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RESUMO

A elevada incidéncia de dermatomicoses na medicheterinaria, bem como o
desenvolvimento de resisténcia fungica frente agadr antimicéticas usuais tém incentivado
a pesquisa em busca de novos agentes antifungieopagsam ser utilizados como métodos
alternativos de tratamento destas enfermidadesad/glantas do Nordeste brasileiro tém sido
estudadas quanto ao seu potencial antifungico,sapt@ndo resultados satisfatérios que
estimulam a busca por novas plantas possuidorasiritEpios ativos contra fungos. Indo ao
encontro desta perspectiva, os objetivos destaltralforam avaliar a atividade antifungioa
vitro de extratos e 6leos esenciais obtidos de plantasiroente encontradas no Nordeste
brasileiro contra cepas dé. canise Candidaspp isoladas de céaes, bem como determinar a
constituicdo quimica dos Oleos essenciais, a fimidntificar os seus constituintes
majoritarios. Foram estudados os extratos etar®lias plantadlomordica charantial,
Piper tuberculatundacq Peschiera affinigMull.Arg.) Miers eCalotropis procerao decocto

da Mangifera indica o liquido da castanha de caju e seus constituiatgdo anacardico,
cardol e cardanonacardium occidenta)ee os 6leos essenciais @eriandrum sativuni.. e
das variedades Tommy Atkins, Rosa, Moscatel e JasteiM. indica Os 6leos essenciais
formam obtidos através do método de destilacdo gomaste de vapor d’agua e seus
constituintes analisados por cromatografia de gaplados a espectrometria de massas. As
cepas fungicas foram recuperadas da micoteca dadraC&specializado em Micologia
Médica e a atividade antifungica foi averiguadaopemétodos de difusdo em agar e
microdiluicdo em caldo. Os extratos etanolicodvdeharantia, P. tuberculatum, P. affings

o decocto dd. indicademonstraram atividade apenas contra as cepds danis enquanto

0 6leo essencial d€. sativumfoi ativo contra todos os fungos testados. Ossoessenciais
das variedades dil. indica apresentaram boa atividade ab#indidg porém a variedade
Jasmim foi a mais efetiva. O éleo essenciaCdsativumpossui o linalol e o geraniol como
constituintes majoritarios. As variedades Rosa, ddted e Jasmin apresentam o Oxido de
cariofileno e o epoxido de humuleno 1l como prirégpconstituintes, ja a variedade Tommy
Atkins possui 0 —selineno e o 6xido de cariofileno como constigsnhajoritarios.



ABSTRACT

The high incidence of dermatomycosis in veterimagdicine and the development of fungal
resistance front the usual antifungal drugs haweusated the research to find new antifungal
agents, which can be used as alternative methotiseitreatment of these diseases. Some
plants of Brazilian Northeast have been studiedubbts antifungal potential and its
satisfactory results have stimulated the searchnéov actives plants against fungi. Going to
the meeting of this perspective, the aims of thislyg were to evaluate the antifungal activity
of extracts and essential oils obtained from plamsimonly found in Brazilian Northeast
against strainsef M.canisandCandidaspp. isolated from dogs, and to determine the atem
constitution of essential oils, in order to ideptits majority constituents. The ethanolic
extracts of Calotropis procera Momordica charantia Peschiera affinis and Piper
tuberculatumthe cashew nut shell liquid (CNSL) and constitaganacardic acid, cardol and
cardanol) obtained frorAnacardium occidentalehe of decoct oMangifera indica and the
essential oils fronCoriandrum sativunand the varieties Tommy Atkins, Rosa, Moscatel and
Jamim ofM. indica were evaluated. The essential oils were obtainethylro-distillation
method and the chemical compositions were analyagdgas chromatography/mass
spectroscopy. The fungal strains were obtained tlrcollection of the Specialized Medical
Mycology Center, and the antifungal activity waseatained by agar-well diffusion and broth
microdilution methods. The ethanolic extractdvbfcharantig P. tuberculatumP. affinisand
the decoct oM. indica were effective only again®il. canisstrains, while the essential oil
from C. sativumwas active against all tested fungi. The esseatiglfromM. indicavarieties
showed good antGandidaactivity, however the Jasmim variety was mostaiée. Linalool
and geraniol were the main constituents of Ghesativumessential oil. The varieties Rosa,
Moscatel and Jasmim presents caryophyllene oxide famulene 1l epoxide as main
constituents, while the main constituents of TomAtkins variety were —selinene and
caryophyllene oxide.Facing the foregoing, it appears that the floraNoftheast is a rich
source of plants with antifungal potential, and enstudies must be conducted in order to
optimize the utilization of natural resources ire tireatment of mycosis in veterinary
medicine.
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1 INTRODUCAO

Os fungos sdo microrganismos que constituem um ogrdpersificado e
abundante na natureza, fazendo parte de varioesith ambiente, incluindo a microbiota de
homens e animais. S&o caracterizados por estruwmalulares ou multicelulares e
classificados de acordo com sua morfologia em Blamsos, leveduras e dimorficos. Na
clinica veterinaria de pequenos animais, os fupgbdsgénicos mais freqientemente isolados
sdo os filamentosos, especialmente os dermatofsegidos das leveduras. As doencas
infecciosas causadas por fungos constituem um gmablcritico para a saude publica,
especialmente em regides tropicais e subtropicaisdesenvolvimento (PAIXAO et al.,
2001).

A dermatofitose nos animais de guarda e compagh&mantém estreito contato
com seus proprietarios, se constitui em dermat@pbdiimportancia ndo so pela frequéncia
com que é diagnosticada em todo mundo mas, prinogode, pelo seu potencial zoondtico
(BALDA et al., 2004).

A resisténcia a antibiéticos e a toxicidade durdrdatamentos prolongados com
varias drogas antifungicas, tém sido a razdo pa@extensiva procura de novas drogas para
a terapéutica de infec¢des causadas por fungosxi@gos obtidos de plantas como espécies
do géneroCroton Lippia sidoides, Santalum album, Melaleuca altesif, Foeniculum
vulgare, Mentha piperita, Citrus lemon, Thuja ot&es, Euphorbia prostata, Salvia texana,
Colubrina greggii, Clematis drummondiigdentre outras,tém demonstrado resultados
promissores que estimulam a busca de novas plamtagpotencial antifungico (HAMMER;
CARSON; RILEY, 1998; EZZAT, 2001; ALANIS-GARZA etl.a 2007; FONTENELLE,
2008; MATASYOH; MAYO; NGURE, 2008).

O uso das plantas medicinais e suas virtudes &etiaps foram acumulados
durante séculos, e muito desse conhecimento em@eiencontra disponivel atualmente. O
conhecimento sobre plantas medicinais represent@in@a representa o0 UNiCO recurso
terapéutico de muitas comunidades e grupos étf@bSTASI, 1996). Durante a ultima
metade do século XX a pratica da fitoterapia torseuifundida por todo mundo. Isto é
suficiente, em parte, para o reconhecimento dor\dosistema de medicina tradicional e a
identificacdo de plantas medicinais que tém mostrad significativo poder de cura no seu
estado natural ou como fonte de novos agentes ¢atdtacos (ELVIN-LEWIS, 2001).

A medicina alopatica utiliza universalmente cedeall9 drogas, com estruturas
definidas, que séo extraidas de plantas superi@CeADWICK; MARSH, 1990). A
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existéncia de cerca de 250.000 espécies de planfasiores permite deduzir que muitas
substancias com atividade medicinal podem serdaelee caracterizadas estruturalmente
desses organismos vegetais. A Quimica de Prodwtgdis € dentro da quimica brasileira a
area mais antiga e a que, talvez ainda hoje, cgngram maior nimero de pesquisadores
(PINTO et al., 2002). Testes fitoquimicos sdo essgnpara a identificacdo dos componentes
presentes nos produtos naturais obtidos de plaptagsipalmente quando estes extratos
possuem bioatividade e se pretende isolar subataadim de encontrar principios ativos.
Testes de sensibilidade vitro e testes fitoquimicos sdo essenciais para que se

possa encontrar na flora nordestina novas planigasacontra fungos de importancia
veterinaria. Esta dissertacdo aborda estudos fittgos de produtos naturais obtidos de
plantas encontradas no Nordeste brasileiro, benb @rmavaliacdo do potencial antifungico

contra o dermatofitMicrosporum cani® a levedur&andidaspp. isolados de caes.
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2 REVISAO BIBLIOGRAFICA

2.1 Plantas medicinais: generalidades

O contexto social moderno, as necessidades do deerfarmacéutico e o
reconhecimento de que pesquisas com plantas madicusadas na medicina popular
representam uma abordagem compativel com o des@neokto de novas drogas levaram a
um aumento do namero de publicacbes neste campovirie do reconhecimento da
importancia desta area de estudo por parte daguipdes privadas ou governamentais
(RATES, 2001).

O conhecimento sobre plantas medicinais simbaotimdas vezes o Unico recurso
terapéutico de muitas comunidades e grupos étrfitaso de plantas no tratamento e na cura
de enfermidades € tdo antigo quanto a espécie furAarda hoje nas regides mais pobres do
pais e até mesmo nas grandes cidades brasildmagagmedicinais sdo comercializadas em
feiras livres, mercados populares e encontradagj@ntais residenciais (MACIEL et al.,
2002).

O uso de plantas medicinais vem crescendo sulsi@eate nos ultimos anos,
haja vista a facilidade de acesso, o baixo custmaecompatibilidade cultural, principalmente
na regido Nordeste. As formas de uso de plantascmad podem variar desde o uso de
chas, preparados com plantas frescas, até o ugpdgjegotas, capsulas e outros tipos de
fitoterapicos (NOGUEIRA et al., 1996).

2.1.1 Importancia das plantas medicinais

A utilizag&o de plantas no tratamento de diversésraidades infecciosas ou néo,
€ uma pratica que foi bastante utilizada por noastepassados, principalmente em épocas de
inexisténcia de produtos farmacéuticos mais avag;a® uso de produtos naturais com
propriedades terapéuticas é tdo antigo quantoiélizagdo humana e, por um longo tempo,
produtos minerais, plantas e animais foram a<ipas fontes de drogas (RATES, 2001).

Ao longo do tempo tém sido registrados variadoscemonentos clinicos
tradicionais utilizando plantas medicinais. Apegagrande evolucdo da medicina alopatica a
partir da segunda metade do século XX, existemaobkis basicos na utilizacdo pelas
populacdes carentes, que vao desde o acesso dogsceée atendimento hospitalares a
obtencdo de exames e medicamentos. Estes motsssciados com a facil obtencéo e a
grande tradicdo do uso de plantas medicinais, iboetm para sua utilizacdo pelas populacdes
dos paises em desenvolvimento (VEIGA JR.; PINTOQVEL, 2005).
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As plantas com propriedades terapéuticas utilzada cuidado de saulde
tradicional constituem uma importante fonte de isos@mpostos biologicamente ativos. Elas
aparecem como parte do cuidado tradicional de said@auitas partes do mundo ao longo de
décadas e tém despertados o interesse de varipsigaaores (BELEM, 2002; MICHELLIN
et al., 2005; FONTENELLE et al, 2007; FONTENELLB0OB).

2.1.2 Oleos essenciais

As dificuldades observadas nbzajdo pratica de substancias naturais dependem
de varios fatores, podendo-se destacar, além desoatpectos técnico cientificos: (a) a
solubilidade e as quantidades relativamente peguaonaroduzidas pelos organismos vivos;
(b) reduzido numero de pesquisadores dedicados temizalhos de investigacoes,
especialmente no Brasil; (c) dificuldades sintétieaviabilidade econdmica, principalmente
guando as moléculas naturais apresentam-se datadasios centros quirais; (d) auséncia de
uma politica consistente para a ciéncia, educac&eceologia no pais; (e) interacdo
interdisciplinar incipiente; (f) competicdo com usdrias qua aplicam altos investimentos
almejando lucros exorbitantes e controle de mercadsumidor (BRAZ-FILHO, 2007).

Tanto extratos de plantas obtidos com solventg&dnicos ou por arraste com
vapor d'agua (Oleos essenciais) tem demonstradddadie antimicrobiana. Os Oleos
essenciais sdo originados do metabolismo secundasoplantas e possuem composi¢ao
quimica complexa. Estdo relacionados com diversagdes necessarias a sobrevivéncia
vegetal, exercendo papel fundamental na defesaaconicrorganismos. Ainda tem sido
estabelecido cientificamente que cerca de 60% thss Gessenciais possuem propriedades
antifingicas e 35% exibem propriedades antibactasi@OLIVEIRA et al., 2006).

A ISO (International Standard Organization) defidkeos essenciais como
misturas complexas de substéancias volateis, lipa$i] geralmente odoriferas e liquidas. Seus
constituintes variam desde hidrocarbonetos terpénilcoois simples e terpénicos, aldeidos,
cetonas, fendis, ésteres, oxidos, peroxidos, fera@cidos organicos, lactonas, cumarinas e
até compostos com enxofre. Na mistura, tais conmst#s apresentam-se em diferentes
concentracdes, normalmente, um deles é o composijoritario, existindo outros em
menores teores e alguns em baixissimas quanti(@t©ES, 2004).

A composicéo do 6leo é determinada geneticamsatelo geralmente especifica
para um determinado 6rgéo e caracteristica parasagio de desenvolvimento, contudo as
condicbes ambientais sdo capazes de causar variaggeificativas. Alguns aspectos

determinantes da variabilidade podem ser citados,como: ciclo vegetativo, processo de
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obtencéo, quimiotipos (vegetais botanicamente id@&nue diferem quimicamente) e fatores
extrinsecos (SIMOES, 2004).

Quanto a sua aplicabilidade, os 0leos essens#us detentores de grande
importancia econdmica, sendo largamente utilizado® na industria como edulcorantes e
aromatizantes (CRAVEIRO et al., 1977), quanto ndiomea popular como componentes de
chas e infusdes para aliviar distlrbios gastrimast (ITOKAWA et al., 1981), como
analgésicos diuréticos (MENDONCA et al., 1991)j-amlaricos (KLAYMAN, 1985) dentre
outras atividades.

Os Oleos essenciais obtidos de diversas plantasg@nhado popularidade e
despertado interesse de pesquisadores de todo dombia medicina tradicional, muitos
Oleos essenciais tém apresentado atividade camtgn$ patdbgenos, por essa razdo, pesquisas
nesta area que comprovem esta atividade de acordgpmotocolos cientificos modernos e
adequados tornam-se cada vez mais necessarios EURLE, 2008). Muitos Oleos
essenciais tém sido empregados como medicamentoplazoentares no tratamento de
infec¢des fungicas e bacterianas (HAMMER; CARSON;EY, 1998). Estudos anteriores
tém demonstrado atividade de 6leos essenciaisacdetmatofitos e leveduras (HAMMER,;
CARSON; RILEY, 1998; EZZAT, 2001; FONTENELLE et ,al2007; MATASYOH;
MAYO; NGURE, 2008). Devido a sua complexa compasic®s Oleos essenciais
demonstram uma variedade de acfes farmacologmasnto-os potenciais fontes para o
desenvolvimento de varias drogas (SANTOS, 1997).

2.2 Plantas estudadas nesta dissertacdo
2.2.1Coriandrum sativunt.

O C. sativumpertencente a familia das umbeliferas, € umaalaatbacea ereta,
anual, ramificada, aromatica, que mede de 30-50enaltlira (Figura 1) e € conhecida
popularmente como coentro, coendro, coentro-dasgiocoandro, caopunga, coriandro,
xendro e coendro (BRAGA, 2001; LORENZI; MATOS, 2002

Suas folhas sdo compostas, pinatifidas e finass #lores alvas, pequenas e
dispostas em umbelas e seus frutos diaquéniosggisl@®minusculos (Figura 2). Oriundo da
Europa meridional e do Oriente proximo, o coentrangplamente cultivado no Nordeste
brasileiro, geralmente em canteiros elevados do (BBAGA, 2001).

E cultivado em hortas e jardins domésticos deejtmdo o Brasil, principalmente

Norte, Nordeste e Centro-Oeste. Suas folhas sétaamapte utilizadas como condimento na
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culinaria brasileira. E também utilizado como artimeate de paes, licores, cervejas e na
industria de perfumes (LORENZI; MATOS, 2002).

(Fonte: W\/mtz;nical.com)
FIGURA 1- Morfologia geral d&. sativum

y
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Fopte: courses.nres.uiuc.edu/hort343/i/erbs.htm

FIGURA 2 -C. sativum
Suas folhas, frutos e sementes sdo utilizados edicma caseira de algumas

regides do pais, sendo considerados: sudorificojosigtico e carminativo, empregado
principalmente para atonia gastro-intestinal (@gtses intestinais, fermentacdo excessiva e
célicas gastrointestinais), contra ansiedade, s@sm® e como moderador de apetite
(LORENZI; MATOS, 2002).
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Na sua composicdo quimica destacam-se: 6leo éaisepectinas, taninos,
mucilagem, flavondides, acido acético e oxalicajasarol, limoneno, terpineno e linalool
(LORENZI; MATOS, 2002).

O oleo essencial extraido das folhas do coentpoesantou atividade
antimicrobiana contra bactérias Gram positivasarGnegativas, e leveduras (MATASYOH,;
MAYO; NGURE, 2008).

2.2.2Mangifera indicalL.

A M. indica conhecida popularmente como mangueira, € perienee familia
das anacardiaceas e é originaria da Asia austatatj porém hoje é naturalizada em todas as
regides intertropicais. Trata-se de uma arvoreleleado porte, as vezes com mais de 20m de
altura e até 2,50m de diametro, esgalhada, formdadsa e frondosa copa, em cuja sombra

nao cresce planta alguma (Figura 3) (BRAGA, 2001).

i
L B~

(Fonte: www.nybg.org)

FIGURA 3M.indica

A manga, uma das mais populares frutas tropioaiginaria do sudeste asiatico,
foi introduzida no Brasil no século XVI, dando ag, através de sementes, a diversas
variedadegultivadas, as quais representam desde a décad@ aenangicultura brasileira.
(SUBRAMANYAM et al., 1975; BOTREL, 1994; DONADIO ei., 1982. Ha perto de cinco
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centenas de variedades de mangas, distintas faima, coloracdo e qualidade dos
frutos (BRAGA, 2001).

Recomenda-se o0 uso de partes da mangueira naonérata das bronquites
cronicas e outras afeccOes do peito, contra disanteemorragias intestinais, catarro da
bexiga, gracas a presenca da terebintina e outimsgos constitutivos das frutas. Ainda é
diurética e estimulante da funcdo lactea. As folb@s galactagogas e adstringentes. As

sementes possuem propriedades anti-helminticas @RA001).

2.2.3Momordica charantid..

A M. charantiaL. € uma trepadeira pertencente a familia Cucacbéde sendo
comumente conhecida no inglés como “bitter meloglie significa meldo amargo
(GROVER; YADAYV, 2004). No Brasil foi denominada pdarmente como melédo-de-séo-
caetano, erva-de-lavadeira, erva-de-sao-vicent-tte-cobra e meldozinho (SOUZA, 2001).

A M. charantiaL. (Figura 4) possui folhas com bordas pontiagugias ddo a
impressao de terem sido mordidas. Todas as paat@dadta, incluindo os frutos, possuem
sabor amargo. Os frutos sdo de formato retanguta assemelham a um pequeno pepino,
quando jovens sao de coloracao verde esmeraldasamo a amarelo alaranjado quando
maduros (GROVER; YADAY, 2004).

E composta de glicosideos, saponinas, alcaléide=s fixos, triterpenos,
proteinas e esterdides que sdo os responsavesug®racoes biologicas (RAMAN & LAU,
1996). Varios constituintes fitoquimicos tem sidsolados de todas as partes das
plantas,sendo estes: momorcharins, momordicilirmardenol, momordicins, momordicinin,
momordin, momordolol, charantin, charina, criptakan cucurbitins, cucurbitacins,
cucurbitanas, goiaglicosidios, goiasaponinas eifhouénol (HUSEIN et al., 1994; XIE et al.,
1998; YUAN et al., 1999; MURAKAMI et al., 2001).

Os frutos verdes séo fontes de vitamina A e Goferfésforo (GROVER; YADAY,
2004). Apresentam também uma mistura de saponisssroglais conhecidas como
charantina, peptideos semelhantes a insulina éiaea (RAMAN; LAU, 1996), que sdo
responsaveis pela atividade hipoglicemiante e ipatiglicémica (ALI et al., 1993). Dos
frutos daM. charantiafoi isolada a proteina MAP30, a qual foi atribustlatividade anti-
tumoralin vitro, observada em certas linhagens celulares (RYBA#.£1994) e a atividade
anti-HIV (ROSS, 1999). Observou-sm vitro uma atividade antibacteriana contra
Helicobacter pyloriquando se utilizou o extrato etandlico obtido ffatos deM. charantia
(YESILADA et al., 1999).
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Os extratos das folhas (aquoso, etandlico e mitahode M. charantia tém
demonstrado, clinicamente e experimentalmenteidatie antimicrobiana de largo espectro
de acdo (KHAN, 1998)In vitro, apresentou acdo contiascherichia coli Salmonella
paratyphi Shigella dysenterae Streptomyces grisey® MEREGBE et al., 1996), observou-
se também um aumento na resisténcia a infec¢@as (@UNNICK et al., 1990).

No Nordeste brasileiro l. charantiaé encontrada em abundancia e foram descritas
onze subespécies que sdo proprias da regido. Mugsguisas tém sido feitas com essas
subespécies, suas folhas foram usadas oralmenterma de infusdo e cozimento como
antidiarréico e anti-reumatico (MATOS, 1997). Oratd etandlico das folhas demonstrou
atividade contra dlaemonchus contortusiematéide comum em caprinos (BATISTA et al.,
1999), atividade antiinflamatéria em modelos experitais (FARIAS, 2003), contra
Microsporum canisem camundongos e coelhos tratados durante cira® ainsecutivos
(BRAGA, 2003) e atividade contra lesbes gastricagizidas experimentalmente por etanol
(LEITE et al., 2002; LEITE, 2004).

(Fonte: www.hear.ojg

FIGURA 44.charantia

2.2.4Piper tuberculatundacq.

E uma planta subarbustiva nativa do Brasil, pegete a familia Piperaceae,
constituida de um arbusto ereto, ramificado, pésknj de hastes articuladas e nodosas, de 2-
4 m de altura (Figura 5). Possui folhas simple®iias, cartaceas, opacas em ambas a faces,
com a inferior finamente pubescente. Suas florepsguenas, discretas, reunidas em espigas
alongadas, densas e curvas, de 10-17 cm de conmpoime® multiplica-se por sementes
(LORENZI; MATOS, 2002).
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E considerada uma planta daninha entre as pastagendo ocasionalmente
cultivada com fins ornamentais. Contudo, é na nginatural que sua popularidade é
maior, onde seus preparados sdo utilizados conmmotGrarminativo, antiespasmaotico, contra
blenorragia e afeccdes do figado, vesicula e liagernamente € utilizada contra a erisipela
e seu Oleo essencial mostrou atividade contra mascaforma intermediaria do agente
causador da esquistossomose. Andlises fitoquimemasontraram nas folhas dP.
tuberculatumum derivado do acido cinamico, a piperlonguminajne alcaldide dimeérico
pouco comum na natureza (LORENZI; MATOS, 2002).

Estudos com extratos de plantas da familia Pipamtem mostrado uma grande
diversidade de metabdlitos com marcantes atividdi@égicas. Dentre estes metabdlitos
podem ser citados lignanas, neolignanas, terpepagenilfendis, chalconas, flavonas,
benzopiranos e amida. Na Paralfbdauberculatumconhecida popularmente como “pimenta-
longa” e “pimenta d’arda”, tem sido largamente emgpda na medicina tradicional como
sedativo e antidoto para picadas de cobras. Qgingti$ isolados (amidas) desta planta
demonstraram excelente atividade contra o fur@adosporium sphaerospermura
Cladosporium cladosporioidesnde os valores dos MICs para as amidas foraitasg® aos
observados para os compostos de referéncia, maoeazstatina (DEBONSI et al., 2006;
SILVA et al., 2007).

(Fenhuntbot.andrew.cmu.edu)

FIGURA 5 P. tuberculatum
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2.2.5Peschiera affinigMull.Arg.) Miers
P. affinisé um arbusto da familia Apocynaceae, conhecidallgopente como

“empigeira”, “grédo de bode”, grédo de porco” em dsas partes do Pais e como “gréo de
galo” no Estado do Ceara. E uma espécie que tero baimitat natural o cerrado brasileiro,
entretanto existem registros de sua ocorréncia wodddte, especialmente no Ceard
(MONNERAT et al., 2005; SANTOS, 2008).

A familia Apocynaceae caracteriza-se pela fregi@uorréncia de compostos
alcaldidicos. Nas espécies @eschiera ha predominantemente a presenca de alcaloides
indolicos, os quais apresentam diversidades estigiuA literatura reporta a presenca de
alcaléides inddlicos como alguns dos mais sigrifica marcadores quimiotaxondmicos
deste género (KAM; SIM; PANG, 2003; MONNERAT et, 2005).

Os alcaloides inddlicos apresentam diversas aiiMgd bioldgicas tais como anti-
tumoral, antimicrobiana, anti-hipertensiva, cont@ova, antinflamatoéria, antimalarial, anti-
HIV, bactericida e leishmanicida, além de acaomaddnte sobre o sistema nervoso central
(ANDRADE et al., 2005; MONNERAT et al., 2005).

A P. affinis(Figura 6) € um arbusto esgalhado com cerca db finétro de altura.
Todas as partes possuem abundante latex bransza@sei A floragcdo nos anos de chuvas
normais € iniciada em agosto, atingindo o seu apegére os meses de janeiro e fevereiro
quando comeca a frutificacdo. A parte aérea € foanmer varios caules epigeos, lenhosos,
curtos, muito ramificados e originados de um xip&glibterraneo. Os espécimes mais velhos
chegam a formar um tronco tortuoso de pequena &sEe-10 cm), revestido pou um suber
pardo escuro muito rugoso e fendilhado (WOLTER-KILH981).

»"‘"f"\‘g" \ N
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(Font: Santos, 2008)
FIGURA 6 -P. affinis
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2.2.6Calotropis procera

E uma Asclepiadacea conhecida popularmente comodZb de seda, seda,
horténcia, flor-de-seda, ciime, ciumeira, leitepaininha-de-seda, queimadeira e janauba. A
C. proceratrata-se de um arbusto perene, ereto, pouco mud| fortemente lactescente,
com casca esponjosa e pode alcancar de 1,5 a 8@srde altura. E provavelmente nativa da
india e naturalizada em todas as regides tropseais-aridas da América, inclusive no Brasil
desde o Nordeste até o norte de Minas Gerais. Bli@s sao grandes, subcoriaceas, com
tomento esbranquicado na face inferior, medinda B® cm de comprimento. Possui flores
arroxeadas, dispostas em inflorescéncias fascisiladrminais. Os frutos sdo capsulas
infladas, globosas, grandes, com sementes envsleitlapainas sedosas brancas. Multiplica-
se apenas por sementes que sdo disseminadas pado(kiggura 7) (LORENZI; MATOS,
2002; BRAGA, 2003).

A literatura etnofarmacoldgica registra o emprdgasuas folhas, raizes e latex na
medicina caseira em algumas regides do pais. Sahasfem cozimento sdo ténicos

estimulantes, anti-reumaticas e tranquilizantes, lagex é utilizado por sertanejos como
odontalgico (LORENZI; MATOS, 2002; BRAGA, 2003).

FIGURA 7 -C. procera

Preparados da planta também sdo utilizados par@tamento de epilepsia,
histeria, cancer, escaras, elefantiase, febre, gomcada de cobra. Estudos adicionais

mostraram que seu latex tem forte atividade pristemle que o extrato das raizes possui
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atividade antinflamatdria e acdo analgésica seglenkaios realizados com animais de
laboratério (LORENZI; MATOS, 2002). Populares tammbe utilizam para tratar pruridos e
problemas de pele de seus animais de estimacaémpoéo ha nenhuma comprovacao

cientifica sobre este uso.

2.2.7Anacardium occidentale Liquido da castanha de caju (LCC)

O cajueiro Anacardium occidentald_.) € uma planta nativa do Brasil, e encontra-se
hoje espalhado também na Africa e Asia. Produz uro,fa castanha, de importancia
industrial por si e, pela producéo, durante o bhelhento da améndoa da castanha de caju,
de um subproduto denominado liqguido da castanha cdmu (LCC), conhecido
internacionalmente com@ashew Nut Shell LiquigCNSL) (RODRIGUES, 2006).

A agroindustria do caju representa para a regiaoléébe uma atividade econdémica e
social de grande expressao, que garante rendar@asade 300 mil pessoas e gera divisas
superiores a 100 milhdes de ddlares anuais. Duranit® tempo somente a améndoa foi
considerada parte utilizavel do caju, enquanto € le€a considerado produto secundario que
dificultava o processamento da améndoa (RODRIGRES6).

O LCC é constituido de uma mistura de compostodlitms extraidos da casca da
castanha de caju. O principal componente do LCC é&cido anacardico (acido 3-n-
pentadecilsalicilico), um composto aromatico comawadeia alquilica longa e insaturada,
presente em 80-90%, enquanto o cardol (3-n-penteeercinol), o cardanol (3-n-
pentadecilfenol) e o metilcardol (2-metil-5-n-patdeailresorcinol) estdo presentes em
menores quantidades (KATTIMUTTATHU; VADI, 2005).

Sais de amébnio quaternario, obtidos a partir ddasal, vém sendo utilizados como
desinfetantes, germicidas e agentes sanitarias;ipalmente na industria de alimentos e de
limpeza (PRABHAKARAN et al., 2001). Outra aplicagéos derivados do cardanol que vem
crescendo bastante nos ultimos anos é como arditteidonde séo utilizadas principalmente
para estabilizar principalmente alimentos, combestj Iubrificantes e polimeros
(KLEMCHUCK, 1999).

O extrato metandlico da casca do caule do cajagiresentou atividade vitro contra
Cryptococcus neoforman{fBRAGA et al., 2007). FENNER et al.(2006) relatguoe diversas
partes do cajueiro sao utilizadas na medicina pomadmo anti-séptico e para o tratamento de
aftas, ulceras, feridas, impingens, e leucorrégenes indigenas de saude da area Araribadia,

no Maranh&o, utilizam a casca do cajueiro paratartrento de diabetes (COUTINHO et al.,
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2002), e SALGADO et al. (2001) citam uso populamooanti-séptico vaginal e para o
tratamento de diarréia, calos e infec¢des de pele.

2.3 Principais constituintes dos 6leos essencia@sdplantas estudadas

A composic¢do quimica dos Oleos essenciais depemdéribs fatores. Além da
técnica de extracdo utilizada outros, tais comimcalizacdo geogréfica, o estagio do ciclo
vegetativo da planta, condicbes climaticas, asidasnde cultivo, variacbes sazonais e
circadianas podem levar a obtencédo de 6leos cojoaadifere daquele da planta de origem
(SILVA, 2007).

2.3.1 Linalol
O linalol € um componente monoterpendide comumentontrado em Oleos

essenciais de plantas aromaticas. Espécies veggptaisontém linalol sdo utilizadas para

aliviar sintomas e até mesmo curar uma ampla \alede doencas agud: CH,
OH
e cronicas (PEANA; MORETTI, 2002). /c<

A atividade antimicrobiana do linalol contra fusge bactériasH2(|: I

tem sido amplamente estudada (CARSON; RILEY, 1$95TTNAIK et HZC\CH 2
al., 1997; PEANA et al., 1999; DELAQUIS et al, 200Rorman e Deans <"3
(2000) avaliaram a atividade antimicrobiana deogconstituintes de 6leo CH:s/ \CHs
essenciais, onde relataram atividade do linalotreo23 diferentes tipos dt
bactérias. Linalol

Além da atividade antimicrobiana do linalol, foramelatadas varias outras
propriedades medicinais, tais como: sedativa (EBBEASKY et al., 1995; LINCK et al.,
2008), anticonvulsivante (ELISABETSKY et al., 199@nti-inflamatdria (PEANA et al.,
2002), efeito espasmolitico (LIS-BALCHIN; HART, 199 e atividade anestésica

(GHELARDINI et al., 1999; RE et al., 2000).

2.3.2 Geraniol
O geraniol, também chamado de rhodinol, € monaterpeum alcool
presente na constituicdo quimica de Oleos esssneiraidos de varias

plantas como o coentroC( sativun), capim-citronela Cymbopogon

winterianum Jowitt.), alfavaca @cimum gratissimurni.), 6leo de rosas,
IL,C” CI,

Geramtiol lim&o, dentre outros. Devido ao seu odor, é muitpregado em perfumes e
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aromatizantes de alimentos sabor péra, amora, maldgé vermelha, lima, laranja, liméo,
melancia e abacaxi.

Pesquisas tém evidenciado o geraniol como umvefegpelente de insetos
(BARNARD & XUE, 2004). Por outro lado, ele tambénp@duzido por glandulas olfativas
de abelhas para ajudar a marcar as flores comrnéctacalizar as entradas para suas

colméias.

2.3.3 Oxido de cariofileno

O Oxido de cariofileno é um sesquiterpeno descnt literatura como
antinflamatorio (SHIMIZU et al,1990), fagorrepelenfKEELER; TU, 1991), antitumoral
(ZHENG et al, 1992), além de inseticida (BETTARINBORGONOVI, 1991).

Provavelmente existe uma correlacdo entre a atleidatifingica

. - T H,c H CH,
dos oOleos essenciais estudados e seus principaistitaomtes. 2
A . L C
Estudos prévios tém demonstrado que Oleos esssamn«:xasu|doresH3 ©
de espatulenol e 6xido de cariofileno como priaigonstituintes H
H.C

tém exibido atividade inibitdria contra espécies flengos
filamentosos (FARAG et al., 2004; WENQIANG et &006)

Oxido de cariofileno

2.4 Fungos: aspectos gerais

Os fungos séo organismos onipresentes em nossera@mbipesar de milhares de
espécies existentes, a grande maioria € saprofiticeolo ou agente patogénico vegetal, e
apenas 300 séo descritos como capazes de causgaslam animais. Varios critérios sao
utilizados para diferenciar fungos patogénicos al@aminantes como: origem; nimero de
colonias isoladas; espécies; se 0s elementos fimgiodem ser repetidamente isolados;
demonstracdo de organismos fungicos no tecido desaditulos sorolégicos positivos e
ascendentes em testes pareados. Com base enosritBriico-laboratoriais, as infec¢des
micoticas podem ser classificadas quanto a suabdigi@io em localizadas, multifocais e
generalizadas; e quanto ao tecido acometido enmrfgu@es, subcutaneas e sistémicas ou
profundas (ANDRADE, 2002).

Micoses sistémicas, tais como histoplasmose, epecatoidomicose e
criptococose, sao infecgBes fungicas que acometedrgiios internos, constituindo-se um
grande problema na clinica humana e veterinariaddev seu carater crénico e a dificuldade
de diagnostico (BEER, 1999; SPINOSA; GORNIAK; BERRIBI, 2002).
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As afeccbes fungicas recebem os nomes de micosgerfisiais ou
dermatomicoses quando os fungos somente afetamdarrep e suas formacgbes anexas
(pélos, cornos, unhas e cascos), ficando limitadawesmas. As dermatomicoses dos animais
domeésticos sdo provocadas, preferencialmente, parsds espécies de dermatofitos e,

esporadica e excepcionalmente, por leveduras (BEE$9).

2.4.1 Dermatofitos

Dermatdfitos sdo fungos patogénicos causadorasee;des na pele, cabelo, pélo
e unhas, onde utilizam o substrato queratinoso clomi@ alimentar (MARTINEZ-ROSSI,
PERES; ROSSI, 2008).

Os dermatéfitos pertencem ao reino Fungi, flo Mgcds dermatofitoses sdo
causadas por trés géneros de fungos patogénibbsrosporum, Trichophytone
Epidermophytor{(SIDRIM; ROCHA, 2004), cuja diferenciacdo é reatiaade acordo com a
forma dos macroconidios e dos microconidios (GRASE&., 1998). Entretanto, as espécies
responsaveis pela ocorréncia de dermatofitose e edatos pertencem especialmente aos
génerosMicrosporume Trichophyton(MACIEL; VIANA, 2005). Embora haja inGmeras
espécies de dermatéfitos, a maioria dos casoxatirem cdes e gatos € causada por trés
delas:M. canis, M. gypseum, Tentagrophyte§CABANES et al., 1997; BRILHANTE et
al., 2003).

De acordo como seu habitat natural os dermatofds classificados em
geofilicos, zoofilicos e antropofilicos (SIDRIM; RIBIA, 2004). Os geofilicos habitam o
solo, vivem como saprofitas e podem parasitar péubsiro desencadeando intensa reacao
inflamatdria; os zoofilicos sdo dermatofitos addptaa pele e pélos de animais, e raramente
sao encontrados no solo; os antropofilicos séotadap a pele e anexos de seres humanos, e
nao sobrevivem no solo (OLIVARES, 2003).

Vérios autores citam que algumas dermatofitoses cefsideradas zoonoses
(GARCIA; BLANCO, 2000; CRESPO et al., 2000; TAKAHAIE 2003). Devido aos
aspectos de saude publica, as dermatofitoses esreagaos merecem atencdo especial, uma
vez que estes animais mantém estreito contato comamos, especialmente criancas. O
animal é infectado quando, apesar dos mecanismdsfdsa do hospedeiro, o agente penetra
0 extrato corneo ou o foliculo piloso (MENDLEAU;RIIC, 1992). A instalacdo do processo
infeccioso primario classico esta relacionada &o d&@ os dermatofitos produzirem enzimas
queratoliticas e lipase, cuja acdo favorece enteadsstalacdo da micose na pele e pélos
(CARLTON; MCGAVIN,1998), e, em segundo plano, acls mecéanicas. Viani et al.
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(2001), em estudos sobre a atividade enzimaticacepas deM. canis analisaram
gueratinases, li pases e elastases e demonstraeameanzima queratinase esta correlacionada
diretamente com o desenvolvimento dos sintomas les@es dermatofiticas, ndo sendo
observada tal situacdo com as demais enzimas.

O dermatofito acomete o tecido queratinizado, panat pele, pélos e unhas
causando danos mecanicos que resultam em descadeciperficie epitelial e quebra do
pélo. Seus metabdlitos se difundem pelas célulapukerme causando reacao inflamatoria e
de hipersensibilidade, responsaveis pelo desemeito das lesbes (DAHL, 1994). A
apresentacdo clinica da dermatofitose € muito darianas a lesdo classica descrita na
literatura é caracterizada por alopecia circinadagular ou difusa e de expansao centrifuga.
As lesdes acometem mais comumente a face, asasrelb patas e a cauda, podem evoluir
para uma cura espontanea ou para leséo generati€auiza que afeta todo o corpo do animal
(MACIEL; VIANA, 2005). Em geral, o prurido € minimau ausente, mas pode ser acentuado
pela presenca de ectoparasias ou alergias.

O M. canis(Figura 8) dentre os dermatdfitos, € o responsavel pela naad®i
casos de micoses em animais de estimacdo e o reagisehte dermatofito zoofilico de
humanos, em diversas areas urbanas (SIMPANYA:; BAXTHE996; CABANES, 2000;
BRILHANTE et al., 2003). E um fungo filamentoso,sowopolita, transmitido por diversos
animais domesticos, tendo como principal reseri@fétinos jovens, que podem apresentar-
se clinicamente afetados e, em contraste, os adptidadores podem ndo apresentar lesdes
(SIDRIM; ROCHA, 2004).

(Fonte: CEMM, 2007)
FIGURA 8: Colbnias d&/. canis aspecto

algodonoso e relevo radiado
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2.4.2 Leveduras

O género Candida € composto por fungos leveduriformes hialinos, que
apresentam duas formas de reproducdo: assexuadaamworfa e sexuada ou teleomorfa.
Taxonomicamente sdo enquadradas no grupo dos a&®stom)i visto que a reproducédo
sexuada é caracterizada pela producéo de ascoRI(BIROCHA, 2004).

O isolamento d€andidaspp a partir da microbiota de animais saudave®é®
relatado, no entanto sabe-se que sdo levedurasbsspde homens e animais. Espécies do
género estao presentes em diferentes sitios, cobmodigestivo, mucosas e pele de varias
espécies animais, incluindo muitos passatosalbicanse C. parapsilosissao tidas como as
espécies mais isoladas e normalmente habitamtemsis gastrointestinal e respiratério, além
da mucosa genital de animais (RINALDI, 1993; HESHEH et al., 2003).

Espécies de &hdidaque vivem como comensais podem se tornar patogenas
causar enfermidades, denominadas candidiases, enréteia de distirbios nas protecoes
fisica, quimica e imunolégica do hospedeiro asslosia viruléncia da cepa (MUELLER et
al., 2002; MORETTI et al.,, 2004). Sdo fatores ppdnentes a esse tipo de infeccao:
presenca de doencas auto-imuiapetes mellitususo de corticosteroide e antimicrobianos
de largo espectro, cateterismo venoso e urindredministracdo de nutricdo parenteral
(HESELTINE et al., 2003).

O géneroCandidaspp apresenta colonia de coloracdo branca, supelia e
textura glabrosa umida (RAPOSO et al., 1996) (Rid), que crescem bem dentro de 48
horas, entre temperaturas de 25 e 37°C (SIDRIM; R®C2004). Com relacdo a
microscopia, se laminas forem preparadas diretareepartir de um fragmento da col6nia ou
de amostra clinica positiva, apenas estruturaelutéces, denominadas blastoconidios, que

podem estar isoladas ou apresentando brotameimigev&isualizadas (Figura 10).
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FIGURA 9- Coldnias d€andidaspp. FIGURA 10- Blastoconidios de leveduras
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Para identificacdo e fenotipagem de uma espécigémeroCandidg muitos
aspectos séo levados em consideragdo, como madplogpacidade de formar tubo
germinativo, assimilacdo de carboidratos, assi@dacle nitrogénio e fermentacdo de
carboidratos (DEL CASTILLO et al., 1997; SIDRIM; RBIA, 2004; BRITO, 2005).

2.5 Estudo sobre a incidéncia das dermatofitoses

O termo zoonose pode ser definido como infeccdodoenca transmitida
naturalmente entre animais vertebrados e o homerdeAnatofitoses estdo entre as zoonoses
micéticas mais difundidas no mundo, e sédo contsafitancipalmente pelo intimo contato
com os agentes (FERREIRO et al., 2007).

A magnitude de ocorréncia e o fato dessas dermatisp constituirem
antropozoonoses de alta incidéncia em pacientesaimsn sobretudo nas primeiras faixas
etarias, levaram ao estudo pormenorizado de aspeclimicoepidemioldgicos das
dermatofitoses tanto na medicina veterindria quardomedicina humana (LARSSON;
LUCAS; GERMANO, 1997).

As dermatopatias de etiologia fangica de cées ®sgaprincipalmente a
microsporiase, sdo de grande relevancia no contiex@alde Publica, visto que a criacdo e a
manutenc¢do de animais de companhia no ambientectiamé amplamente difundido em
todas as camadas da sociedade. As criancas, o®sadidbilitados, os idosos e o0s
imunodeficientes constituem o grupo de maior risemdo, contudo, os portadores do HIV os
individuos que inspiram maior preocupacdo, dadaaadg suscetibilidade a infec¢cdes por
fungos (LARSSON; LUCAS; GERMANO, 1997).

E possivel a infeccdo humana por dermatofitositions ou geofilicos, entretanto
€ rara a infeccdo animal por dermatofitos antrdipofi, os quais dificilmente regridem na
cadeia ecologica (PINHEIRO; MOREIRA; SIDRIM, 1997).

Pinheiro, Moreira e Sidrim (1997) apontaram unegfiéncia maior das espécies
antropofilicas sobre as espécies zoofilicas ndogta de dermatofitoses humanas no meio
urbano, contrastando com achados de pesquisazadsdi em regides rurais, onde se
caracteriza o contato direto do homem com os asich@nésticos de diferentes espécies e a
predominante ocorréncia de dermatofitoses zoddili@INHEIRO; MOREIRA; SIDRIM,
1997).

E possivel admitir que a ocorréncia de dermatditpor espécies antropofilicas
esta, direta ou indiretamente, associada a divdegoses, entre 0s quais nao se inclui o

contato com cdes e gatos domésticos. Quanto asc@iefe humanas por dermatofitos
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zoofilicos, estas, apesar de esporadicas, estatamiente associadas a animais infectados.
Este fato ndo inviabiliza o convivio do homem cdimse gatos domésticos, uma vez que as
dermatofitoses zoofilicas no meio urbano apresertaira freqiéncia e o convivio do
homem com animais domeésticos tem pequena repredentsn microepidemias familiares
por dermatdfitos antropofilicos (PINHEIRO; MOREIRSIDRIM, 1997).

O Tricophyton rubrumé a espécie predominante do total de dermata§itdiados em
humanos, seguido dirichophyton tonsuransM. canise T. mentagrophyte€© T. tonsurans
€ o principal causador de microepidemias familisseado o agente etioldégico mais frequiénte
daTinea capitis(Figura 11) nas regides Norte e Nordeste, mostraedoastante adaptado a
temperatura e umidade relativas elevadas (PINHEIR@REIRA; SIDRIM, 1997;
BRILHANTE et al., 2000). As principais regides huma acometidas pelos dermatofitos sao
o corpo (regides de pele glabra), especialmen&gida inguinal; o couro cabeludo e os pés
(BRILHANTE et al., 2000).

(Fonte:www.visualdxhealth.com)

FIGURA 11 -Tinea capitis

O dermatdfito isolado com maior freqiiéncia em eagatos € ®. canis seguido

pelo M. gypseume T. mentagrophytesembora ocorra variacdo de espécies em diferentes
regides do mundo. No que tange a predisposicéia eidanto a instalacdo das dermatofitoses,
animais com menos de 12 meses de idade sdo osaswitetidos, podendo esta maior
suscetibilidade estar vinculada a imaturidade siesia imunolégico (BALDA et al., 2004).

Animais de raga sao 0s mais acometidos e podabservada uma maior prevaléncia
em cées da raca Yorkshire Terrier, Poodle e PAsondo e gatos Persa (LEWIS et al., 1991,
CABANES, 2000; BRILHANTE et al., 2003). Teoricamerds pélos alongados facilitam as

condicOes Otimas de temperatura e umidade paragjastruturas fungicas fiquem protegidas
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contra a dissecacao, favorecendo assim a sua @giagTais evidéncias conflitam com
trabalhos realizados sobre dermatofitoses em husnaoiode o pélo curto favorece a
implantacéo de artroconidios. A presenca de sutistina pele como sebo e suor, ou ainda
fatores genéticos podem ser considerados fatoresusteptibilidade de algumas racas as
dermatofitoses (SPARKER, 1993).

Com relacdo a sazonalidade, ndo se demonstralag@oudas dermatofitoses as
estacdes do ano. No tocante ao sexo do animalsa@werificadas predisposicoes sexuais
relacionadas as infeccdes fungicas superficiaisREBON; LUCAS & GERMANO, 1997,
BALDA et al., 2004). As lesbBes geralmente ndo apresn prurido, ou quando este esta
presente, é de intensidade moderada. Topografitamenservam-se lesdes assestadas em
ambas espécies, geralmente em ordem decrescenteeqi€ncia nas regides cefalica,
toracica, de membros, cervical e abdominal (Figa As dermatofitoses sdo caracterizadas
por lesBes alopécias, crostosas, discrobmicas, mesevas, papulares e nos céaes
adicionalmente, pela presenca de liquenificacastutas e de lesdo em colarinho epidérmico
(BALDA et al., 2004).

Fofte: HOVET/FMVZ-USP,S&o0 Paulo, 2001)

FIGURA 12 -Dermatofitose — lesdes alopécicas

polimorficas, disseminadas, tendendo a coalescéncia

Dentro da relacdo entre seres humanos e animaissenfiode atribuir potencial
zoonodtico somente aos animais domésticos que apeeseuadro clinico de dermatofitoses,
mas também animais assintomaticos, portadores domanismo como parte de microbiota
da pele normal (ROMANO, 1987; CABANES et al., 199&)n até 88% de prevaléncia

(SPARKES, 1994). Observa-se uma estreita correlagéie estes portadores assintiomaticos
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e a boa adaptacédo d¥. canis aos pélos e pele destes pequenos animais (MORIELLO
DEBOER, 1991).
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3 JUSTIFICATIVA

A elevada incidéncia de dermatomicoses na medieetarinaria, bem como o
desenvolvimento de resisténcia fungica tém incadtiva pesquisa em busca de novos
agentes antifungicos que possam ser utilizados co@imdos alternativos de tratamento
destas enfermidades. No Laboratério de Quimica emduBos Naturais da Universidade
Estadual do Ceara e no Centro Especializado emlddjicoMédica da Universidade Federal
do Cear4, vérias plantas tém sido estudadas gaargeu potencial antifungico, apresentando
resultados satisfatorios que estimulam a buscanpeas plantas possuidoras de principios

ativos contra fungos.
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4 HIPOTESE

Os extratos etanolicos das plandsmordica charantial, Piper tuberculatum
Jacq Peschiera affinigMull.Arg.) Miers e Calotropis procera o decocto daMangifera
indica, o liquido da castanha de caju e seus constituatelo anacardico, cardol e cardanol
(Anacardium occidenta)ee os Oleos essenciais G@eriandrum sativuni. e das variedades
Tommy Atkins, Rosa, Moscatel e Jasmim Me indica apresentam atividade antifingica
contra cepas del. canise Candidaspp. isoladas de cées.
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5 OBJETIVOS

5.1 Objetivo Geral

Realizar o estudo fitoquimico de extratos e OksEnciais de plantas comumente

encontradas no Nordeste brasileiro e avaliar swadadle antifingica contra cepas bk

canise Candidaspp isoladas de cées.

5.2 Objetivos especificos

1 Obter extratos e Oleos essenciais das planes@shdas;

2 Testar a atividade antifiUngica de extratos esdmsenciais de plantas selecionadas;

3 Analisar a constituicdo quimica do O6leos essencda identificar seus constituintes

majoritarios.
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Resumo
Objetivo: Encontrar novos agentes antifingicos.

Metodologia e ResultadosO 6leo essencial dos frutos o sativumfoi obtido por hidro-
destilacdo e analisado por cromatografia gasostgemetria de massas. O constituinte
majoritario foi o linalol (58,22%). O o6leo essendi@ considerado bioativo, pois mostrou
uma Clso de 23 pg mt no teste de letalidade frente Artemia salina. A atividade
antifingica contraMicrosporum canise Candida spp foi avaliada através do método de
difusdo em &gar e a concentracao inibitoria mir(iGid) e a concentragdo fungicida minima
(CEM) através do teste de microdiluicdo em calddl€d essencial induziu zonas de inibicdo
de 28 + 5.42 e 9.25 + 0.5 pdvh canise Candidaspp., respectivamente. As CIMs e CFMs
para cepas dél. canisforam de 78 a 620 e de 150 a 1p50mL™?, e as CIMs e CFMs para as
cepas d€andidaspp foram de 310 a 620 e de 620 a 125@nL", respectivamente.

Conclusdes:O 6leo essencial obtido dos frutos @e sativum € ativo contraM. canise

Candidaspp., demonstrando boa atividade antifingica.

Significado e impacto deste estudd Oleo essencial dos frutos @e sativumpode ser uma

fonte Util de compostos antifungicos para a medigkterinaria.

Palavras-chave: Coriandrum sativum Oleo essencialMicrosporum canis Candida spp.,

Artemia salinaLinalol.
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Abstract

Aims: To find new antifungal agents.

Methods and Results:The essential oil from fruits of. sativumL. obtained by hydro-
distillation was analyzed by gas chromatographysrssectroscopy. Linalool was the main
constituent (58.22%). The oil was considered biwacshowing an L& value of 23 ug mt*

in the Artemia salina lethality test. The antifungal activity was evdkth against
Microsporum canisand Candidaspp. by the agar-well diffusion method and theimum
inhibitory concentration (MIC) and the minimum fuagal concentration (MFC) by the
broth microdilution method. The essential oil inddogrowth inhibition zones of 28 + 5.42
and 9.25 £ 0.5 foM. canisandCandidaspp. respectively. The MICs and MFCs [ér canis
strains ranged from 78 to 620 and 150 to 12§0nL*, and the MICs and MFCs f@andida
spp strains ranged from 310 to 620 and 620 to 125@L 7, respectively.

Conclusions: C. sativumessential oilis activein vitro againstM. canisand Candidaspp.

demonstrating good antifungal activity.

Significance and impact of this study:C. sativumessential oil can be a useful source of

antifungal compounds for veterinary medicine.

Keywords: Coriandrum sativumEssential oilMicrosporum canisCandida spp., Artemia

saling, Linalool.
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Introduction

Dermatophytosis are one of the most frequent siseades of pets and livestock.
Contagion among animal communities, high treatnoexst, difficulties of control measures
and public health consequences of animal ringwaenadl factors urging the study of these
fungi (Chermette et al., 2008). Fungal disease tagane widespread and can be isolated from
a wide range of sick animals or asymptomatic cemrievhich can represent important
reservoirs for people in close contact with therhisTsituation should be considered as an
important risk factor for those with impairment tifeir immune systems and, therefore,
anyone working with or handling animals. The dewpaitosis caused biylicrosporum
canispresents an increasing incidence in human patiersisveral Brazilian cities and also in
the world and it is often the predominant fungusdermatological clinics (Ferreiro et al,
2007).

Yeast of the gener&andidacan be found as commensal microorganisms in
animals and are considered one of the most imposgzaties in veterinary medicine. Strains
of Candidaspp. isolated from dogs showed high resistanezdte antifungal agents (Brito et
al., 2007). Although effective antimicrobials haveen developed over the years, there has
been increased development of antimicrobial drugistance to currently available
antimicrobials (Chopra, 2007). Many essential aigl plant extracts used in therapy have
many advantages over antibiotics, although therate more effective (Fontenelle et al,
2007).

The essential oil from leaves Gf sativumshowed antimicrobial activity against
both Gram positive and Gram negative bacteria. plast is known not to be toxic because it
has been consumed for centuries without showing sagrys of toxicity (Matasyoh et al.,
2008).

Due to known antibacterial activity of the leagestial oil ofC. sativumthe aim
of this study was to evaluate the antifungal agtiof the essential oil from fruits by the agar
diffusion and microdilution methods, and to deterenits main chemical constituents. In
order to evaluate the potential usefsativumessential oil as a phytotherapic product, the

toxicity was investigated using tigtemia salinaethality test.

Materials and Methods
Plant material and extraction of essential oils
The fruits used for extraction of the essential oil were harvested from

plants cultivated in the Medicinal Plants Orchard of State University of Ceara, from
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commercial seeds produced by ISLA Sementes LtdartdPAlegre, RS, Brazil)The C.
sativum essential oil was extracted by the hydro-distillation method in a modified

Clevenger apparatus, as described by Craveiro et al. (1976).

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

The chemical analysis of the essential oil comstits was performed on a
Shimadzu QP-2010 instrument employing the followiognditions: column: DB-5ms
(Agilent, part No. 122-5532) coated fused silicpitary column (30m x 0.25mm x 0.25um);
carrier gas: He (ILmL/min, in constant linear vetipenode); injector temperature was 250°C,
in split mode (1:100), and the detector temperatvas 250°C. The column temperature
programming was 35 to 180°C at 4°C/min then 1802&0°C at 17°C/min, and at 280°C for
10 min; mass spectra: electron impact 70 eV. Thecied sample volume was 1uL.
Compounds were indentified by their GC retentiones relative to know compounds and by
comparison of their mass spectra with those presetiie computer data bank (National
Institute for Standard Technology — NIST — 147, X@8npounds) and published spectra
(Stenhagen et al., 1974; Adams, 2001).

Brine shrimp lethality bioassay

The essential oil of. sativumwas assayed using a modified test of lethaliti.to
salina(Meyer et al., 1982). The eggs Af salinawere incubated in a hatching chamber with
seawater and kept at room temperature (averag€Rurfder artificial light around the clock.
Larvae after 48 hours were extracted and counted) égsPasteur pipette. A standard solution
of 1000 pg mr* was prepared with 100 mg of essential oil diliited.0 mL of DMSO, and
the volume was completed with seawater in a 100valumetric flask. Concentrations of
900, 100, 10 and 1 pg ritlwere prepared using standard solution. For eankentration,
10 brine shrimp larvae were used, placed in flabks were filled with seawater to a total
volume of 5 mL. Intermediate concentrations werelen@ calculate the Lg. For the control
group, a solution was prepared with 100 pL of DM&al 4.9 mL of seawater. After 24
hours, the dead larvae were counted and thg L&8lue was estimated using the Origin 7.0
statistical program.

LDsp estimate calculation for C. sativum essential oil
The LDso value was based on the comparative study of tbeyasfA. salinaand
the lethal dose (LE) value in mice, to determine acute oral toxicitytant extracts (Parra et



41

al., 2001). The published lsgand LDy, values of the extracts were correlated using the
Origin 7.0 statistical program to obtain the lineagression equation Y= 169.57 + 85.67X (R
= 0.86), where Y is the L{g value, X is the L& value and R is the correlation coefficient.

The LDs, figure was expressed in mg/Kg.

Fungal strains

A total of five strains oM. canisand five strains o€andidaspp. were included
in this study. BothM. canisand Candidaspp. strains were isolated from symptomatic dogs
and cats. The strains were stored in the fungalecdadn of the Specialized Medical
Mycology Center — CEMM (fFederal University of Ceara, 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< for 2-10 days.

Inoculum preparation for antifungal susceptibiligsts

For the agar-well difusion method, based on Faitenet al. (2007), stock
inocula were prepared on day 2 and day 10Gandidaspp. andM. canis respectively,
grown on potato dextrose agar (Difco, Detroit, US#)28 C. Potato dextrose agar was
added to the agar slant and the cultures wereygembbed to dislodge the conidia. The
suspensions with blastoconidia @andidaspp. or suspension of hyphal fragmentsivof
canis were transferred to a sterile tube and adjustedublyidimetry to obtain inocula of
approximately 1®cfu/mL blastoconidia o€andidaspp. and 10cfu/mL hyphal fragments or
conidia of M. canis. The optical densities of the suspensions were gp#utometrically
determined at 530 nm and then adjusted to 95%ritiasce.

For the broth microdilution method, standardizedcira (2.5 — 5 x 0cfu/mL for
Candidaspp. and 5 x T0cfu/mL for M. cani9 were also prepared by turbidimetry. Stock
inocula were prepared on day 2 and day 10 Gandida spp. andM. canis cultures,
respectively, grown on potato dextrose agar aC2&terile normal saline solution (0.9%;
3mL) was added to the agar slant and the culture wently swabbed to dislodge the
conidia from the hyphal mat for thd. canis(Brilhante et al., 2005) and the blastoconidia
from Candidaspp. (Brito et al., 2007). The suspensions of dianwith hyphal fragments of
M. canisand blastoconidia suspension@dndidaspp. were transferred to a sterile tubes, and
the volume of both suspensions adjusted to 4 mhb aftérile saline solution. The resulting
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suspension were allowed to settle for 5 min &2&nd their density was read at 530nm and
the adjusted to 95% transmittance. The suspensiens diluted to 1:2000 fo€andidaspp.
and 1:500 foM. canis,both with RPMI 1640 medium (Roswell Park Memoriattitute —
1640) with L-glutamine, without sodium bicarboné&Bgma Chemical Co., St. Louis, Mo.),
buffered to pH 7.0 with 0.165M morpholinepropanésut acid (MOPS) (Sigma Chemical
Co., St. Louis, Mo.), to obtain the inoculum siZeapproximately 2.5 — 5 x £0 cfu/ml for

Candidaspp. and 5 x T0cfu/mL for M. canis.

Agar-well diffusion susceptibility test

The antifungal activity of essential oil fro@. sativumwas evaluated against
Candidaspp. (n=4)and M. canis (n=4), by the agar-well diffusion method accorditog
Fontenelle et al. (2007). Petri dishes with 15 ¢cameter were prepared with potato dextrose
agar (Difco, Detroit, USA). The wells (6 mm in diatar) were then cut from the agar and
100 pL of essential oil was delivered into theme il was weighed and dissolved in DMSO
to obtain the test concentration of 100@§ mL™*. Stock solutions of griseofulvin (1000 pg
mL™; Sigma Chemical Co., St. Louis, USA) and amphoieB (5 pg mL*; Sigma Chemical
Co., USA) were prepared in distilled water andeesas positive controls fovl. canisand
Candidaspp., respectively. Each fungal suspension wasulated on to the surface of the
agar. After incubation, for 3-5 days f@andidaspp. and 5-8 days fdvl. canis,at 28 C, all
dishes were examined for zones of growth inhibitowl the diameters of these zones were

measured in millimeters. Each experiment was repleat least twice.

Broth microdilution method

The minimum inhibitory concentration (MIC) f@@andidaspp. was determined
by the broth microdilution method, in accordancéhvihe Clinical and Laboratory Standards
Institute — CLSI (formerly NCCLS; M27-A2), (NCCL2002). The broth microdilution assay
for M. caniswas performed as described by Brilhante et al0%20based on the M38-A
document (CLSI; formerly NCCLS, 2002). The miniméungicidal concentration (MFC) for
both Candida spp. andM. canis were determined according Fontenelle et al. (2007)
addition, C. parapsilosifATCC 22019) andC. albicans(ATCC 1023) strains were used as
guality controls for broth microdilution method.

The essential oil of. sativumwas prepared in DMSO. Amphotericin B (AMB)
(Sigma, Chemical Co., USA) and griseofulvine (SigBteemical Co., St. Louis, USA) were
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prepared in distilled water. For the susceptibibtyalysis, the essential oils were tested in
concentrations ranging from 4 to 5000 pg L

The microdilution assay was performed in 96-weitnodilution plates. Growth
and sterile control wells were included for eadiate tested. The microplates were incubated
at 37 C and read visually after 2 days foandidaspp. and 5 days favl. canis The assays
for all essential oils were run in duplicate anpe&ted at least twice. The MIC was defined as
the lowest oil concentration that caused 100% itbib of visible fungal growth. The results
were read visually as recommended by CLSI. The M&S determined by subculturing 100
puL of solution from wells without turbidity, on peatb dextrose, at 28 C. The MFCs were
determined as the lowest concentration resultingargrowth on the subculture after 2 days

for Candidaspp. and 5 days fod. canis

Statistical analysis

Antifungal activity was expressed as mean + SDhhefdiameter of the growth
inhibition zones (mm). The antifungal activity dfet essential oils was analyzed by linear
correlation for individual analysis and the twoledi Student’'s t-test at 95% confidence
intervals was used to evaluate differences betvileeressential oil and the controls. For the
brine shrimp lethality bioassay, the 4§and the LG, values were estimated using the Origin

7.0 statistical program.

Results

The chemical analysis of th€. sativumis shown in Table 1. The main
constituents of the essential oil Gf sativumwere linalool (58.65%), geraniol (17.87%) and
neryl acetate (12.22%). The brine shrimp lethakst of the essential oil showed anspGf
23 nug mL*, being considered bioactive, and the estimated,Ldbtained by the linear
regression was 2139.98 mg/kg.

The essential oil fronC. sativumfruits was effective against all tested fungal
strains in the agar-well diffusion susceptibilipsts (Table 2). The oil induced a significant
growth inhibition zone (28 + 5.42mm) at a conceitraof 10000pg mL™* againstM. canis
strains (n = 4). Fo€andidastrains (n = 4), the growth inhibition zone inddd® the oil was
9.25 + 0.5mm, at a concentration of 10009 mL™*. The positive control, griseofulvine,
induced a significant growth inhibition zone (55.253.69mm) againsiM. canis and
amphotericin B induced a significant growth inhidit zone (10.25 + 1.26mm) against
Candidaspp.
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The broth microdilution method showed that the BIiGr M. canisstrains (n=5)
ranged from 78 to 62Ag mL* and the MFCs ranged from 150 to 135 mL". The MICs
for Candidaspp. strains (n=5) ranged from 310 to §2PmL™" and the MFCs ranged from
620 to 125Qug mL* (Table 3).

Discussion

Many essential oils have been advocated for usmmmplementary medicine for
bacterial and fungal infections (Hammer et al., 8)9%®revious studies have investigated the
activity of the essential oils against dermatopfyend yeasts (Hammer et al., 1998;
Fontenelle et al., 2007; Matasyoh et al., 2008)oun ongoing search for new antimicrobial
agents, the essential oil 6f sativumwas tested against animal fungal strains and mextiu
good results.

The antifungal activity of the essential 0il©f sativumfruits may be attributed to
its main constituent, linalool (58.22%) and geran[®7.87%). Previous studies of the
chemical composition o€. sativumfruit essential oil carried out by Pino et al. 969 and
Burt (2004) reported a linalool concentration ofS5#6 and 70%, respectively. Antimicrobial
activity of linalool against several bacteria anddi has also been reported (Pattnaik et al.,
1997; Peana et al.,, 1999; Delaquis et al, 2002xm2n and Deans (2000) tested the
antimicrobial activity of some essential oils afgkit main chemical constituents. Among
them, linalool and geraniol were individually effiee against 23 different bacterial strains.

Linalool and linalyl acetate are monoterpenoid poomds that are common in
many essential oils of several aromatic specieswufber of linalool and linalyl acetate
producing species are used in traditional medicayatems to relieve symptoms and cure a
variety of ailments, both acute and chronic (PearmhMoretti, 2002).

The essential oil from leaves Gf sativumshowed antimicrobial activity against
Gram positive $taphylococcus aureusBacillus spp.) and Gram negative bacteria
(Escherichia coli, Salmonella typhi, Klebsiella preania, Proteusmirabilis) and a
pathogenic fungusQandida albicany and the main constituents revealed by chemical
analysis were 2E-decenal (15.9%), decanal (14.2%)lecen-1-ol (14.2%) and n-decanol
(13.6%) (Matasyoh et al., 2008). According to thagthors, the MIC again&l albicanswas
163 mg/mL and the oil from fruits in this study w4 pg mL*. The essential oil from fruits
of C. sativumexhibits a higher antifungal activity agai@indidaspp.

In veterinary practice, dermatophytoses are antbegmost common infectious

skin diseases in mammals worldwide. They are fretip®bserved in domestic animals, but
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also in captive and wild fauna (Chermette et &Q08). Based on the results of this study, the
essential oil obtained from fruits @f. sativumcould be an alternative natural source to treat
animal dermatophytoses.

In the evaluation of plant extract toxicity by tbene shrimp bioassay, an k£
value lower than 100Qg/mL is considered bioactive (Meyer et al., 1988)this study, the
essential oil fromC. sativumfruits showed an L§ value of 23ug/mL. This result
corroborates the antifungal properties of theRultra et al. (2001) assessed the effect of acute
treatment of A. salinalarvae and mice with several extracts drawn frateoehthonous plants
in Cuba. The aim of their study was to develop \&a-t@st method applicable to countries
where the use of medicines obtained from vegetsideies is common and is an affordable
way to fight diseases. They calculatedsg.&@alues forA. salinalarvae and Lk, values for
mice and established significant correlations betwieoth parameters, suggesting the use of
A. salinalarvae as a suitable, accurate and inexpensigenative to pre-screening chemical
toxicity with mammals (Nunes et al., 2006). Theireated LDy in mice for C. sativum
essential oil was 2139.98 mg/kg and this valuecaigis a low toxicity in accordance with
Hedge and Sterner (1949).

Although the essential oil . sativumwas shown to present low toxicity by
theoretical calculation, with good antifungal aityivin vitro, it is necessary to evaluate the
acute toxicological effects and antifungal efficacyivo in order to be considered for a safe

and effective antifungal agent.
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Table 1— Chemical composition of the essential oil fr@msativum

K.I.*  Components Composition (%**)

1098 Linalool 58.22
1144  Camphor 2.15
1168 Borneol 1.19
1203 n-Decanal 2.53
1247  Geraniol 17.87
1258 2E-Decenal 1.32
1373  Neryl acetate 12.22
1405 Dodecanal 2.35
1462 2E-Dodecenal 0.95

* Retention index. The identified constituents ksted in their order of elution from a nonpolatwon.

**The % composition is the % peak area of the tetdential oil composition.
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Table 2 Antifungal activity of the essential oil fro@. sativumagainstMicrosporum canis

andCandidaspp. in the agar-well diffusion assay.

Growth inhibition zones (mm)

Strains C. sativumessential oil  Griseofulvine ~ Amphotericin B
(ug mL™) (ug mL™) (ug mL™)
10000 1000 5
M. canis
CEMM 01-5-190 30 60 -
CEMM 01-4-104 20 55 -
CEMM 01-3-188 32 55 -
CEMM 01-3-186 30 51 -
(mean £SD) (28 £ 5.42) (55.25 + 3.69) -
Candidaspp.
CEMM 01-3-077 9 - 12
CEMM 01-3-069 9 - 10
CEMM 01-2-078 10 - 10
CEMM 01-2-081 9 - 09
(mean £SD) (9.25 £ 0.5) - (10.25 + 1.26)

Each experiment was performed in duplicate
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Table 3 — Minimum inhibitory and fungicidal concentratiormd C. sativumessential oil

againstM. canisandCandidaspp.

C. sativumessential oil

Strains MIC MFC
(ug mL™) (ug mL™)
M. canis
CEMM 01-5-190 78 150
CEMM 01-4-104 310 620
CEMM 01-3-188 620 1250
CEMM 01-3-186 620 1250
CEMM 01-3-165 620 1250
(Geometric mean) 449.6 904
Candidaspp.
CEMM 01-3-077 620 1250
CEMM 01-3-069 310 620
CEMM 01-2-078 310 620
CEMM 01-2-081 620 1250
CEMM 01-3-068 310 620
(Geometric mean) 434 872

MIC: Minimum inhibitory concentration expresseduig mL”;
MFC: Minimum fungicidal concentration expresseqiqnmL™:;

CEMM: Specialized Medical Mycology Center. Each eximent was repeated at least twice.

Broth microdilution method
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Resumo

Objetivos: Encontrar novas plantas com potencial antifangiom aitilidade em medicina

veterinaria.

Métodos e ResultadosOs produtos naturais obtidos de plantas comumentenénactas no
Nordeste brasileiro foram avaliados contra cepasvidgosporum canise Candida spp.
isoladas de cées sintomatic@3s extratos etanolicos dealotropis procera Momordica
charantia Peschiera affini® Piper tuberculatumo liquido da castanha de caju (LCC) e seus
constituintes (4cido anacardico, cardol e cardaobtjddos deAnacardium occidentalee a
fracdo acetato de etila do decocto Mangifera indicaforam inicialmente avaliados pelo
método de difusdo em ag@restes extratos, cinco induziram halo de inibigittaM. canis

P. tuberculatum(20 mm),M. indica (14 mm),M. charantia(13 mm),P. affinis(11 mm) e
cardol (10 mm); entretanto, nenhum deles induzilo ke inibicdo significativo contra
Candida spp. As substancias significativamente ativas nfioraubmetidas ao teste de
microdiluicdo em caldo contra cepas Me canis(n=5), a fim de encontrar a concentracéo
inibitéria minima (CIM) e a concentracdo fungicisdnima (CFM). As medias geométricas
dos valores da CIM foram 0.59, 0.37, 0.35, 0.17nnhg/e dos valores da CFM foramh 19,
0.75, 0.7, 0.34 mg/mL, par®. charantig P. affinis P. tuberculatumand M. indica

respectivamente.

Conclusdes:Os extratos obtidos dd. charantig P. affinis P. tuberculaturme M. indicaséao
ativosin vitro contraM. canis,demonstrando boa atividade antifangica.

Significado e impacto deste estudoA vegetacdo do Nordeste brasileiro pode ser fdaete

agentes antifingicos Uteis para a medicina vetgina

Palvras-chave:Microsporum canisCandidaspp.,Mangifera indica Momordica charantia

Piper tuberculatumPeschiera affinisProdutos Naturais, Antifangicos.
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Abstract

Aims: To find new plants with antifungal potential in @ghary medicine.

Methods and Results: The natural products obtained from plants commoundo in
Brazilian’s northeastern were evaluated agditistosporum canisand Candidaspp. strains
isolated from symptomatic dogs. The ethanolic exsraf Calotropis procera Momordica
charantig Peschiera affiniandPiper tuberculatumthe cashew nut shell liquid (CNSL) and
constituents (anacardic acid, cardol and cardatigined fromAnacardium occidentajend
the ethyl acetate fraction of decoctMangifera indicawere initially evaluated by the agar-
well diffusion method. These, five induced growtthibition zone againsM. canis P.
tuberculatum(20 mm), M. indica (14 mm),M. charantia(13 mm),P. affinis (11 mm) and
cardol (10 mm); and none of then induced signifigrowth inhibition zone again§tandida
spp. The significant active substances were subditt the broth microdilution method for
M. canisstrains (n=5), to find the minimum inhibitory camtration (MIC) and the minimum
fungicidal concentration (MFC). The geometric meéorsthe MICs values were 0.59, 0.37,
0.35, 0.17 mg/mL, and for the MFCs value were 1095, 0.7, 0.34 mg/mL, foM.
charantiag P. affinis P. tuberculatumandM. indica respectively.

Conclusions: M. charantia P. affinis P. tuberculatumand M. indica are activein vitro

againstM. canis,demonstrating good antifungal activity.

Significance and impact of this study:The Brazilian Northeastewegetation can be source

of antifungal agents for veterinary medicine.

Keywords: Microsporum canis Candida spp., Mangifera indica Momordica charantia

Piper tuberculatumPeschiera affinisNatural Products, Antifungal.
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Introduction

Many plants from Brazilian biomes, such as thetiGga, the Cerrado (savannah),
the Atlantic and the Amazon rain-forests, have basad as natural medicines by local
populations in the treatment of tropical diseasexluding leishmaniasis, malaria,
schistosomiasis, fungal and bacterial infectionsvés et al., 2000; Duarte et al., 2005;
Fontenelle et al., 2007;2008). Moreover, many exgiants were introduced in Brazil
following colonization, and have been incorporaitetd folk medicine (Duarte et al., 2005).
Plant extracts and essential oils isolated frormtgldhave been shown to exert biological
activity in vitro andin vivo, which justified research on traditional mediciioeused on the
characterization of antimicrobial activity of thgdants (Martinez et al., 1996; Runyoro et al.,
2006).

Though effective antimicrobials have been devealopeer the years, there has
been increased development of antimicrobial drugistance to presently available
antimicrobials (Chopra, 2007). The indiscriminate wf antibiotics also contributes to the
worsening of this picture, leading the installatiohfungal infections. On this basis, it is
necessary to have antifungal available for thecieffit control of fungal infections (Martinez-
Rossi et al., 2008).

In veterinary practice, dermatophytoses are ambegntost common infectious
skin diseases in mammals worldwide. They are fretipy®bserved in domestic animals, but
also in captive and wild fauna. Few antifungal dgeare available and licensed for use in
veterinary practice, and the use of systemic drsdmgnited in livestock due to problems of
residues in products intended for the human conomg@Chermette et al, 2008). Yeast of
the generaCandida can be found as commensal microorganisms in asimaad are
considered one of the most important species iervetry medicine. Strains @andidaspp.
isolated from dogs showed high resistance to aaatidungal agents (Brito et al., 2007). The
aim of this study was to screen plants commonlynédbwn Northeast of Brazil against
Microsporum canisand Candidaspp. strains isolated from symptomatic dogs tad firew

antifungal agents.

Materials and Methods

Plant material
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Table 1 shows the names of plants, collection gdged plant part and extract type
used in this study. The plant material was driedoaim temperature for seven days, and
powdered using a knife mill. The powdered matewals extracted using 98% ethanol as
solvent at room temperature for seven days. The&stwere then filtered and concentrated
under vacuum in rotary evaporator. The decoct tegddtom the extraction of the essential oil
was extracted with ethyl acetate and after soledintination ethyl acetate extract obtained.
The cashew nut shell liquid (CNSL) and its constitis anacardic acid, cardol and cardanol
were obtained according to Paramashivappa et @1{2from selected cashew nuts. All the
natural products were kept in tightly stopperedtlban a freezer until used for biological

tests.

Fungal strains

A total of five strains oM. canisand five strains o€andidaspp. were included
in this study. BothM. canisand Candidaspp. strains were isolated from symptomatic dogs
and cats. The strains were stored in the fungalecadn of the Specialized Medical
Mycology Center — CEMM (fFederal University of Ceara, Brazil), where they were
maintained in saline (0.9% NacCl), at 28T. 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.

Inoculum preparation for antifungal susceptibiligsts

For the agar-well difusion method, based on Faitenet al. (2007), stock
inocula were prepared on day 2 and day 10Qandidaspp. andM. canis respectively,
grown on potato dextrose agar (Difco, Detroit, US#)28 C. Potato dextrose agar was
added to the agar slant and the cultures wereygenihbbed to dislodge the conidia. The
suspensions with blastoconidia Gandidaspp. or suspension of hyphal fragmentsivof
canis were transferred to a sterile tube and adjustedublyidimetry to obtain inocula of
approximately 1®cfu/mL blastoconidia o€andidaspp. and 10cfu/mL hyphal fragments or
conidia of M. canis. The optical densities of the suspensions were gp#utometrically
determined at 530 nm and then adjusted to 95%rtrittiagice.

For the broth microdilution method, standardizedcula (2.5 — 5 x Tcfu/mL
for Candidaspp. and 5 x 2cfu/mL for M. cani were also prepared by turbidimetry. Stock

inocula were prepared on day 2 and day 10 Gandida spp. andM. canis cultures,
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respectively, grown on potato dextrose agar aC2&terile normal saline solution (0.9%;
3mL) was added to the agar slant and the culture wently swabbed to dislodge the
conidia from the hyphal mat for thd. canis(Brilhante et al., 2005) and the blastoconidia
from Candidaspp. (Brito et al., 2007). The suspensions of dianwith hyphal fragments of
M. canisand blastoconidia suspension@dndidaspp. were transferred to a sterile tubes, and
the volume of both suspensions adjusted to 4 mh wiérile saline solution. The resulting
suspension were allowed to settle for 5 min &2&nd their density was read at 530nm and
the adjusted to 95% transmittance. The suspensiens diluted to 1:2000 fo€andidaspp.
and 1:500 foM. canis,both with RPMI 1640 medium (Roswell Park Memoriattitute —
1640) with L-glutamine, without sodium bicarboné&Bgma Chemical Co., St. Louis, Mo.),
buffered to pH 7.0 with 0.165M morpholinepropanésuit acid (MOPS) (Sigma Chemical
Co., St. Louis, Mo.), to obtain the inoculum sifeapproximately 2.5 — 5 x 20 cfu/ml for
Candidaspp. and 5 x T0cfu/mL for M. canis.

Agar-well diffusion susceptibility test

The antifungal of plants extracts were evaluatgairestCandidaspp. (n=4)and
M. canis(n=4), by the agar-well diffusion method according-ontenelle et al. (2007). Petri
dishes with 15 cm diameter were prepared with pataixtrose agar (Difco, Detroit, USA).
The wells (6 mm in diameter) were then cut from élgar and 100 puL of essential oil was
delivered into them. The extracts were weighed @isdolved in DMSO to obtain the test
concentration of 1000Qug mL*. Stock solutions of griseofulvin (1000 pg hLSigma
Chemical Co., St. Louis, USA) and amphotericin BugsmL™*; Sigma Chemical Co., USA)
were prepared in distilled water and tested agigesiontrols forM. canisandCandidaspp.,
respectively. Each fungal suspension was inoculatedo the surface of the agar. After
incubation, for 3-5 days fa€andidaspp. and 5-8 days fdd. canis,at 28 C, all dishes were
examined for zones of growth inhibition and thenuiers of these zones were measured in

millimeters. Each experiment was repeated at lgase.

Broth microdilution method

The minimum inhibitory concentration (MIC) f@@andidaspp. was determined
by the broth microdilution method, in accordancéhvihe Clinical and Laboratory Standards
Institute — CLSI (formerly NCCLS; M27-A2), (NCCL2002). The broth microdilution assay
for M. caniswas performed as described by Brilhante et al0%20based on the M38-A
document (CLSI; formerly NCCLS, 2002). The miniméungicidal concentration (MFC) for
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both Candida spp. andM. canis were determined according Fontenelle et al. (2007)
addition, C. parapsilosiSATCC 22019) andC. albicans(ATCC 1023) strains were used as
quality controls for broth microdilution method.

The plant extracts (10 mg) were diluted in DMSON(L). Amphotericin B
(AMB) (Sigma, Chemical Co., USA) and griseofulvii®igma Chemical Co., St. Louis,
USA) were prepared in distilled water. For the spsibility analysis, the essential oils were
tested in concentrations ranging from 4 to 5000nLg
Statistical analysis

Antifungal activity was expressed as mean + Shhefdiameter of the growth
inhibition zones (mm). The antifungal activity dfet essential oils was analyzed by linear
correlation for individual analysis and the twolgdi Student’s t-test at 95% confidence

intervals was used to evaluate differences betwmeressential oil and the controls.

Results and discussion

The antifungal activity of natural products obtalfeom common plants found in
Brazilian’s northeast was initially tested by thgaawell diffusion assay, at the 10 mg/mL
concentration, against 4 strains Mf canis and Candida spp. isolated from symptomatic
dogs. Of nine tested substances, five induced gromibition zone againdtl. canis but
none of then induced significant growth inhibitimane againsCandidaspp. These results
are shown in Table 2. The ethanolic extractPoftuberculatum(20 mm) was the most
effective againsM. canis followed byM. indica (14 mm),M. charantia(13 mm),P. affinis
(112 mm) and cardol (10 mm), the latter consideretl significant. The positive control,
griseofulvine, induced a significant growth inhibit zone (55.25 + 3.69mm) agaimét canis
and amphotericin B induced a significant growthiliion zone (10.25 + 1.26mm) against
Candidaspp.

Based on this initially screen, the active substanwere submitted to the broth
microdilution method (Table 3) just fdd. canisstrains (n=5). For th®l. charantiaextract,
the MIC ranged from 0.15 to 1.25 mg/mL, and the M&@ged from 0.31 to 2.5 mg/mL; for
the P. affinisextract, the MIC ranged from 0.31 to 0.62 mg/mLd @ne MFC ranged from
0.62 to 1.25 mg/mL; for th®. tuberculatumextract, the MIC ranged from 0.039 to 0.62
mg/mL, and the MFC ranged from 0.078 to 1.25 mg/enhd forM. indica the MIC ranged
from 0.078 to 0.31 mg/mL, and the MFC ranged fraftb@o 0.62 mg/mL.

P. tuberculatunshows the lowest MIC (0.039 mg/mL) and MFC (0.07§/mL)
values, but according to geometric means, the extBM. indica was the most effective,
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showing the lowest values for MIC (0.17mg/mL) andr@®/(0.34mg/mL), followed byp.
tuberculatumP. affinise M. charantia(Table 3)

Several Piper species have been used in traditional medicindgréaat many
diseases, including gynaecological maladies, vagjnintestinal disorders, psychotropic,
antimicrobial, antioxidant and cytotoxic effects4M et al., 1998; Moreira et al., 1998).The
chemical studies carried out on Brazilian Piperacgzecies have revealed the occurrence of
pyrones, lignoids and chromenes besides varioudemmwiitch showed potent insecticide and
antifungal properties. The essential oils from &sgwstems and fruits &f. tuberculatumpP.
aduncumand P. arboreumwere active againsCladosporium sphaerospermuand C.
cladosporioidegDebonsi et al., 2006). The ethanolic extracPotuberculatunshows good
activity againsM. canisstrains, corroborating that this plant have antifal properties.

M. indica (Anacardiaceak grows in the tropical and subtropical region aisd
parts are commonly used in folk medicine for a wdeety of remedies (Coe and Anderson,
1996). VIMANG?® is an anti-inflammatory produced in Cuba friMnindicacompounds, and
this property is mainly associated to a metabalis® found in mango leaves, mangiferin, the
predominant component of aqueous extract (Garridal.e 2004). Mangiferin, traditionally
used by native inhabitants of Bolivia, Southern &ai, the Antilles, Colombia, the
Philippines and India in the treatment of a numifediseases, has subsequently been proved
to have a varied pharmacological activity, suchaasiviral and antitumor, spasmolytic,
antioxidant, antidiabetic, immunostimulating. amtifal and antibacterial activity (Stoilova et
al., 2005). The decoct ®f. indicadidn’t shows antifungal activity againSandida albicans
Cryptococcus neoformarend Trichophyton rubrum(Schormoulo et al., 2005), but in this
study, the ethyl acetate fraction of decoct shoadgactivity against five strains M. canis.

M. charantia (Cucurbitaceag commonly know as balsam pear, bitter gourd or
karela, is used in several purposes in traditiomadlicine is an important medicinal plant. The
fruits, leaves and roots of this plant have beerdwss laxative and anthelmintic, and studies
show an hypoglycemic potential in normal and diebetts (Begum et al., 1996; El Batran et
al., 2006). Schormoulo et al. (2005) report a papuke for scabies, and the aqueous extracts
was effective againgt. albicansandC. neoformans in vitroshowing 150 and 180 ng/mL
MICs values. In this study, the ethanolic extrattMd charantiadidn’t show significant
activity against four stains @andidaspp.

In veterinary practice, dermatophytoses are antbegmost common infectious
skin diseases in mammals worldwide. They are fretip®bserved in domestic animals, but

also in captive and wild fauna (Chermette et &Q08). Based on the results of this study, the
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natural products obtained from plants found in Biaz's northeastern could be an alternative

natural source to treat animal dermatophytoses.
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Table 1 -Plant extracts used in the study

Scientific name Place of collection Part used Kindf extract
Calotropis proceraR.Br. Itapery Campus of State Leaves Ethanolic
University of Ceara
Momordica charantid.. Pici Campus of Federal Leaves, Ethanolic
University of Ceara fruits,
flowers, stalk
Peschiera affinis Pici Campus of Federal Leaves Ethanolic
(Mull.Arg.) Miers University of Ceara
Piper tuberculatundacq. Pici Campus of Federal Leaves Ethanolic

University of Ceara

Anacardium occidentale. Embrapa — Experimental Cashew nut  Cashew nut shell
farm liquid

Mangifera indical. Messejana county of Leaves Ethyl acetate
Fortaleza city - Ceara fraction of decoct
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Table 2 - Antifungal activity of the plant extracts and friaos againstMicrosporum canis
andCandidaspp. in the agar-well diffusion assay.

Extracts and Test Growth inhibition zones (mm)
fractions concentration (mean = SD):

(mg/mL) M. canis Candidaspp.
C. procera 10 NI NI
M. charantia 10 13 NI
P. affinis 10 11 NI
P. tuberculatum 10 20 11
CNSL 10 NI NI
Anacardic acid 10 NI NI
Cardol 10 10 NI
Cardanol 10 NI NI
M. indica 10 14 NI
*Griseofulvine 1 (55.25 + 3.69) -
*Amphotericin B 0.005 - (10.25 £ 1.26)

Each experiment was performed in duplicate
(NI): No inhibitory activity

(-): Not tested

(*): Control group
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Table 3 —Minimum inhibitory and fungicidal concentration$ plant extracts againgtl.

canisstrains.

Strains Plant extracts
M. charantia P. affinis P. tuberculatum M. indica
MIC MFC MIC MFC MIC MFC MIC MFC
M. canis
CEMM 01-5-190 0.15 0.31 031 0.62 0.039 0.078 0.078 0.15
CEMM 01-4-104 0.31 0.62 0.31 0.62 0.15 0.31 0.078 .150
CEMM 01-3-188 0.62 1.25 0.31 0.62 0.31 0.62 0.078 .150
CEMM 01-3-186 0.62 1.25 0.31 0.62 0.62 1.25 0.31 620.
CEMM 01-3-165 125 25 0.62 1.25 0.62 1.25 0.31 20.6
(Geometricmean) 059 1.19 0.37 0.75 0.35 0.7 0.170.34

MIC: Minimum inhibitory concentration expressedny/mL;
MFC: Minimum fungicidal concentration expressedrig/mL;
CEMM: Specialized Medical Mycology Center.

Each experiment was repeated at least twice.

Broth microdilution method
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Resumo

Objetivo: Encontrar novos agentes antifingicos.

Métodos e ResultadosOs 6leos essenciais obtidos das folhas de varisddelangifera
indica foram obtidos por hidro-destilagdo e analizados r peromatografia
gasosal/espectrometria de massas. A variedade Tdtkimg possui o —selineno (29.49%),

0 Oxido de cariofileno (12.40%) e o epoxido Il huemo (8.66%) como constituintes
majoritarios, enquanto os principais constituindes variedades Rosa, Moscatel e Jasmin
foram o oOxido de cariofilieno (23.62, 48.42 e 306/ 7respectivamente) e o epoxido |l
humulemo (11.56, 23.45, 16.27%, respectivamente).

A atividade antiCandidacontra cepas isoladas de cées foi avaliada pelodméle difusao
em 4gar, e a concentracdo inibitdria minima (CIM) dleterminada pelo método de
microdiluicdo em caldo. Os halos de inibicdo fordenll + 0.71, 13.5 £ 3.54, 10.5 + 0.71 e
13.5 £ 0.71mm para as variedades Tommy Atkins, Rdeacatel e Jasmim respectivamente.
Para Tommy Atkins a CIM variou de 0.62 a 1.25 mg/ijpdra a Rosa, variou de 0.31 a 1.25
mg/mL; para a Jasmim, variou de 0.31 a 0.62 mgknhara a Moscatel, o valor da CIM foi

0 mesmo para todas as cepadadidaspp..
Conclusbes: Os Oleos essenciais dd. indica sdo ativosin vitro contra Candida spp.,

demonstrando boa atividade antifungica.

Significancia e impacto desse estud@®s 0Oleos essenciais d& indica podem ser fontes

Uteis de compostos antifingicos para a medicinerinétria.

Palavras-chave:Mangifera indica Oleos Essenciaiandidaspp., —Selineno, Oxido de

Cariofileno, Epoxido Il Humuleno.
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Abstract

Aims: To find new antifungal agents.

Methods and Results:The essential oils from leaves Mfangifera indicavarieties obtained
by hydro-distillation were analyzed by gas chrorgephy/mass spectroscopy. Tommy
Atkins variety has —selinene (29.49%), caryophyllene oxide (12.40%) aamulene I
epoxide (8.66%) as main constituents, while thennm@nstituents of Rosa, Moscatel and
Jasmin varieties are caryophyllene oxide (23.62428nd 30.77%, respectively) and
humulene Il epoxide (11.56, 23.45, 16.27%, respelgi. The antiCandida activity was
evaluated against strains isolated from dogs by apar-well diffusion method and the
minimum inhibitory concentration (MIC) by the brothicrodilution method. The means of
inhibition zones were 11 + 0.71, 13.5 £ 3.54, 16.6.71 and 13.5 £ 0.71mm to Tommy
Atkins, Rosa, Moscatel and Jasmim varieties, rdgmdg. For Tommy Atkins, the MIC
ranged from 0.62 to 1.25 mg/mL; for Rosa, rangeunfi0.31 to 1.25 mg/mL; for Jasmim
ranged from 0.31 to 0.62 mg/mL; and for Moscathe MIC value was the same for all

strains ofCandidaspp..

Conclusions: M. indica essential oilsre activen vitro againstCandidaspp. demonstrating

good antifungal activity.

Significance and impact of this study:M. indica essential oils can be a useful source of

antifungal compounds for veterinary medicine.

Keywords: Mangifera indica Essential oilCandidaspp., —Selinene, Caryophyllene Oxide

Humulene Il epoxide.
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Introduction

Medicinal plants have been used in developing camsas alternative treatments
to health problems (Duarte et al., 2005). Many pkxiracts and essential oils isolated from
plants have been shown to exert biological actiuityvitro andin vivo, which justified
research on traditional medicine focused on theadberization of antimicrobial activity of
these plants (Martinez et al., 1996; Duarte et28l05; Runyoro et al., 2006; Fontenelle et al.,
2007; 2008).

Fungal infections, especially those caused by dwphytes andCandidaspp.,
are very common in humans and animals. Yeast ofgdreraCandidacan be found as
commensal microorganisms in animals and are coreidene of the most important species
in veterinary medicine. Strains @fandidaspp. isolated from dogs showed high resistance to
azole antifungal agents (Brito et al., 200Zandida albicangs an opportunistic pathogen that
can cause local and systemic infections in predispopersons, commonly affecting
immunologically compromised patients and those tgalag prolonged antibiotic treatment
(Zhang et al., 2002). Among the different HIV-asated fungal infections, oral mucosal
lesions caused b@andidaspecies are far the most frequent manifestatiozqvez, 1999).

Although effective antimicrobials have been depebb over the years, there has
been increased development of antimicrobial drugistance to currently available
antimicrobials (Chopra, 2007). Many essential aigl plant extracts used in therapy have
many advantages over antibiotics, although therate more effective (Fontenelle et al,
2007).Mangifera indica(Anacardiaceaggrows in the tropical and subtropical region &#sd
parts are commonly used in folk medicine for a wdeety of remedies (Coe and Anderson,
1996). It is a rich source of antioxidants, andists show antitumor, antibacterial, antiviral
activities of their extracts and essential oilsi{§et al., 2004; Ribeiro et al., 2008).

In the present study, essential oils from lea¥dsur varieties oM. indicafound
in Brazil were screened for antimicrobial activagainstCandidaspp. strains isolated from
symptomatic dogs. Their chemical compositions wepharacterized by gas

chromatography/mass spectral in order to identi&rtmajor compounds.

Materials and Methods
Plant material and extraction of essential oils

The leaves of four mango cultivars produced in $tate of Ceara (33'46”
latitude S, 4105'42”longitude W), in thenortheast of Brazil, were used in this study.

The leaves of varieties Tomy Atkins, Rosa, Moscatel and Jasmin were colected in
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Fortaleza city. The mango essential oils were extracted from leaves by the steam
distillation method in a Clevenger type apparatus, as described by Craveiro et al.
(1976). All the essential oils were kept in tightly stopperbottle in a freezer until used for
biological tests.

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

The chemical analysis of the essential oils ctuestits were performed on a
Shimadzu QP-2010 instrument employing the followiognditions: column: DB-5ms
(Agilent, part No. 122-5532) coated fused silicpitary column (30m x 0.25mm x 0.25um);
carrier gas: He (ImL/min, in constant linear vetpenode); injector temperature was 250°C,
in split mode (1:100), and the detector temperatvas 250°C. The column temperature
programming was 35 to 180°C at 4°C/min then 18@80°C at 17°C/min, and at 280°C for
10 min; mass spectra: electron impact 70 eV. Thecied sample volume was 1uL.
Compounds were indentified by their GC retentiones relative to know compounds and by
comparison of their mass spectra with those presetihe computer data bank (National
Institute for Standard Technology — NIST — 147, X@8npounds) and published spectra
(Stenhagen et al., 1974; Adams, 2001).

Fungal strains

A total of five strains ofCandidaspp. were included in this study. TRandida
spp. strains were isolated from symptomatic dogs @ats. The strains were stored in the
fungal collection of the Specialized Medical Myogjo Center — CEMM (Federal
University of Ceard, Brazil), where they were maintained in saline (0.9% NaCl), at
28C. 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
28T for 2-10 days.

Inoculum preparation for antifungal susceptibiligsts

For the agar-well difusion method, based on Faitenet al. (2007), stock
inocula was prepared on day 2, grown on potatordsatagar (Difco, Detroit, USA) at 2&.
Potato dextrose agar was added to the agar slanthancultures were gently swabbed to
dislodge the conidia. The suspension with blastitarof Candidaspp. was transferred to a

sterile tube and adjusted by turbidimetry to obtaincula of approximately fOcfu/mL
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blastoconidia The optical densities of the suspensions were gp#utometrically
determined at 530 nm and then adjusted to 95%rtristiagice.

For the broth microdilution method, standardizedcula (2.5 — 5 x Tocfu/mL
for Candidaspp.) were also prepared by turbidimetry. Stodcita was prepared on day 2,
grown on potato dextrose agar at@8Sterile normal saline solution (0.9%; 3mL) wdsled
to the agar slant and the culture was gently swétibedislodge the conidia from the
blastoconidia fromCandida spp. (Brito et al., 2007). The blastoconidia saspm was
transferred to a sterile tube, and the volume epsusion adjusted to 4 mL with sterile saline
solution. The resulting suspension was allowedettlesfor 5 min at 28C, and the density
was read at 530nm and the adjusted to 95% trarsroét The suspension was diluted to
1:2000 with RPMI 1640 medium (Roswell Park Memohmdtitute — 1640) with L-glutamine,
without sodium bicarbonate (Sigma Chemical Co.,L8tis, Mo.), buffered to pH 7.0 with
0.165M morpholinepropanesulfonic acid (MOPS) (Sig@temical Co., St. Louis, Mo.), to

obtain the inoculum size of approximately 2.5 — Bcfu/ml.

Agar-well diffusion susceptibility test

The antifungal activity of essential oils were lenaded againsCandidaspp. (n=2)
by the agar-well diffusion method according to femaile et al. (2007). Petri dishes with 15
cm diameter were prepared with potato dextrose @jéso, Detroit, USA). The wells (6 mm
in diameter) were then cut from the agar and 10®@fuessential oil was delivered into them.
The oils were weighed and dissolved in DMSO to iobtilae test concentrations of 10004
mL™. Stock solutions of amphotericin B (5 pg HLSigma Chemical Co., USA) was
prepared in distilled water and tested as positwatrol for Candida spp.. Each fungal
suspension was inoculated on to the surface ofafja. After incubation, for 3-5 days at
28 C, all dishes were examined for zones of growathibition and the diameters of these

zones were measured in millimeters. Each experinvastrepeated at least twice.

Broth microdilution method

The minimum inhibitory concentration (MIC) f@@andidaspp. was determined
by the broth microdilution method, in accordancéwthe Clinical and Laboratory Standards
Institute — CLSI (formerly NCCLS; M27-A2), (NCCL002). The minimum fungicidal
concentration (MFC) for botifCandida spp.were determined according Fontenelle et al.
(2007). In addition,C. parapsilosis(ATCC 22019) andC. albicans(ATCC 1023) strains
were used as quality controls for broth microddatmethod.
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The essential oils d¥l. indicavarieties werg@repared in DMSO. Amphotericin B
(AMB) (Sigma, Chemical Co., USA) was prepared istitled water. For the susceptibility
analysis, the essential oils were tested in conagons ranging from 4 to 5000 pg ML

The microdilution assay was performed in 96-weitnodilution plates. Growth
and sterile control wells were included for eadiate tested. The microplates were incubated
at 37 C and read visually after 2 days. The assayslf@saential oils were run in duplicate
and repeated at least twice. The MIC was definetth@dowest oil concentration that caused
100% inhibition of visible fungal growth. The resulvere read visually as recommended by
CLSI. The MFC was determined by subculturing 100 gfLsolution from wells without
turbidity, on potato dextrose, at 28 C. The MFCsewetermined as the lowest concentration

resulting in no growth on the subculture after 2da

Statistical analysis

Antifungal activity was expressed as mean + SDhhefdiameter of the growth
inhibition zones (mm). The antifungal activity dfet essential oils was analyzed by linear
correlation for individual analysis and the twoledi Student’'s t-test at 95% confidence

intervals was used to evaluate differences betwmeessential oil and the controls.

Results and discussion

The chemical analyses demonstrated that esserltiflom leaves of Tommy
Atkins variety has —selinene (29.49%), caryophyllene oxide (12.40%) aamulene I
epoxide (8.66%) as main constituents, while thenn@nstituents of Rosa, Moscatel and
Jasmin varieties are caryophyllene oxide (23.62428nd 30.77%, respectively) and
humulene 1l epoxide (11.56, 23.45, 16.27%, respelsti. The constituents italiceno epoxide,
espathulenol, caryophyllene oxide, humulene Il égm@and ciclocolorenone are commom to
the four essential oils. These results are showifabie 1.The M. indica essential oils are
composed basically of sesquiterpenoids, wichtamgenoids having a C15 skeleton (IUPAC,
1997).

Plant essential oils are a potentially useful sewf antimicrobial compounds. It
is often quite difficult to compare the results abed from different studies, because the
compositions of the essential oils can vary greddpending upon the geographical region,
the variety, the age of the plant, the method gfndr and the method of extraction the oill
(Fontenelle et al., 2007%everal previous studies have demonstrated theétgaii essential

oils isolated from plants again§tandida spp. (Hammer et al., 1998; Duarte et al. 2005;
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Fontenelle et al., 2007; 2008; Matasyoh et al.,.820Blowever, there is no specific study of
the antiCandidaactivity of essential oils from leaves bf. indica varieties. The antifungal
activity of the essential oils was initially testeg the agar-well diffusion assay, at the 10
mg/mL concentration, against 2 strainsgGandidaspp. isolated from symptomatic dogs. All
of then induced growth inhibition zone, these ressare shown in Table 2. The means
inhibition zones were 11 = 0.71, 13.5 £ 3.54, 16.6.71 and 13.5 £ 0.71mm to Tommy
Atkins, Rosa, Moscatel and Jasmim varieties, raspdyg. The positive control amphotericin
B induced a significant growth inhibition zone 05% 0.71mm.

Based on this initially screen, all of mango esis¢mils were submitted to the
broth microdilution method (Table 3) f@andidaspp. strains (n=5). For Tommy Atkins, the
MIC ranged from 0.62 to 1.25 mg/mL and the geometiean was 0.87 mg/mL; for Rosa,
ranged from 0.31 to 1.25 mg/mL and the geometriameas 0.68 mg/mL; for Jasmim
ranged from 0.31 to 0.62 mg/mL and the geometriameas 0.49 mg/mL; and for Moscatel,
the MIC value was the same for all strainsGafndidaspp.. The most effective variety was
Jasmim, following by Rosa, Tommy Atkins and Mostate

The constituentsa-pinene and 2-carene, found just in Jasmim variety, have
antibacterial against many bacterial strains regblly Dorman and Deans (2000). Tae
pinene is a compound dflentha arvensis/ar. piperita L. essential oil, and Duarte et al
(2005) shown a MIC value of 1.1 mg/mL agai@stalbicansfor this oil. These antimicrobial
compounds may have increased the antifungal act¥idasmim essential oil.

Probably there is a correlation between the amgél activity of the studied oils
and their main constituents. Corroborating this digpsis, previous studies have
demonstrated that the essential oils in which spatiol and caryophyllene oxide are the
main compounds have inhibitory activity on filamaug fungi species (Farag et al., 2004;
Wengiang et al., 2006). These compounds must hatwbitory activity againsiCandida
species too, because are abundant in all esseitgiaésted in this study.

In conclusion, the results of the present studjicaite that the essential oils
obtained from leaves dfl. indicavarieties found in Brazil showed antifungal acindétgainst
Candida spp strains. These results corroborate the impogtaof ethno pharmacological
surveys in the selection of plants for bioactivégreening. The results contribute to the
characterization of the anflandidaactivity of essential oils and plant extracts rafditional
medicinal plants from the Brazilian flora. Subsetfle bio-guided fractionation will be

conduced on plants showing potential dindidaactivity to identify the active compounds.
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Evaluations of the oils against other important hanand animal pathogens are also being

conduced.
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Table 1— Chemical composition of the essential oils fleaves oM. indicavarieties.

Constituent Composition (%*)
Tommy Rosa Moscatel Jasmin  K.[.**
Atkins
Monoterpenoids
a-Pinene - - - 3,13 939
2- -Carene - - - 3,31 1003
Piperitenone 1,41 - - 3,17 1307
Sesquiterpenoids

a-Copaene 3,43 - - - 1375
—Elemene 1,45 1,30 - - 1391
a-Gurjunene . 5,64 - 4,33 1401
Longifolene 3,52 - - - 1406
E-Caryophyllene - 5,40 - 4,58 1414
Aromadendrene 1,82 - - - 1437
a-Humulene . 4,95 2,68 4,74 1450
(allo)Aromadendrene 3,71 2,84 - - 1459
Drima-7,9(11)-diene 2,49 - - - 1469

—Selinene 29,49 - - 2,3 1483
Viridiflorene - 2,06 - 2,2 1485
Valencene 1,15 - - 1492
Transcycloisolongifolol-5-ol - 2,11 - - 1512
Silfiperfol-5-en-3-o0l-B - 3,64 - - 1529
Eremophila ketone 1,44 - - - 1534
Italiceno epoxide 7,81 2,56 4,42 3,32 1551

-Germacrene 1,02 - - 1,19 1562
Espathulenol 1,93 4,32 9,19 5,81 1577
Caryophyllene oxide 12,40 23,62 48,42 30,77 1583
Viridiflorol 1,77 - - - 1604
Humuleno Il epoxide 8,66 11,56 23,45 16,27 1610
Eudesmol-10-epi-gamma - - - 4,37 1624
Alloaromadendreno epoxido 2,85 - - - 1630
Xanthoirhizol 1,40 - - - 1748
Ciclocolorenone 7,26 5,91 4,55 2,68 1757
Aristolone 1,58 - - - 1761

Methylated fatty acid

Methyl linoleate - 3,04 2,26 - 2092
Total (Contet %) 96,59 78,99 94,27 92,17 -

* 06 peak area of the compounds in GC-FID chromatogy:
** Retention index. The identified constituents &ésted in their order of elution from a non-potariumn.

-: Components was not detected
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Table 2- Antifungal activity of the essential oils 8. indica varieties agains€andida spp.

in the agar-well diffusion assay

Strains Growth inhibition zones (mm)

Tommy Rosa Moscatel Jasmim Amphotericin B

Atkins

10 mg/mL 10 mg/mL 10 mg/mL 10 mg/mL 0.005 mg/mL

Candidaspg.
CEMM 01-2-078 10 16 10 13 10
CEMM 01-2-081 12 11 11 14 09
(mean £SD) (11£0.71) (13.5+£3.54) (10.5+0.7113.5+0.71) (9.5+£0.71)

Each experiment was performed in duplicate
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Table 3 - Minimum inhibitory concentrations of varietiet M. indica essential oils against
Candidaspp.

M. indica essential oils

Strains Tommy Atkins Rosa Moscatel Jasmim
MIC MIC MIC MIC
(mg/mL) (mg/mL) (mg/mL) (mg/mL)
Candidaspp.
CEMM 01-3-077 1.25 0.62 1.25 0.62
CEMM 01-3-069 1.25 0.62 1.25 0.62
CEMM 01-2-078 0.62 0.31 1.25 0.31
CEMM 01-2-081 0.62 1.25 1.25 0.31
CEMM 01-3-068 0.62 0.62 1.25 0.62
(Geometric mean) 0.87 0.68 1.25 0.49

MIC: Minimum inhibitory concentration expressedngy/mL;
CEMM: Specialized Medical Mycology Center. Each eximent was repeated at least twice.
Broth microdilution method
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9 CONCLUSOES GERAIS

- O os extratos etandlicos de tuberculatum, M. charantia P. Affing o decocto deM.
indica e 0 Oleo essencial obtidos dos frutosQlesativumapresentaram atividade vitro

contra cepas del. canis

- Os oleos essenciais @ sativume das folhas das variedadesMeindica apresentaram

atividade antifungican vitro contraCandidaspp.

- Os constituintes majoritarios do 6leo essence&lCd sativumforam o linalol, geraniol e
acetato de nerila, enquanto os dos 0leos essedeillsindicaforam of3-selineno e o 6xido
de cariofileno para a variedade Tommy Atkins, e xid@ de cariofileno e epodxido Il

humuleno para as variedades Rosa, Moscatel e Jasmim
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10 PERSPECTIVAS

Estudos adicionais com as planBstuberculatum, M. charantjd. Affing M.
indica e C. sativums&o necessarios para que se possa isolar seutsinted quimicos e
avalia-los quanto ao seu potencial antifangitovitro e in vivo, visto que extratos destas

plantas foram ativom vitro contraM. canise Candidaspp. isoladas de caes.
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