was
read at 530nm and then adjusted to 95% transmittance. The suspensions were diluted to 1:2000
for Candida spp. and 1:500 for M. canis, both with RPMI 1640 medium (Roswell Park Memorial
Institute — 1640) with L-glutamine, without sodium bicarbonate (Sigma Chemical Co., USA), and
buffered at pH 7.0 with 0.165M morpholinepropanesulfonic acid (MOPS) (Sigma Chemical Co.,
USA) to obtain inoculum sizes of approximately 2.5 — 5 x 10’ for Candida spp. and 5 x 10*

cfu/ml for M. canis.

Agar-well diffusion susceptibility test
The screening of the antifungal activity of the alkylphenols and derivatives was evaluated
against Candida spp (n=2) and M. canis (n=2) strains, by the agar-well diffusion method

according to Gurgel er al.'"* and Fontenelle ef al.® Petri dishes 15 cm in diameter were prepared
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with potato dextrose agar (Difco, Detroit, USA). Wells (6 mm in diameter) were then cut from
the agar and 0.100 ml of the compounds was placed in them. The constituents were weighed and
dissolved in DMSO to obtain a test concentration of 10 mg/mL. Stock solutions of griseofulvin
(1000 g ml'; Sigma Chemical Co., St. Louis, USA) and amphotericin B (5 ug ml”; Sigma
Chemical Co., USA) were prepared in distilled water and tested as positive controls for M. canis
and Candida spp., respectively. Each fungal suspension was inoculated on the surface of the agar.
After incubation at 28° C, for 3-5 days for Candida spp. and 5-8 days for M. canis, all the dishes
were examined for growth-inhibition zones and the diameters of these zones were measured in

millimeters. Each experiment was repeated at least twice.

Broth microdilution method

The minimum inhibitory concentration (MIC) for Candida spp. was determined by the broth
microdilution method, in accordance with the Clinical and Laboratory Standards Institute — CLSI
(formerly NCCLS; M27-A2)." The broth microdilution assay for M. canis was performed as
described by Jessup et al.,18 Fernandez-Torres et al.'® and Brilhante et al.,16 based on the M38-A
document.”’The minimum fungicidal concentrations (MFC) for both Candida spp. and M. canis
were found according Fontenelle ef al.®

Arylpropanoids and derivatives, Amphotericin B (AMB) (Sigma, Chemical Co., USA) and
griseofulvin (Sigma Chemical Co., USA), were mixed with DMSO to improve solubility in
distilled water. For the susceptibility analysis, the compounds were tested in concentrations
ranging from 4 to 5000 g ml™.

The microdilution assay was performed in 96-well microdilution plates. Growth and sterile

control wells were included for each isolate tested. The microplates were incubated at 37° C and
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read visually after two days for Candida spp. and five days for M. canis. All isolates were run in
duplicate and repeated at least twice. The MIC was defined as the lowest oil concentration that
caused 100 % inhibition of visible fungal growth. The results were read visually as recommended
by CLSI. The MFC was determined by subculturing 100 uL of solution from wells without
turbidity on potato dextrose agar at 28° C. The MFCs were determined as the lowest
concentration resulting in no growth on the subculture after two days for Candida spp. and five

days for M. canis.

Results

The antifungal activity of the chemical compounds was initially evaluated by the agar
diffusion method using strains of M. canis and Candida spp. The inhibition zones for Candida
spp. were 15.5 mm for thymol, 17.5 mm for eugenol and 9.5 mm for methyl-eugenol. Regarding
the strains of M. canis, all the tested compounds totally inhibited growth in culture. The positive
control, amphotericin B, had a significant effect (10.5 mm) against Candida spp., and
griseofulvin induced a significant growth inhibition zone (51.5 mm) against M. canis (Table 1).

Through the broth microdilution method, the thymol effect against Candida spp. (n=06)
showed a MIC of 0.039 mg/mL and MFC 0.078mg/mL. The microdilution susceptibility test
showed a MIC for eugenol ranging from 0.15 to 0.62 mg/mL and MFC 0.31 to 1.25 mg/mL. The
Methyl-eugenol MIC ranged from 0.31 to 0.62 and the MFC ranged 0.62 to 1.25 mg/mL.
Anethole, estragole and methyl-thymol presented a MIC varying from 0.62 to 1.25, while the
MEFC was 1.25 mg/mL for anethole and ranged from 1.25 to 2.5 mg/mL for estragole and methyl-
thymol. The MIC of amphotericin B varied from 0.25 to 2.0 mg/mL (Table 2).

Concerning the strains M. canis (n=6), for thymol the MIC ranged from 0.0048 to 0.0097

mg/mL and the MFC ranged from 0.0097 to 0.019 mg/mL. For estragole the MIC varied from



94

0.019 to 0.039 mg/mL and the MFC from 0.078 to 0.039. The MIC for anethole and methyl-
thymol ranged from 0.078 to 0.15mg/mL and the MFC from 0.15 to 0.31. Eugenol presented
MICs of 0.039 mg/mL for all strains of M. canis and MFCs of 0.078 mg/mL. For methyl-eugenol

the MIC varied from 0.07 to 0.15 mg/mL and the MFC from 0.15 to 0.31 mg/mL (Table 2).

Discussion

Essential oils have been used throughout human history to treat various ailments, including
fungal infections.* *'?**Some constituents previously studied have demonstrated antifungal
activity, such as thymol against strains of Candida albicans,’anethole against Aspergillus

. .. . . 11,25
parasiticus, Saccharomyces cerevisiae and Candida albicans

and estragole against Candida
species.”In this work, these constituents were compared with their methylated derivatives

methyl-thymol and methyl-eugenol, utilizing microorganisms from symptomatic dogs.

The agar well-diffusion method has been used for screening of antifungal susceptibility
testing. This method is simple, convenient and has been used for antifungal susceptibility testing
of essential oils and chemical compounds.6’10’27’28 However, the zone diameter from this method
is affected by the fungal concentration and the degree of drug diffusion into the agar, that’s why
this method has been used only for screening of compounds which present antifungal activity,
including plant derivatives. We adopted agar well-diffusion and broth dilution method for yeast
and filamentous fungi. Broth dilution method appears to be the one most commonly used for
antifungal susceptibility testing of tea tree oil.”® In the present study, we have demonstrated that

all compounds have in vitro antifungal activity against both M. canis and Candida spp.
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In the present study, the MIC values for thymol against Candida spp. were 0.078-0.31 mg/mL
and at a higher concentration thymol had fungicidal activities. Corroborating these data, Botelho
et al.’ also showed that C. albicans of human origin was inhibited by thymol.

Methyl-thymol also showed antifungal activity for the Candida spp. and M. canis strains,
although it presented higher MICs and MFCs than thymol, which had antifungal activity against
Candida spp. strains (MICs=1.25-2.5 mg/mL) and against M. canis strains (MICs varying from
0.15 to 0.31 mg/mL). Therefore this thymol derivative showed lesser MIC values, demonstrating

that methylation of thymol decreases the antifungal activity.

Methyl-eugenol presented MICs ranging from 0.62 to 1.25 mg/mL against Candida spp.
strains and from 0.15 to 0.31 mg/mL against M. canis strains. In another study, methyl-eugenol
was isolated and identified in essential oils of Croton nepetaefolius and Artemisia dracunculus L.

var. dracunculus, presenting antifungal activity.*

Eugenol presented MICs ranging from 0.31 to 1.25 mg/mL against Candida spp. strains, and
MIC of 0.07 mg/mL against M. canis strains. These MIC values are lower than those found by
Silva et al. (2005), who reported MIC of 0.25 mg/mL for the five strains of M. canis tested.
These authors also reported antifungal activity, through the agar dilution technique against strains
M. gypsum (MIC=0.22 mg/mL), T. rubrum and T. mentagrophytes (MICs=0.125 mg/mL).
Gayoso et al.’' showed that eugenol is a strong antifungal agent against C. albicans, C. tropicalis,
C.krusei, T. rubrum, T. mentagrophytes and G. candidum. According to their results, eugenol

may be a potential leading compound for the development of antifungal drugs.

Yen and Chalng,32 evaluated the synergistic effects of eugenol in combination with
cinnamaldehyde, a major constituent of cinnamomum essential oils, whose antifungal activity

was already known.” The authors observed a significant synergy in this combination against
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Laetiporus sulphureus, and both methyl-eugenol and eugenol presented MFCs from 1.25 to 2.5
mg/mL for Candida spp., but against M. canis methyl-eugenol showed lower activity (MFCs
from 0.31 to 0.62 mg/mL) than eugenol (MFCs = 0.15 mg/mL). Therefore, methylation of

eugenol appears to decrease the antifungal activity.

Regarding the mechanism by which thymol and eugenol act, Chami et al.'’ studied the
surface alteration induced by these compounds on yeast and concluded that the antifungal activity

of eugenol and thymol involve alterations of both the membrane and cell wall of yeast.

Estragole and anethole both showed MICs ranging from 1.25 to 2.5 mg/mL against Candida
spp. strains and from 0.07 to 0.038 mg/mL and 0.31 to 0.15 mg/mL, respectively, against strains
of M. canis. These results corroborate those of Fujita et al.”> who observed antifungal activity of
anethole against Saccharomyces cerevisiae and Candida albicans. The antifungal potential of
estragole alone,™ or in combination with ketoconazole® has been previously described,
particularly against Candida species. Additionally, the effect of anethole, a compound with a

well-known antifungal potential might contribute to this anti-Candida effect.”

Our results suggest that thymol, methyl-thymol, eugenol, methyl-eugenol, estragole and
anethole have antifungal activity against the Candida spp. and M. canis obtained from dog.
However, further studies will be required to evaluate the usefulness of these substances as

veterinary antimicrobials.
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Table 1. Antifungal activity of compounds against M. canis and Candida spp.

Strains Growth inhibition zones (mm)
Constituents (10 mg/mL)
THY M-THY EUG M-EUG ANE EST GRI AMP
(Img/mL) (5mg/mL)
M. canis
CEMM 01-3-188 35 22 26 20 16 23 55 -
CEMM 01-5-190 40 20 30 20 20 20 47 -
Candida spp.
CEMM 01-3-075 18 18 12 10 11 11 - 14
CEMM 01-3-069 17 13 8 7 9 8 - 10

THY: thymol; M-THY: methyl-thymol; EUG: eugenol; M-EUG: methyl-eugenol; ANE: anethole; EST: estragole;
GRI: gryseofulvin; AMP: amphotericin B

CEMM: Specialized Centre of Medical Mycology

TI= total inhibition

Each experiment was repeated at least twice



Table 2 MIC and MFC of compounds against M. Canis and Candida spp. in the broth microdilution method
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Strains MIC and MFC (mg/mL)
Constituents (10 mg/mL)
THY M-THY EUG M-EUG ANE EST AMP GRI
MIC MEFC MIC MEFC MIC MEFC MIC MEFC MIC MFC MIC MFC (ug/mL) (ug/mL)
a
C. albicans  (n=4) 0.039 (4) 0.078 (4) 1.254) 25(4) 0.62 (3) 1.25(3) 0.62 (3) 1.25(3) 0.62 (4) 1.254) 1.25(3) 25(@3) 0.5(2) -
0.15 (1) 0.31 (1) 031 (1) 0.62 (1) 0.62 (1) 1.25(1) 0.25(2)
C. tropicalis (n=2)  0.039 (2) 0.078 (2) 1.25(1) 25(1) 0.31(2) 0.62 (2) 0.31(2) 0.62(2) 0.62(2) 1.25(2) 0.62(2) 1.25(2) 1.0 (1) -
0.62 (1) 1.25(1) 0.5 (1)
C. krusei (n=1) 0.15 0.31 1.25 2.5 0.62 1.25 0.62 1.25 0.62 1.25 0.62 1.25 0.5 -
ATCC 22019
C. parapsiloses (n=1)  0.15 0.31 1.25 2.5 0.62 1.25 0.62 1.25 0.62 1.25 0.62 1.25 2.0 -
ATCC 6528
M. canis (n=6) 0.0097 (3) 0.019(3) 0.15(4) 031 (4) 0.039 (6) 0.078 (6) 0.15(2) 0.31(2) 0.15(3) 0.31(3) 0.039 4) 0.078 (4) - 0.25(2)
0.0048 (3)  0.0097 (3) 0.078 (2) 0.15(2) 0.078 (4) 0.15 (4) 0.078 (3) 0.15(3) 0.019 (2) 0.039 (2) 0.125 (3)
0.006 (1)

“Represents the number of strains of a species for the MIC and MFC indicated

THY: thymol; M-THY: methyl-thymol; EUG: Eugenol; M-EUG: methyl-eugenol; ANE: anethole; EST: estragole
Each experiment was repeated at least twice
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Resumo

No presente estudo, um novo modelo de dermatofitose experimental foi testado. O
objetivo foi encontrar um modelo de infeccdo mais préximo do natural e que acarretasse
menos danos para o animal. A infeccdo experimental foi induzida pela aplica¢do de 0,5 mL
da suspensao de fragmentos de hifas de 7. mentagrophytes var. mentagrophytes no
pavilhdo auditivo de cobaias de ambos os sexos. Os primeiros sinais da infec¢do foram
observados no sétimo dia apés a inoculagdo em todos os animais. O curso clinico da
infeccdo foi monitorado por andlises clinicas, micoldgicas e histoldgicas. As culturas
micoldgicas foram positivas em 100% dos animais expostos ao fungo e os principais sinais
clinicos foram alopecia e descamacgdo. Os exames histopatolégicos da bidpsia de pele
observaram a presenca de um moderado infiltrado inflamatério, rico em linfdcito,
neutréfilo e macréfagos, e hifas de 7. mentagrophytes var. mentagrophytes foi detectado
em cortes histologicos obtidos com PAS. O experimento demonstrou que o método é
efetivo, causando menos estresse e riscos de morte ao animal. Este método ainda se

mostrou simples, pratico e proximo a infec¢do natural.
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Abstract

In the present study a new model of experimental dermatophytosis was tested. The aim
was to achieve maximum similarity to a natural infection through a procedure that is easy
to carry out and also reduces the animals’ suffering. The experimental infection was
induced by a single inoculation of 0.5 mL of a suspension with hyphal fragments of 7.
mentagrophytes var. mentagrophytes on the outer ear of guinea pigs of both sexes. The
first signs of infection were observe on the seventh day after inoculation in all animals. The
clinical course was monitored by clinical, mycological and histological analyses. The
mycological cultures were positive for 100% of the animals exposed to the fungus and the
main clinical signs observed were alopecia and scaling. The histopathological evaluation of
the skin biopsies revealed the presence a moderate inflammatory infiltrate, rich in
lymphocytes, neutrophils and macrophages, and T. mentagrophytes var. mentagrophytes
hyphae were detected in histological sections stained with periodic acid-Schiff. The
experiment demonstrated that this method, besides being effective, causes less stress, harm
and risk of death to the animals. It was relatively fast and practical for development of the

infection and the clinical aspects the lesions here were similar to natural lesions.
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1. Introduction

Experimental infection is a valuable method of studying the pathogenesis of fungal
infections, to evaluate the prophylactic efficacy of antifungal therapeutic drugs and to
study the immunology of dermatophytosis (Cavalcanti et al., 2002; Saunte et al., 2008;
Vermout et al., 2004). Dermatophytes are a group of highly specialized fungi that infect
keratinized tissues, such as the hair, nail and stratum corneum of humans and other
animals. The dermatophytes include three genera: Microsporum, Trichophyton and
Epidermophyton. The species that most commonly infect animals are Microsporum canis,
Trichopyton mentagrophytes and Microsporum gypseum [2-4]. The use of guinea pigs as
animal models for dermatophytosis is based on the predisposition of this species to skin
fungal infections with clinical features comparable to those seen in humans (Saunte et al.,
2008).

When establishing an animal model it is crucial to find a method that ensures a high
infection rate. Various methods have previously been used to render the skin more
susceptible to infection, such as scarification, abrasion with a scalpel and inoculate fixed to
the flank by bandaging for approximately 24hs [8]. In these studies, the experimental
infections are commonly induced in the posterior dorsal region, cheek pouch, hind thigh
and other skin areas [1,5-7], causing suffering and stress to the animals.

The idea for the present study began with our observation of an outbreak of
dermatopytosis caused by 7. mentagrophytes var. mentagrophytes in a colony of guinea
pigs, where the main site affected was the outer ear. Since our work entails in vitro and in
vivo evaluation of the antifungal activity of natural products, we felt that induced infection
at this site could serve as a new model that more nearly mimics natural infection and is

easy to carry out while at the same time reducing the animals’ suffering.
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2. Materials and Methods
2.1. Animals

Twelve guinea pigs, of both sexes, were used in the study. The animals, weighing
approximately 600g, were kept in controlled rooms (temperature: 23+2° C, relative
humidity: 50£10%, frequent ventilation and 12h light cycle). All protocols that included
animals were approved by the research ethics committee of State University of Ceara,
Fortaleza, Brazil. The animals were used as recommended by the guide for the care and
use of laboratory animals from the National Academy Press (USA; 1996), which is in line
with the principles for animal use in Brazil.

2.2. Fungal strain

In the present study, 7. mentagrophytes var. mentagrophytes strain (CEMM 1-4-085)
was obtained from the fungal collection of the Specialized Medical Mycology Center —
CEMM (Federal University of Ceard, Brazil), where it was maintained in saline (0.9%
NaCl), at 28° C. At the time of the analysis, an aliquot of each suspension was taken and
inoculated in potato dextrose agar (Difco, Detroit, USA), and then incubated at 28° C for
six days. The identification of 7. mentagrophytes was based on phenotypic features, such
as a description of the macro and micromorphology. Skin perforation and vitamin
requirement tests were considered, as well as the production of the enzyme urease

[Brilhante et al., 2003].

2.3. Inoculation
The stock inocula were prepared on day 10, grown on potato dextrose agar (Difco,
Detroit, USA), at 28° C. The suspensions with hyphal fragments of T mentagrophytes var.

mentagrophytes were transferred to a sterile tube and adjusted by turbidimetry to obtain an
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inoculum of approximately 10° cfu/ml. The optical densities of the suspensions were
spectrophotometrically determined at 530 nm. The suspension (0.5 ml) was gently
inoculated on the ear flap with a swab, a single time. The guinea pigs were divided into
three groups of four animals each: two groups treated on both the right and left ears and a
negative control that was not inoculated with the fungal suspension. One of the groups
infected with T. mentagrophytes var. mentagrophytes was then treated with cetoconazol.
The fungal infection in each animal was confirmed by hair cultures and clinical evaluation
of infected skin lesions.
2.4. Clinical evaluation

Clinical assessment of the guinea pigs was done according to a modification of the
method published by Lee et al. (2007). The lesions were clinically followed-up daily,
starting on day O, until resolution was observed. Clinical evaluation of the inoculated
animals was performed using a modified lesion score from 0 to 4, as follows: score 0, no
visible lesion; score 1, moderate scaling; score 2, hair rarefaction and heavier scaling;
score 3, hair loss and crust formation; score 4, alopecia and crusts.
2.5. Mycologic and histopathologic evaluation

Mycological evaluation. Epidermal flakes were scraped from the animals and hairs
were collected manually at intervals of seven days after inoculation. The epidermal
samples and hairs were seeded in tubes containing potato dextrose agar (Difco, Detroit,
USA) and Sabouraud dextrose agar 2% (SGA; Difco, Detroit, USA), with
chloramphenicol, and maintained in an incubator at 28° C.

Histopathological evaluation. The guinea pigs experimentally inoculated with T.
mentagrophytes var. mentagrophytes were submitted to local anesthesia and skin

fragments of their mycotic ears were collected with scissors and tweezers. These samples
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were fixed in 10% buffered formalin, embedded in paraffin, cut into 5-m-thick sections,
and stained with hematoxylin-eosin (HE) and periodic acid-Schiff (PAS). All the samples
were immediately taken to the Histology Laboratory of the Department of Pathology and
Forensic Medicine of Federal University of Ceard, where they were analyzed. The amount
of fungal elements (hyphae and conidia), and degree of hyperkeratosis, acanthosis
(epidermal hyperplasia), and spongiosis were evaluated semi-quantitatively by one
pathologist in a blind setup. A positive histological examination was defined as detection

of fungi.

3. Results

The experimental infection of guinea pigs with 7. mentagrophytes resulted in lesions in
all animals that were exposed to the fungus. The first signs of infection were observed on
the 7th day after inoculation in all the infected animals and were manifested in the form of
moderate scaling, corresponding to lesion scorel. These alterations became more evident
around the 14th day, with the development of hair rarefaction and squamosis, score 2 (Fig.
la). The lesions progressively increased in diameter, with total hair loss and crust
formation, score 3, between the 18th and 21st days (Fig. 1b). Between the 22nd and 25th
days, the inoculation site showed areas of alopecia and crusts, score 4 (Fig. 1c). T.
mentagrophytes were re-isolated from hairs and epidermal flakes of all inoculated animals
from day 7, 14, 21, 28 and 33 (Fig. 1d). The mycological cultures were positive in 100% of

the inoculated animals.
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Fig. 1. Experimental lesion produced by T. mentagrophytes var. mentagrophytes in guinea pigs after 14 days of
evolution (a), after 21 days (b), after 28 days (c) and colonies of T. mentagrophytes isolates from the guinea pigs.

The positive cases were related to the first week of infection. After the start of
treatment with cetoconazol, on the 14th day, the mycological tests were negative. The
group treated with cetoconazol had reduced lesion scores compared to the positive control
during the entire experimental period.

In the histological sections stained with hematoxylin-eosin, the animals infected with
T. mentagrophytes var. mentagrophytes showed moderate inflammatory infiltrate rich in
lymphocytes, neutrophils and macrophages on the skin diffusely. We observed foci of
granulation tissue with neovascularization, extravasation of red blood cells and collections
of neutrophils (micro abscesses). The inflammatory infiltrate extended to the dermo-

epidermal junction. There were also foci of parakeratosis with accumulations of
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neutrophils (Fig. 5). T. mentagrophytes hyphae were detected in the stratum corneum in

histological sections stained with PAS (Fig. 2).

Fig. 2. Histological section of the skin of a guinea pig inoculated with T. mentagrophytes after 30 days of evolution.
Histological sections showed moderate infiltrate rich in lymphocytes, neutrophils and macrophages, diffusely on the skin.
Staining: hemosylin-eosin. Magnification: 200x

Fig. 3. Histological section of the skin of a guinea pig inoculated with 7. mentagrophytes after 30 days of evolution.
Presence of hyphal fragments in the stratum corneum, visible after staining with PAS. Magnification: 400x
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4. Discussion

In this study a new model of experimental dermatophytosis was developed and showed
itself to be practical and fast, without the need to use abrasions, bandages and general
anesthesia, thus causing less harm and suffering to the animals. Such procedures have been
described by various authors, such as Cavalcante et al. (2002). In that study, the hair in the
posterior dorsal region of the animals was removed and a skin area was submitted to
scarification with a scalpel. After the inoculation of the suspension (of Microsporum
canis), the site was covered with polyethylene film and kept in place with an elastic
bandage for 24h.

In comparison with the technique described by Cavalcanti et al. (2002) and other
authors [8,9], the experimental model presented in this study, using the outer ear of guinea
pigs without subjecting the animals’ skin to any type of aggression or invasive procedures,
showed significant results, both in relation to the clinical profile and time for the infection
to appear.

The first signs of infection in this work were observed on the 7th day after inoculation
in 100% of the animals, manifested in the form of scaling. These findings corroborate
those described by Vermout et al. (2004), who observed signs, although slight, typical of
dermatophytosis on the 7th day after inoculation in guinea pigs in evaluating
immunogenicity and protective efficacy of a Microsporum canis metalloprotease subunit
vaccine. Regarding the time for manifestation of the infection, our findings are similar to
those described by Cavalcanti et al. (2002), where the first signs were detected around the
Sth day after inoculation in 87.5% of the animals, through the presence of mild edema,

erythema and mild shedding.
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The literature, although extensive due to the many techniques of experimental infection
described [1-4], does not report any study where the outer ear was the inoculation site, or
techniques that do not require aggression and are less invasive for establishment of the
infection. The method described here appears to cause less stress, harm and risk of death to
the animals, and is quick and practical for developing experimental dermatophytosis.

The present results obtained by experimental induction of 7. mentagrophytes var.
mentagrophytes led us to conclude that the new model of experimental dermatophytosis in
guinea pigs produces lesions similar to natural ones, is relatively simple to perform and is

less traumatic for the animals.
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Resumo

No presente estudo objetivou-se avaliar a atividade antifingica do 6leo essencial da
Lippia sidoides em cobaias infectados com 7. mentagrophytes var. mentagrophytes. A
andlise da atividade antifingica, in vitro, determinando a concentragdo inibitéria minima
(CIM) foi realizada através do método de microdiluicdo em caldo. O curso clinico da
infeccdo e a avaliagdo da atividade antiftgica, in vivo, foram monitorados através de
analises clinicas, micoldgicas e histoldgicas. A pomada com o 6leo essencial da L. sidoides
e base de carbopol foi manipulada na concentacdo de 1% e foi topicamente aplicada na
pele do pavilhdo auditivo dos animais, infectados com 7. mentagrophytes var.
mentagrophytes, diariamente por 3 semanas. O 6leo essencial da L. sidoides apresentou
atividade antifingica, in vitro, com o CIM de 0.019 mg/mL. In vivo o 6leo essencial foi
clinicamente efetivo com a diminui¢ao das lesdes depois da segunda semana de aplicacdo.
Também foi obsevada negatividade nas culturas de pélo e escama de pele dos animais
tratados com cetoconazol e L. sidoides. Os exames histopatolégicos revelaram que o grupo
tratado com o Oleo essencial L. sidoides apresentou menor grau de hiperqueratose e
infiltracdo das células inflamatérias que o controle positivo. Em conclusdao os resultados
sugerem que o Oleo essencial da L. sidoides podem ser um achado promissor como nova

droga antifingica.
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Abstract

This study investigates the antifungal activity of the essential oil of Lippia sidoides in
guinea pigs infected by 7. mentagrophytes var. mentagrophytes. Skin lesion scoring, hair
culture and histopathological examination of skin tissues were performed and the
minimum inhibitory concentration (MIC) was calculated to evaluate the antifungal effect
of the essential oil of Lippia sidoides. The MIC was 0.019 mg/mL. The essential oil was a
1% concentration with a base of carbopol and was applied topically daily for three weeks
to the skin lesion on the outside ear flap infected with 7. mentagrophytes var.
mentagrophytes. The essential oil of L. sidoides was clinically effective in improving the
lesion during the third week of application, as determined by skin lesion scoring. The hair
culture test was also negative and the histopathological examination revealed that treated
groups had a lower degree of hyperkeratosis and inflammatory cell infiltration than the
positive control. Taken together, these results suggest that the essential oil of L. sidoides

may be a promising source in the search for new antifungal drugs.
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1. Introduction

Dermatophytes are a group of highly specialized fungi which, through a long
evolutionary process, have became able to invade, colonize and maintain themselves in
keratinized tissues. These organisms are divided into three genera: Microsporum,
Trichophyton and Epidermophyton. (Brilhante et al., 2005; Sidrim & Rocha., 2004). In
Brazil, the most frequently diagnosed agents in the clinical dermatology of dogs and cats
are Microsporum canis, Trichopyton mentagrophytes and Microsporum gypseum
(Brilhante et al., 2005).

Widespread in northeast Brazil, Lippia species are known for their natural topical
antiseptic properties. Previous studies have reported that the essential oil of Lippia sidoides
Cham. shows antimicrobial activity in vitro as well as larvicidal effect against Aedes
aegyptii (Carvalho et al., 2003; Botelho et al., 2007). Another study by Fontenelle et al.
(2007) found in vitro antifungal activity of the essential oil da Lippia sidoides against
different strains of Microsporum canis and Candida spp. In the present study, the
antifungal activity of the essential oil of Lippia sidoides was evaluated in vitro and in vivo

against T. mentagrophytes var. mentagrophytes.

2. Materials and Methods

2.1. Plant material and essential oil extraction

The plant samples were collected in the city of Horizonte, Ceara (3°33°46°° S latitude,
41°05°42°> W longitude), in northeast Brazil. Taxonomic identification was confirmed by
experts at the Prisco Bezerra Herbarium (Federal University of Ceard), where a voucher
sample was deposited with reference number 25149. The L. sidoides essential oil was
extracted from the leaves by steam distillation in a Clevenger apparatus, as described by

Craveiro et al. (1976).

2.2. Experimental Animals

Twenty guinea pigs of both sexes, weighing approximately 600g, were housed in
controlled rooms (temperature: 23+2° C, relative humidity: 50+10%, frequent ventilation
and 12-hour light cycle). All protocols that included animals were approved by the
research ethics committee of the State University of Ceard, Fortaleza, Brazil. The animals

were used as recommended by the guide for the care and use of laboratory animals from
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the National Academy Press (USA; 1996), which is in line with the principles for animal
use in Brazil.

2.3. Fungal strain

The T. mentagrophytes var. mentagrophytes strain (CEMM 1-4-085) was obtained
from the fungal collection of the Specialized Medical Mycology Center — CEMM (Federal
University of Ceard), where it was maintained in saline (0.9% NaCl) at 28° C. At the time
of the analysis, an aliquot of each suspension was taken and inoculated in potato dextrose
agar (Difco, Detroit, USA), and then incubated at 28 ° C for six days. The identification of
T. mentagrophytes var. mentagraphytes was based on phenotypic features, such as a
description of the macro and micromorphology. Skin perforation and vitamin requirement
tests were considered, as well as the production of the enzyme urease (Brilhante et al.,

2003).

2.4. Determination of the Minimum Inhibitory Concentration (MIC)
Inoculum preparation for antifungal susceptibility tests

For the broth microdilution method, the standardized inocula (5 x 10* cfu/mL) for
T. mentagrophytes var. mentagrophytes were prepared by turbidimetry. Stock inocula were
prepared on day 10 for T. mentagrophytes var. mentagrophytes grown on potato dextrose
agar at 28° C. Sterile saline solution (0.9%) was added to the agar slant and the cultures
were gently swabbed to dislodge the conidia from the hyphal mat and from the
blastoconidia for 7. mentagrophytes var. mentagrophytes. The suspensions of conidia with
hyphal fragments of T. mentagrophytes var. mentagrophytes were transferred to sterile
tubes and the volume of both suspensions was adjusted to 4 mL with sterile saline solution.
The resulting suspension was allowed to settle for five minutes at 28° C, and its density
was read at 530nm and then adjusted to 95% transmittance. The suspensions were diluted
to 1:500 for T. mentagrophytes var. mentagrophytes, with both RPMI 1640 medium
(Roswell Park Memorial Institute — 1640) and L-glutamine, buffered to pH 7.0 with
0.165M morpholinepropanesulfonic acid (MOPS) (Sigma Chemical Co., St. Louis, Mo.),
to obtain an inoculum size of approximately 5 x 10* cfu/mL for T. mentagrophytes var.

mentagrophytes.

Broth microdilution method
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The broth microdilution assay for 7. mentagrophytes var. mentagrophytes was
performed as previously described by Jessup et al., (2000), Fernandez-Torres et al. (2002)
and Brilhante et al. (2005), based on the M38-A document (CLSI; formerly NCCLS M38A
2002).

For the susceptibility analysis, the essential oil was diluted in mineral oil and
tested at a concentration range between 0.002 and 5 mg/mL. The microdilution assay was
performed in 96-well microdilution plates. Growth and sterile control wells were included
for each isolate tested. The microplates were incubated at 37° C and read visually after five
days for T. mentagrophytes var. mentagrophytes. The isolate was run in duplicate and
repeated at least twice. The MIC was defined as the lowest oil concentration that caused
80% inhibition of visible fungal growth. The results were read visually as recommended by
CLSIL
2.5. Animal Infection

The animal model for infection was chosen based on Fontenelle (2008). The stock
inocula of T mentagrophytes var. mentagrophytes were prepared on day 10, grown on
potato dextrose agar (Difco, Detroit, Mi.), at 28° C. The suspensions with hyphal
fragments were transferred to a sterile tube and adjusted by turbidimetry to obtain an
inoculum of approximately 10° cfu/ml. The optical densities of the suspensions were
spectrophotometrically determined at 530 nm. The suspension (0.5 ml) was gently
inoculated on the ear flap with a swab, a single time. The guinea pigs were divided into
three groups of four animals each: two groups treated on both the right and left ears and a
negative control that was not inoculated with the fungal suspension. One of the groups
infected with T. mentagrophytes var. mentagrophytes was then treated with cetoconazol.
The fungal infection in each animal was confirmed by hair cultures and clinical evaluation
of infected skin lesions.

2.6. Drug Application

The topical drugs were mixed in carbopol as a vehicle. The concentrations of the L.
sidoides essential oil and cetoconazol were 1% and 2%, respectively. The drugs were
applied topically to the infected animals as ointments, with 0.2 g of carbopol as a positive

control, daily for three weeks from 14 days post-inoculation.

2.7. Evaluation of Efficacy
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Drug efficacy was evaluated every seven days following treatment, through clinical
lesion scoring, hair culture and histopathological examination of skin tissues. Clinical
assessment of the guinea pigs was done according to a modification of the method
published by Lee et al. (2007). The lesions were clinically followed daily, starting on day
0, until resolution was observed. The clinical evaluation of the inoculated animals was
performed using a modified lesion score from O to 4, as follows: score 0, no visible lesion;
score 1, moderate scaling; score 2, hair rarefaction and heavier scaling; score 3, hair loss
and crust formation; score 4, alopecia and crusts.

2.7. Mycological and histopathological evaluation

Mycological evaluation. Epidermal flakes were scraped from the animals and hairs
were collected manually at intervals of seven days after inoculation. The epidermal
samples and hairs were seeded in tubes containing potato dextrose agar (Difco, Detroit,
Mi.) and Sabouraud dextrose agar 2% (SGA; Difco, Detroit, Mi.), with chloramphenicol,
and maintained in an incubator at 28° C.

Histopathological evaluation. The guinea pigs experimentally inoculated with T.
mentagrophytes var. mentagrophytes were submitted to local anesthesia and skin
fragments of their mycotic ears were collected with scissors and tweezers. These samples
were fixed in 10% buffered formalin, embedded in paraffin, cut into 5- um-thick sections,
and stained with hematoxylin-eosin (HE) and periodic acid-Schiff (PAS). All the samples
were immediately taken to the Histology Laboratory of the Department of Pathology and
Forensic Medicine of Federal University of Ceard, where they were analyzed. The amount
of fungal elements (hyphae and conidia), and degree of hyperkeratosis, acanthosis
(epidermal hyperplasia), and spongiosis were evaluated semi-quantitatively by a single
pathologist in a blind setup. A positive histological examination was defined as detection

of fungi.

3. Results

MIC. The broth microdiluition method showed that that the MIC of the essential oil of
L. sidoides for T. mentagrophytes var. mentagrophytes was 0.019 mg/mL.

Skin Lesion Scoring. The first signs of infection were observed on the seventh day
after inoculation in all the infected animals and were manifested in the form of slight
scaling, corresponding to lesion score 1. These alterations became more evident end well-

defined around the fifteenth day (the first day of drug treatment), with hair loss and crust
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formation, corresponding to lesion score 3. In contrast, the lesion scores of the positive
control were maintained until eight days after treatment, while the scores of the treated
groups continuously decreased following topical treatment. The groups treated with the
essential oil of L. sidoides and cetoconazol had lower lesion scores than the positive
control group.

Hair Culture. On day 10, all hairs of the inoculation areas were positive on culture
medium. The hair cultures of the groups treated with L. sidoides essential oil and
cetoconazol gradually declined with time. The hairs of the cetoconazol-treated group did
not produce a fungal colony after day eight days of treatment.

4. Discussion

Various essential oils have long been used in popular medicine for many applications,
among them to produce topical antiseptics (Nascimento et al., 2007). This has prompted a
great deal of scientific interest seeking to confirm the antimicrobial activity of essential
oils (Almeida et al., 2006; Arruda et al., 2006; Lee et al., 2007; Fontenelle et al., 2007,
Fontenelle et al., 2008; Sharma and Tripathi, 2008; Matan and Matan, 2008; Martos et al.,
2008).

In this effort, many methods of in vitro and in vivo investigation have been developed
producing reliable results that can be reproduced and validated. However, this task has
been hampered by the peculiarities of many essential oils, such as volatility, insolubility in
water and complexity, all of which significantly interfere in the results. For this reason,
tests of microbial susceptibility must take into account the technique used, the culture
medium, microorganisms and essential oil studied. In this study, we evaluated the
antifungal activities the essential oil of L. sidoides in vitro and in vivo against a strain of 7.
mentagrophytes var. mentagrophytes by the broth microdilution and experimental
dermathphytosis methods, respectively.

Earlier reports on L. sidoides essential oil revealed its antimicrobial action. Lemos et al.
(1990) reported the highest and broadest activity against bacteria and fungi, including
yeasts, dermatophytes and non-dermatophyte fungi. Fontenelle et al. (2007) showed that
the essential oil of L. sidoides is very effective against M. canis, superficial fungal
infection in cats and dogs worldwide (Brilhante et al., 2003; Brilhante et al., 2005), and
against Candida spp., which are important yeasts involved in human and animal mycosis

(Aperis et al., 2006; Colombo et al., 2006; Brito et al., 2007). In the present study, the
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essential oil of L. sidoides was active against a strain of 7. mentagrophytes var.
mentagrophytes, a dermatophyte that most often infects guinea pigs.

By the in vitro and in vivo evaluation, this study shows that the essential oil of L.
sidoides has fungicidal activity. There was a good correlation between the in vitro and in
vivo activity, showing the broad antifungal activity of this oil.

In previous studies the oils, extracts and constituents of plants have been tested in vivo
and showed antifungal activity (Apisariyaul et al., 1995; Dalazen et al., 2005; Lee et al.,
2007). Experimental infections are a valuable instrument for the study of the pathogenesis
of infectious fungi, to evaluate the prophylactic efficacy of therapeutic antifungal drugs. In
this study, treatment of the outer ear flap of infected guinea pigs with an ointment
containing the essential oil of L. sidoides reduced the infection after three weeks,
corroborating the report of Dalazen et al. (2005), who evaluated the activity of an ethanol
extract of Vernonia scorpioides against the microorganisms in infected ulcers and found
improvement 20 days after infection.

The chemical composition of this oil was described previously by Fontenelle et al.
(2007). The main component is thymol (59.65%). This constituent is described in several
articles as an antifungal agent (Pina-Vaz et al., 2004; Pinto et al., 2006). Bennis et al.
(2004) studied the action mechanism of this constituent and observed surface alteration
induced by thymol on yeast, concluding that its antifungal activity involves alterations of
both the yeast membrane and cell wall.

The acute and sub-chronic toxicity of this oil was also described by Fontenelle et al.
(2007). Due to its broad spectrum of antifungal effect, both in vitro, and in vivo, allied with
low toxicity, the essential oil of L. sidoides is a promising source in the search for new

antifungal drugs.
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9 CONCLUSOES GERAIS

- Os O6leos essenciais das trés espécies de Croton apresentaram atividade, in vitro,
contra cepas de M. canis. Entretanto, apenas o Croton zenhteneri apresentou atividade

contra cepas de Candida spp.;

- O ¢dleo essencial da Lippia sidoides apresentou atividade, in vitro, contra cepas de M.

canis, T. mentagrophytes e Candida spp.;

- A administracao, por longo prazo, de OELs € relativamente segura e, provavelmente,

desprovida de toxicidade significativa;

- Os constituintes majoritdrios dos O6leos essenciais apresentaram atividade

antifingica, in vitro, contra cepas de M. canis e Candida spp.;

- O o6leo essencial da Lippia sidoides apresentou atividade in vivo, contra T.

mentagrophytes.
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10 PERSPECTIVAS

- A partir deste estudo sobre a atividade antiftingica dos 6leos essenciais da Lippia
sidoides, Croton zenhteneri, Croton argyrophylloides e Croton nepetaefolius, bem
como de seus principais constituintes contra cepas de Microsporum canis,
Trichophyton mentagrophytes e Candida spp. e dos resultados dos testes de
sensibilidade e toxicidade, observou-se que essas plantas constituem fontes vidveis
para uma andlise farmacoldgica mais especifica para o tratamento de diversas
enfermidades causadas por fungos, o que possibilita a realizacdo de testes com grupos

alvo, visando a otimizacao de novas drogas com atividade antifingica.
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Baixar livros de Meio Ambiente
Baixar livros de Meteorologia
Baixar Monografias e TCC
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