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RESUMO

O parasitismo por nematoéides gastrintestinais sgta um dos principais problemas para
a producdo de ovinos e caprinos. Plantas com atleidanti-helmintica vém sendo
pesquisadas como uma alternativa de controle dpatesitos. O objetivo deste trabalho
foi avaliar a atividade anti-helmintica dos Oleassenciais deEucalyptus citriodora
(OEEC) E. staigeriang OEES)e E. globulusfOEEG) sobre nematoides gastrintestinais de
pequenos ruminantes. Os Oleos foram avaliadoséstidas testes de eclosdo de ovos e de
desenvolvimento larvar sobidaemonchus contortusdentificacdo dos constituintes dos
Oleos essenciais foi realizada através da anakserdmatografia gasosa acoplada a
espectrometria de massa. OEEC e OEES foram sulmmetab testes de toxicidade aguda
e subaguda utilizando animais de laboratorio. Aiay@o da atividade anti-helmintiga
vivo do OEEC e OEES foi realizada inicialmente sobreagtos intestinais de
camundongos e posteriormente sobre nematoidesingestinais de caprinos. As
concentracdes efetivas sobre ovos e larvas forafel@,65 mg mi; 5,4 e 2,7 mg e
43,5 e 21,75 mg ril para OEEC, OEES e OEEG, respectivamente. A andliémica
revelou como principais componentes o citronel@lEEC, o limonemo no OEES e o
cineol no OEEG. No teste de toxicidade aguda a Qi@ o0 OEEC e OEES foi de 4153 e
4112,9 mg kg, respectivamente. Os testes de toxicidade subacpdaOEEC e OEES
ndo revelaram alteracdes que indicassem toxicidadgose de 500 mg Kgdos 6leos
OEEC e OEES tiveram eficacia de 69% e 86,3% nacidula carga parasitaria de
camundongos e de 58% e 59% na reducdo da eliminbc@&vos nas fezes de caprinos
infectados com nematoides gastrintestinais. Ossokssenciais d&. citriodora e E.
staigerianademonstraram efeito promissor sobre o controleeteatdides gastrintestinais
de caprinos.

Palavras-chave: Fitoterapia.vivo. In vitro. Toxicidade Haemonchus contortus



ABSTRACT
Gastrointestinal parasites represent one of then npaoblems for sheep and goat
production. Plants with anthelmintic activity areifg researched as one alternative of
control of these parasites. The objective of thmkmvas to evaluate the anthelmintic
activity of Eucalyptus citriodora ECEO),E. staigeriana(ESEQO) ancE. globulus(EgEO)
essentials oils on small ruminant gastrointestimanatodes. The oils were evaluated
through egg hatching and larval development inimbittest againstHaemonchus
contortus.Essential oils constituents’ identification wasfpemed by gas chromatography
coupled mass spectrometry. ECEO and ESEO were #ednlly acute and subacute
toxicity tests using laboratory animals. The assess ofin vivo anthelmintic activity of
EcEO and EsSEO was accomplished initially on mi¢estinal parasites and after on goat
gastrointestinal nematodes. The effective conceotrsion eggs and larvae were 10.6 and
2.65 mg mif'; 5.4 and 2.7 mg ritand 43.5 and 21.75 mg ™lto ECEO, ESEO and EgEO,
respectively. Chemical analysis revealed as mampoments the citronellal to ECEO,
limonene to ESEO and cineol to EgEO. DL50 of adatecity to ECEO and ESEO were
4153 and 4112.9 mg Ky respectively. No alterations were found in thbaswte toxicity
test with ECEO and ESEO that indicating toxicity dose of 500 mg KgECEO and ESEO,
the efficacy was 69% and 86.3% on reduction of rmwoem burden and efficacy of 58%
and 59% on reduction elimination eggs in fecal oftginfected by gastrointestinal
nematodes. The essentials oil€ofcitriodoraandE. staigerianashowed effect on control
of gastrointestinal nematodes goat

Keywords: Phytotherapyn vivo. In vitro. Toxicity. Haemonchus contortus
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1. INTRODUCAO

Os nematdides gastrintestinais sdo um dos fationéamtes para a producao
de caprinos e ovinos em todo 0 mundo, especialmesteregidoes tropicais, onde 0s
prejuizos econdmicos sdo mais acentuados, acatecetaimaso no crescimento, baixa
producao leiteira, perda de peso e mortalidade E¥ERE et al., 2001; GITHIGIA et al.,
2001).

Anti-helminticos tém sido desenvolvidos e empregagara controlar as
nematodeoses e reduzir as perdas devido ao parasitNo entanto, o uso intenso e
inadequado destes produtos tem favorecido o desememto de populacbes de
nematoides resistentes, sendo um dos mais impestanatuais problemas no controle de
parasitos (MELO et al., 2003; RODRIGUES et al., 200

Além da resisténcia, as drogas anti-helminticapoditveis no comércio
possuem desvantagens como alto custo, residu@dimentos (WALLER, 2006), risco de
poluicdo ambiental (HAMMOND et al., 1997) e redugd® eficiéncia na producao de
ovinos e caprinos devido a baixa eficacia. Conaittw esses problemas, a fitoterapia vem
sendo pesquisada como alternativa para auxiliamtrale das parasitoses gastrintestinais
de pequenos ruminantes (VIEIRA, 2008).

O uso de plantas como medicamento € uma pratidanvasdifundida pela
populacdo, porém sem comprovagdo do nivel de segara da atividade biolégica
(BARBOZA et al., 2007). Entretanto, é importantmbgar que o correto aproveitamento
das plantas medicinais e seus derivados tém caapa eticial obrigatoria a sua validacao
pela pesquisa, envolvendo varios testes que visamfirmar a eficacia bem como
determinar a seguranca de sua utilizacdo em organrisivos (RATES, 2001).

Muitas espécies do génerbucalyptus sdo usadas na medicina popular
brasileira como analgésicos, antiinflamatorios emmntomas de infeccdes respiratérias
(SILVA et al., 2003). O eucalipto € uma das arvamas plantadas no mundo sendo
amplamente cultivado no Brasil. J& foi observadedefa de uma espécie de eucalipto
sobre nematéides de ruminantesando a expectativa sobre possivel atividadeules®
espécies deste género contra endoparasitos gestnais (BENNET-JENKINS e
BRYANT, 1996).
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2. REVISAO DE LITERATURA

2.1 Plantas Medicinais

O emprego de vegetais como medicamentos foi uma pmlaseiras
manifestacbes do esforco do homem em compreendélizar a natureza. As plantas
medicinais sdo matéria prima de origem vegetalzaths para aliviar, prevenir ou curar
uma doenca ou para alterar seu processo fisiologigmtoldgico (RATES, 2001). O
conhecimento tradicional sobre sua utilizacdo vends adquirido pelas comunidades ao
longo de muitos anos e transmitido verbalmentevésralas geracdes (BARBOZA et al.,
2007).

As primeiras drogas puras foram obtidas de plamfas, continuam a servir
como fonte de novas e valiosas opc¢cbes (THOMPSOBNG)1®%Atualmente relata-se que
aproximadamente 25% das drogas prescritas munditénpeovém de plantas, havendo
121 compostos ativos em uso corrente (RATES, 209é&3$te contexto, o Brasil ganha
destaque, pois apresenta grande biodiversidadspeies vegetais, 0 que constitui uma
de suas maiores riquezas e uma possivel fontegmseacdo de novas substancias com
finalidade terapéutica (OMENA et al., 2007). Erareb, menos de 10% dessa diversidade
foi avaliada em relacdo as suas caracteristica®gmas e pouco menos de 5% foi
submetida a andlise fitoquimica (LUNA et al., 2005)

As plantas sdo produtoras de substancias quimisaspodem ser Uteis no
tratamento de uma grande variedade de doencas emnkoe animais (MCGAW e
ELOFF, 2008). Seus compostos ativos podem semardgs de dois tipos de metabdlitos:
primarios e secundarios. Os metabdlitos primadosssibstancias amplamente distribuidas
na natureza, ocorrendo em praticamente todos @nisrgos. Nas plantas superiores tais
compostos se concentram freqlientemente em seneedtgfios de armazenamento e sao
necessarios para o desenvolvimento fisiologicogyé possuem papel importante no
metabolismo celular basico (CHAGAS, 2004a). Os hdis secundarios sdo compostos
derivados biologicamente dos metabdlitos primériesequentemente tém um papel
ecologico, como: atrativos para polinizadores, espntam adaptacdes quimicas a pressao
ambiental ou defensores quimicos contra microrgawss insetos e predadores superiores.

As atividades bioldgicas das plantas medicinais fegglientemente atribuidas aos seus
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metabolitos secundarios, como exemplos da sualad# comercial tém a nicotina, a
morfina, a cocaina e os 0leos de eucalipto (CHAGRS4a).

Diversas doencas tém sido alvos de pesquisas qudvem plantas, muitas
destas afetam os animais de producédo, com despagaeos nematoides gastrintestinais,
considerados como uma das principais causas deaecha produtividade de ruminantes
em todo o mundo (VIEIRA, 2008). Com a evolugcdo d@naa intensificaram-se 0s
estudos sobre as plantas medicinais utilizadasl@apente, relacionando sua composicao
quimica com seus efeitos (FRANCO, 2005), sendspatisavel a validacao cientifica das
plantas para a aceitacdo da sua utilizacdo (MAKIKARI., 2007).

2.3 Plantas com atividade anti-helmintica

Uma variedade de plantas tem sido utilizada tradamente para tratar
doencas parasitarias que acometem 0s animais diigdim Embora a maioria das
evidéncias da propriedade terapéutica seja bassadalatos populares, muitos trabalhos
tém sido desenvolvidos no sentido de investigamepcovar a atividade anti-helmintica de
plantas (ATHANASIADOU et al., 2007). Entretantorpaceitacdo de uma planta como
anti-helmintico pela medicina cientifica, € necees@ue a eficacia seja avaliada e
confirmada, assim como deve ser garantida que domanistracdo a organismos Vivos
ocorra sem riscos para saude através do processalidacdo cientifica (MCGAW e
ELOFF, 2008).

A primeira etapa no processo de validacao cieat&i@a selecdo da planta a ser
testada atraves de levantamento dos dados dedierancluindo identificacdo botanica e
dados sobre o uso popular (parte da planta usadaafde administracdo, doses e tempo
de tratamento). Posteriormente, sdo necessarites fasvitro para avaliar a provavel
propriedade anti-helmintica da planta através demBcao do seu efeito sobre a eclosao
de ovos e desenvolvimento ou motilidade de larizases sdo testes de triagem com as
plantas, seus extratos ou 6leos essenciais pasbh@sios mais promissores, apresentando
como vantagem a possibilidade de medir a efic&siajltaneamente, de varios compostos,
além da rapidez, simplicidade e baixo custo (ATHANADOU e KYRIAZAKIS, 2004).
Como exemplos, testes com 0,5% do 0Oleo essenci@hdeopodium ambrosioides1,33
ul mIt de Ocimum gratissimunapresentaram 100% de ac&do ovicida sétaemonchus
contortus(KETZIS et al. 2002; PESSOA et al., 2002). O drtiecetato de etila das folhas
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de Azadirachta indicana concentracdo de 50 mg nimibiu em 51,31% a eclosdo dos ovos
e em 68,10% o desenvolvimento larvattieontortug COSTA et al., 2008).

A seguir realizam-se o0s testés vivo através estudos toxicologicos
inicialmente em animais de laboratério para deteago da margem de seguranca da
planta em organismos vivos (CAMURCA-VASCONCELOS at 2005). Estes testes
permitem determinar os possiveis efeitos decomsenta exposicdo a determinadas
substancias (BARROS e DAVINO, 2003) que podem satiadlos apdés 24 horas da
administracdo, toxicidade aguda, ou apos admigitisaem doses repetidas, toxicidade
sub-crénica e crbnica. ApO0s a detrerminacdo da emargle seguranca, a planta é
submetida a testes pré-clinicos de eficacia paaiag@o da atividade anti-helmintica em
animais de laboratério. Estes testes possibilitana wstimativa de doses para o0 uso
terapéutico da planta na espécie alvo (CAMURCA-VABICELOS, 2006). Em estudo
usando camundongos naturalmente infectados com toielem phacia obvelatae
Aspiculuris tetrapterabservou-se que 800 mgkde 6leos essenciais téppia sidoides
e Croton zehntneré 240 mg kg' de extrato d€unica granatunapresentaram eficacia de
46%, 11% e 67%, respectivamente na reducdo da gamgaitaria (MICHELIN et al.,
2005; CAMURCA-VASCONCELOS et al., 2007).

A Ultima etapa de uma pesquisa sobre a atividadelatdas medicinais sao
testes de eficacia anti-helmintica realizados mease alvo, devido a laboriosidade, alto
custo e necessidade de utilizagdo de um grande raloee animais (CAMURCA-
VASCONCELOS et al., 2005). Sédo considerados maidiadeis e devem ser realizados
com animais natural ou experimentalmente infectd@EHIORI et al., 2006). Os ensaios
mais utilizados sdo o teste de reducdo da contageowos nas fezes (FECRT) (COLES et
al., 1992) e o teste controlado (WOOD et al.,199%). exemplo, 0,90 g Kgdo extrato
aquoso deCoriadrum sativunpromoveu uma reducdo de 24,49% no namero de amos p
grama de fezes (OPG) de ovinos apoés dois diasatmrmento (EGUALE et al., 2007). O
extrato etandlico d8pigelia anthelmiaa concentracdo de 500 mg'kgduziu em 76% o
OPG de ovinos nove dias apos o tratamento (ADEM@LAI., 2007), e a administracao
de 283 mg kg de 6leo essencial de sidoidescausou reducdo de 54% no OPG de ovinos
13 dias apos o tratamento (CAMURCA-VASCONCELOSIgt2908).

Estes resultados demonstram boas possibilidadegildacao de plantas no

controle de nematdides gastrintestinais de pequemasantes.
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2.3 Eucalyptus spp

Eucalipto (do grego = "verdadeira cobertura™) éeaighacdo genérica das
varias espécies vegetais do génkErmalyptus familia Myrtaceae, nativas da Australia,
amplamente cultivadas em areas tropicais e sub#aigpiNo Brasil, existe grande area
plantada com eucalipto, cobrindo uma area de neaiegd milhdes de hectares (PEREIRA
et al., 2006; SALARI et al., 2006). S&o, em terrgeris, arvores, em alguns raros casos,
arbustos, que apresentam copa geralmente ralangadla e o tronco quase sempre
retilineo e cilindrico. As folhas possuem a cardstiea comum, entre a maioria das
espécies, o fato de serem aromaticas e dispostasans de maneira oposta na parte
inferior e alternas na parte superior. Os frutos sénstituidos por capsulas lenhosas
deiscentes com sementes muito pequenas. As flerabrente sdo meliferas, contribuindo
para a producao de mel de abelha (BAKKALI et &108).

O géneroEucalyptusé composto de espécies de multiplos usos, podsumalo
madeira ser utilizada como combustivel para sigeuymduastria de moveis, na construcao
civil, como postes, na produgcéo de celulose, mekuas folhas serem utilizadas para
extracdo de Oleos essenciais usados na fabrica;@oodutos de limpeza, alimenticios,
perfumes e medicamentos (VITTI e BRITO, 2003). texs mais de 600 espécies e
variedades, das quais 20 tém sido exploradas ca@imente e menos de 12 tém
importancia econémica no mercado mundial de dlasereiais (FRANCO, 2005). No
Brasil, as principais espécies de eucalipto exgbisgoara a producdo de 6leo essencial

sao:E. globulosusE. staigerianae E. citriodora.

2.3.1 Eucalyptus globulus

E. globulusé uma arvore frondosa e de grande porte que médéOain de
altura. Sua casca lisa branco-cremosa vai se radovao longo do tempo; a folhagem
juvenil é ovalada e de coloracdo prata-azuladafosas adultas sao brilhantes, tém
formato de foice e medem até 25 cm de comprimdrA@URA 1) e sdo cultivadas para
extracao de 6leo essencial medicinal. A madeirtadespécie € usada apenas como lenha,
apesar das referéncias favoraveis para a produE@eldlose e papel (VITTI e BRITO,
2003).
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FIGURA 1. Folhas e flores deucalyptus globulus

Fonte http://commons.wikimedia.org/wiki/File:Eucalyptusoulus...

Seus principais constituintes obtidos por cromatig@rgasosa séb,8-cineol
ou eucalyptol (85,84%), alfa-pineno (9,93%), gaergiheno (1,24%), beta-mirceno
(1,23%), beta-pineno (0,88%), 1-felandreno (0,56%lfa-terpinoleno (0,32%) (CHAGAS
et al.,, 2002). Existem relatos da atividade do kutch sobre as bactéria€andida
albicans, Escherichia cok Staphylococcus aure{€ ARSON e RILLEY, 1995; CHA et
al., 2007), os fungosusarium graminearum, F. culmorum Pyrenophora graminea
(TERZI et al., 2007) e os coleopterdsibolium castanaeunfTRIPATHI et al., 2001,
STAMOPOULOS et al., 2007)Sitophilus oryzaee Rhyzopertha dominicéLEE et al.,
2004). O eucaliptol também apresentou atividadevitro sobre larva do nematoide
Anisakis simplexXNAVARRO et al., 2008).

2.3.2 Eucalyptus staigeriana

E. staigerianaé uma &rvore de tamanho médio, podendo chegarra @2
altura, com copa reduzida e espalhada. As folha&URA 2) apresentam cheiro
caracteristico citrico, proveniente do seu princgmmponente, o citral. Esta adaptada a

zonas climéticas quentes e subumidas, a solos pebbem drenados, matas ou florestas
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abertas. Sua cultura é destinada basicamente dancébtede Oleos essenciais para
perfumaria sendo a madeira vendida como lenha (METBRITO, 2003).

FIGURA 2. Folhas d&ucalyptus staigeriana

Fonte http://en.wikipedia.org/wiki/Eucalyptus_staigeriana

Seus principais constituintes obtidos por cromatigr gasosa sao dl-
limonemo (24,78%), E-citral (14,99%), Z-citral (3®%), alfa-terpinoleno (10,78%),
acetato de geranila (7,61%), 1-felandreno (3,32%g-pineno (3,37%), gama-terpinemo
(2,36%), beta-pineno (2,30%), beta-mirceno (0,978ma)re outros em menor percentual
(CHAGAS et al., 2002). Estudos tém sido realizactms seu principal constituinte, citral,
reportando atividade sobre insetalex pipiens(LEE et al. 2003; YANG et al., 2005),
sobre bactérias e fungos (FISHER et al.,, 2007; YAMKI et al.,, 2007), sobre os
fitonematéidesBursaphelenchus xylophilus Meloidogyne incognita BAUSKE et al.,
1994; CHOI et al., 2007), bem como sobre larvasetoatideA. simplexHIERO et al.,
2006).

2.3.3 Eucalyptus citriodora

Conhecida popularmente como eucalipto liméo é umaré de porte médio,
com casca aspera e pulverulenta de coloracdo bramceezes rosa ou vermelha e folhas
juvenis lanceoladas. A folhagem adulta é lisa (HRAU3), estreita e mais longa que a
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juvenil. Todas as partes contém forte aroma dedir&autilizada para producdo de carvéo
vegetal, postes, madeira para serraria, como leemalo mais cultivado para obtencéo de

Oleo essencial para perfumaria (VITTI e BRITO, 2003

‘ - 7 ke g ok :
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FIGURA 3. Folhas e flores deucalyptus citriodora

Fonte: http://www.pbase.com/yvonneii/gum_blossoms

Seus constituintes obtidos por cromatografia gasésaacetato de citronelila
(2,61%), trans-cariofileno (2,49%) e o principahsttuinte citronelal (94,9%), (CHAGAS
et al., 2002). O metabdlito secundério citronelalsddo em perfumaria, detergentes e
como repelentes de insetos. Estudos com citronaatraram atividade inseticida sobre
Musca domesticdLEE et al., 2003) e larvas da modaacilia sericata(SILVA, et al.,
2007), além de atividade sobre o fitonematddesaphelenchus xylophily€HOI et al.,
2007).

2.3.4 Oleos essenciais

Os 6leos essenciais de eucalipto sdo compostogmdms por uma complexa
mistura de diferentes concentracbes de componemgEgicos volateis, e apresentam
grupos quimicos como hidrocarbonetos, alcoois,idide cetonas, acidos e ésteres. A
grande maioria, no entanto, € constituida de tep@omplexos, que constituem uma
grande variedade de substancias vegetais deridadasidades do isopreno. Os compostos
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terpénicos mais frequentes nos 6leos volateis sduamoterpenos (90 % dos 6leos) e os
sesquiterpenos (SALGADO et al., 2003).

Os monoterpenos sao metabolitos secundarios quenpodusar interferéncia
toxica nas fungBes bioquimicas e fisioldégicas dasmgitos, apresentando a vantagem de,
na maioria das vezes, serem pouco toxicos paraaosiferos (RICE e COATS, 1994).
Alguns monoterpenos tém sido considerados comonatteas aos produtos comerciais
sintéticos, sendo utilizados como condimentosiasi§, perfumes (TEMPLETON, 1998)

e em formulagbes de expectorantes, descongestsaanalgésicos externos e anti-
sépticos (WINDHOLZ et al., 1998).

Os o6leos de eucalipto ocorrem, principalmente, f@Elbkas, onde séo
produzidos em pequenas cavidades globulares, claangé@hdulas. Existem varios fatores
que podem exercer influéncia na variacado da corpposiesses 6leos. Os mais tipicos sao
a variabilidade genética, a idade das folhas, asliches ambientais, o tipo de manejo
florestal, os métodos utilizados para amostragesrfalhas, os processos de extracéo e de
andlise do 6leo (CIMANGA et al., 2002; BAKKALI ek a22008).

A acdo dos Oleos essenciais esta relacionada cara golatilidade, pois, por
meio dessa caracteristica, agem como sinais dergoagdo quimica com o reino vegetal
e como arma de defesa contra o reino animal. Ble&s@am considerados como repelentes
de insetos que se alimentavam de suas folhasgdamés da germinagdo e de crescimento
de outras plantas, controladores da atividade iigidgica de alguns fungos e bactérias,
atrativos de polinizadores, protecéo contra a pegedagua e aumento de temperatura entre
outros (FRANCO, 2005).

Em funcdo do seu uso final, os 6leos essenciaigudalipto podem ser
divididos em trés grupos: Oleos medicinais, Olewdustriais e Oleos para perfumaria
(VITTI e BRITO, 2003). Oleos medicinais sdo aquelas apresentam como componente
principal o cineol e sdo destinados a fabricacaprddutos farmacéuticos como inalante,
estimulantes de secrecdo nasal, produtos de hidianal, dentre outros. A principal
espécie produtora deste Oleo no BrasiE.églobulus.Os 6leos industriais tém como
componentes principais o felandreno, que é usadaocsolvente e matéria-prima na
producdo de desinfetantes e desodorizantes e ocolmgsado como aromatizante de
produtos medicinais. E os Oleos de perfumaria faparte da composicdo de perfumes,

sendo mais usados nos produtos de limpezaijtriodora é a principal espécie cultivada
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no Brasil para a producédo deste tipo de 6leo, daguela espécie. staigerianaVITTI e
BRITO, 2003).

2.3.5 Potencial uso do Eucalyptus spp

Muitas espécies do génerfbucalyptus sdo usadas na medicina popular
brasileira para uma variedade de condicoes medhci@s Oleos essenciais de eucalipto
sdo também amplamente empregados como cosméticoslimentos e na industria
farmacéutica (SILVA et al., 2003). O efeito biolégido 6leo pode ser resultado do
sinergismo de todas as moléculas ou somente dadac@dncipal componente presente
em niveis mais altos.

Vérios trabalhos foram realizados demonstrandaosfailas espécies de
citriodora, E. globulus e E. staigeriarsabre varios organismos.

O extrato aquoso das folhas secas=deitriodora € tradicionalmente usado
como analgésico, antiinflamatério, antipirético arg tratar infeccbes respiratérias
(BAKKALI et al., 2008). O 6leo essencial d@e citriodora apresentowtividade inibitoria
sobre as bactériaStaphylococcus aureus, Salmonella choleraeselscherichia coli
(ESTANISLAU et al., 2001), os fungdSolletotrichum lindemuthianupC. sublineolum
Fusarium oxysporupAlternaria triticina, A. alternatae Rhizoctonia solanfRAMEZANI
et al., 2002; BONALDO et al., 2007), os insetosedpterosAcanthoscelideos obtectus
(MAZZONETTO e VENDAMIM, 2003). Esse 6leo também apentou atividade toxica
vitro sobre as larvas do fitonematoideloidogyne incognitdPANDEY et al., 2000).

E. globulus é uma erva aromatica, estimulante, descongest®nan
expectorante, relaxa espasmos e diminui febre.afausxternamente em inalagdes para
bronquite, sinusite, resfriados e gripe; para caigds e dores musculares; em feridas e
abscessos. O uso do Oleo essencial Edeglobulus apresenta multiplas aplicacbes
medicinais, incluindo atividade antiinflamatérianaggésica (SILVA et al., 2003) e
antioxidante (CRUZ et al., 2005). Estudos demoretnaatividade desse Oleo sobre
bactérias e fungos (NAVARRO et al., 1996; TAKAHASEH al., 2004; SALARI et al.,
2006), sobre o carrapaBoophilus microplu§CHAGAS et al., 2002), bem como atividade
inseticida sobreM. domestica(MORSY e HALIM, 2005) Pediculus humanus capitis
(YANG et al., 2004), além do coledptepeanthoscelides obtectPAPACHRISTOS e
STAMOPOULOS, 2004)Atravésdo processo de hidrodestilacdo, esse 6leo apresento
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atividade inseticida sobre o caruncho do miBitophilus zeamai$§SANDI e BLANCO,
2007).

O dleo essencidt. staigerianamostrou-se eficiente no controle do coleoptero
Callosobruchus maculatuprovocando mortalidade de adultos através do psocele
fumigacdo (BRITO et al.,, 2006). O mesmo 6leo fatddo quanto a acdo acaricida
verificando-se atividade sobre larvas e fémeas rgigulas do carrapat@oophilus
microplus(CHAGAS et al., 2002).

Testes preliminares utilizando os 6leos essendassespéciel. citriodora, E.
globulus e E. staigeriana foram realizadosin vitro verificando-se inibicdo do
desenvolvimento larvar de helmintos gastrintessiia caprinos (CHAGAS, 2004b). Tais
resultados sdo extremamente significativos, pé@rca possibilidade de utilizacdo destes

compostos no controle de endoparasitos.
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3. JUSTIFICATIVA

A aplicacdo de medidas de controle para o panasitsausado por nematoides
gastrintestinais € essencial para 0 sucesso natpiddde da ovinocaprinocultura. Esse
controle é feito basicamente pela utilizacdo delaiminticos onerosos e, algumas vezes,
pouco eficazes devido ao desenvolvimento de popetacesistentes. Acredita-se que a
aplicacdo de compostos naturais vegetais, come @sesenciais deucalyptusspp, pode
ser uma alternativa para controlar o parasitisnwes ppresentam como vantagens um
desenvolvimento mais lento da resisténcia, alérensdniodegradaveis, ndo causarem
poluicdo ambiental, diminuirem o problema dos m&ss$gd reducdo nos custos, além de

prolongar a vida Gtil dos produtos disponiveis revgado.
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4. HIPOTESE CIENTIFICA
Os Oleos essenciais d&ucalyptus citriodora E. staigerianae E. globulus

possuem atividade contra nematoéides gastrintestitgacaprinos.
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5. OBJETIVOS

5.1 0Objetivo Geral

» Identificar um fitoterapico para controlar as nemdaises de pequenos

ruminantes

5.2 Objetivos Especificos

* Avaliar in vitro a atividade ovicida e larvicida dos 6leos esséndim
Eucalyptus citriodora, E. globulus e E. staigerias@bre ovos e larvas de

H. contortus;

* Determinar a toxicidade aguda e subaguda dos dsesenciais de.

citriodora e E. staigerian@m animais de laboratorio;

e Avaliar in vivo a atividade anti-helmintica dos 6leos essenciagsEd
citriodora e E. staigerianaa reducdo da carga parasitaria de camundongos

infectados com parasitos intestinais;

* Avaliar in vivo a atividade anti-helmintica dos 0leos essenciasEd
citriodora e E. staigerianana reducdo do OPG de caprinos infectados por

nematoides gastrintestinais.
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Atividade ovicida e larvicida do 6leo essencial deucalyptus globulus

sobre Haemonchus contortus

RESUMO

O objetivo deste trabalho foi avaliar o efeito ddéc e larvicida do oOleo essencial de
Eucalyptus globulus(OEEG) sobre Haemonchus contortusA determinacdo da
composicao quimica do OEEG foi feita através demetoografia gasosa acoplada a
espectrometria de massa. No teste de eclosédo de @WO) foram utilizadas as
concentracdes 21,75; 17,4; 8,7; 5,43 e 2,71 myg enho desenvolvimento larvar (TDL) as
concentracdes foram 43,5; 21,75; 10,87; 543 e 21l mi*. Cada ensaio foi
acompanhado por um controle negativo com o diludveen 80 (3%) e controle
positivo, 0,02 mg mt tiabendazol, no TEO e 0,008 mg thilermectina no TDL. A
eficacia maxima obtida pelo OEEG sobre ovos fd®@8% na concentragdo de 21,75 mg
mi™* e sobre larvas foi de 98,7% na concentracdo de @8, mI*. A concentracdo do
OEEG que inviabilizou 50% dos ovos e das larvapatasito foi de 8,3 mg fle 6,92
mg ml*, respectivamente. A andlise quimica do 6leo ifleati como principal
componente o monoterpeno 1,8-cineol. O OEEG apm@setividade ovicida e larvicida
sobreH. contortus revelando um bom potencial para utilizacdo ndrotende nematoides
gastrintestinais.

PALAVRAS-CHAVE: fitoterapia,Haemonchus contortuanti-helmintico.

ABSTRACT

The objective of this work was to evaluate ovicidald larvicidal effect oEucalyptus
globulus essential oil (EQEO) omHaemonchus contortus’fhe chemical composition
determination of EQEO was through gas chromatograpid mass spectrometry. Egg
hatch test (EHT) was performed in concentrationg®2117.4; 8.7; 5.43 e 2.71 mg 'l
and in larval development test (LDT) were used ¢bacentrations 43.5; 21.75; 10.87,
5.43 e 2.71 mg ml Each trial was conducted by negative control wWitkeen 80 (3%) and
positive control, 0.02 mg Mlof thiabendazole in EHT and 0.008 mgnoff ivermectin in

LDT. The maximum effectiveness of EQEO on eggs 9%18% in concentration of 21.75
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mg mi* and on larvae was 98.7% in concentration 43.5 rig§ ffhe concentration of
EgEO that inhibits 50% of the eggs and larvae wasr8g mi* and 6.92 mg i,
respectively. The oil chemical analysis identifeeximain component the monoterpen 1,8-
cineol. The EgEO presented ovicidal and larvicalzlvity, revealing a good potential for
use in the control of gastrointestinal nematodes.

KEY WORDS:phytoterapicHaemonchus contortuanthelmintic.

INTRODUCAO

As endoparasitoses gastrintestinais se constitum principal entrave da
ovinocultura, em todo o mundo, especialmente, ag&es tropicais, onde 0s prejuizos
econdmicos sdo mais acentuados (VIEIRA, 2008). leens parasitos gastrintestinais,
destaca-se o nematdide hematofaig@monchus contortuslevido a sua alta prevaléncia
e patogenicidade (AROSEMENA et al., 1999). O commtimento da producao ocorre
em decorréncia da perda de apetite, diarréia, @eram casos severos, morte do animal
(ATHANASIADOU e KYRIAZAKIS, 2004).

Para tentar controlar e reduzir as perdas caugatas infeccdes por helmintos séo
utilizados anti-helminticos sintéticos (EGUALE ek, a2007). Entretanto, o rapido
desenvolvimento de populacdes de nematoides m®isieassociado ao alto custo, risco
de residuos nos alimentos e de contaminacdo arabiembhou necessaria a busca por
novas alternativas de controle (HERD, 1996; MELOakt 2003). Opgdes como a
utilizacdo de plantas medicinais pode represemaa alternativa para o controle das
nematodeoses e minimizar alguns desses problemeseapando a vantagem de serem
sustentaveis e ambientalmente aceitas (COSTA, &0418).

Eucalyptus globuluspertence a familia Myrtaceae € uma espécie nalava
Australia que estéa distribuida mundialmente. Esp@@e vegetal é eficaz no tratamento
de inflamacgdes pulmonares e excessiva mucosidad€RA e SANTOS, 2007). O uso
do Gleo essencial obtido a partir das suas folpessanta importancia farmacéutica, sendo
propostas multiplas aplicagcdes medicinais, incloiatividade antiinflamatoria, analgésica
(SILVA et al., 2003) e anti-oxidante (CRUZ et &005). Estudos demonstraram atividade
desse 0leo sobre bactérias e fungos (NAVARRO e1886; TAKAHASHI et al., 2004;
SALARI et al., 2006; CARMELLI et al., 2008), sobeecarrapatdBoophilus microplus
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(CHAGAS et al., 2002), bem como atividade inseticgdbreMusca domesticMORSY
e HALIM, 2005) Pediculus humanus capit(¥ ANG et al., 2004), além dos coledpteros
Acanthoscelides obtectuPAPACHRISTOS e STAMOPOULOS, 2004)Yabrotes
subfasciatug Callosobruchus maculat8RITO et al., 2006).

O objetivo deste trabalho foi avaliar a atividadevitro do Oleo essencial de.

globulussobre a ecloséo de ovos e desenvolvimento lapdr dontortus

MATERIAL E METODOS

Obtencao do 6leo essencial
Foi utilizada uma preparacdo comercial do OleoresskedeE. globulus(OEEG)
adquirido de Dierberguer Oleos essenciais Ltdaa Ramentar a solubilidade em meio

aquoso, o oleo foi diluido em Tween 80 a 3%.

Obtencao de ovos e larvas de H. contortus

Dois ovinos sem raga definida foram mantidos erolgaimetabdlicas e tratados
inicialmente com trés anti-helminticos de diferenpeincipios ativos em dias alternados
para eliminar todos os nematodides gastrintestidg®s a constatacdo da eliminacdo da
infeccdo foram inoculadas 5.000 larvas infecta(it& de H. contortuse posteriormente
foram realizados exames coprolégicos para confirmastabelecimento da infeccao

experimental.

Teste de ecloséo de ovos (TEO)

Foram coletadas 10 g de fezes diretamente da amgtalade ovino portador de
infeccdo monoespecifica pbt. contortus.As fezes foram processadas de acordo com a
técnica descrita por Hubert e Kerbeouf (1992) pauperacdo de ovos. O teste de
eclosdo de ovos foi baseado na metodologia despata Coles et al. (1992).
Aproximadamente 25@Ql de solucdo de ovos, contendo no minimo 100 of@sm
incubados com 250l da solucéo a ser testada de acordo com 0s segumtamentos:
T1: diluente Tween 80 a 3%, controle negativo; 22 mg nif tiabendazol, controle
positivo; T3: Oleo essencial de globulusnas concentra¢des 2,71; 5,43; 8,7; 17,4 e 21,75
mg ml*. Ap6s 48 horas, foi acrescentado Lugol objetivainderroper a ecloséo dos ovos
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e realizar a contagem de ovos e larvas eclodidamnt-realizadas trés repeticbes com

cinco réplicas para cada tratamento.

Teste de desenvolvimento larval (TDL)

Para a obtencédo das larvas de primeiro estagio (inia aliquota da suspenséo de
ovos obtida segundo Hubert e Kerbeouf (1992) faulmda por 24 h em estufa a 37°C. O
teste de desenvolvimento larvar foi realizado coné método descrito por Roberts e
O’Sullivan (1950) modificado. Uma aliquota de 1 ointendo aproximadamente 250 L1
de H. contortus foi incubada durante 6 dias com 2 g de fezes piextas de um animal
livre de nematdides gastrintestinais, juntamente &anl do 6leo essencial & globulus
nas concentragbes 2,71; 5,43; 10,87; 21,75 e 435mit. O controle negativo foi
constituido pelo diluente Tween 80 (3%) e o positjpor ivermectina (0,008 mg )l Ao
final, foi acrescentado lugol e realizada a contagie larvas de 3° estagio. Foram

realizadas trés repeticbes com cinco réplicas gata tratamento.

Andlise quimica do 6leo essencial

A composicdo quimica do Oleo essencial usado nestigdo foi determinada
através de cromatografia gasosa acoplada a egpettieo de massa. O Oleo essencial foi
analisado usando o equipamento Velocity XPT sategsintes condigdes: coluna capilar
de silica fundida dimetilpolisiloxano DB 5ms; gasatraste: Ne (1 mL/min); temperatura
do injetor: 250°C; temperatura do detector: 200t&peratura da coluna: 35- 180°C a
4°C /min e depois 180-25°C al0°C /min. Amostraarforanalisadas pelo CG— SM no

QP2010, com impacto eletronicoa 70 e V.

Analise estatistica

Nos testesn vitro, os resultados foram expressos em percentagerficdei@ da
inibicdo da ecloséo de ovos e do desenvolvimemt@iadeH. contortus Os resultados
foram analisados usando ANOVA e comparados atrduéeste de Tukey com nivel de
significancia de 5% usando o programa Prism 3.0.

A eficacia de cada tratamento no teste de eclosdovds foi determinada com
base no percentual de eclosdo calculado usandossgante formula: (n° de larvas

eclodidas/ n° de larvas eclodidas + n° de ovo€)0x 1
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No teste de desenvolvimento larvar, a eficaciaébculada usando a formula: (L3
grupo controle negativo - L3 grupo tratado) / LAy controle negativo x 100.

A concentracéao efetiva 50 (CE50), ou seja, a aunagéo capaz de inibir 50% da
eclosdo de ovos ou do desenvolvimento larvar floutada usando o programa estatistico
SPSS 8.0 para Windows.

RESULTADOS

As percentagens médias de eficacia do OEEG ohtiddsste de eclosdo de ovos
estdo dispostas na tabela 1. O OEEG na concentdacd@,4 mg mt apresentou 87,3%
de eficacia ndo sendo diferente estatisticamentantiehelmintico (>0,05). A CE50 do
OEEG foi de 8,3 (5,46 - 12,31) mg ™'l

Tabela 1. Eficacia média erro padrdo do Oleo essencdd Eucalyptus globulusa

inibicdo da eclosao de ovos Haemonchus contortus.

Concentracées (mg ) Eficaciat e.p
21,75 99,0 0,28A
17,4 87,3+ 2,55B

8,7 43,25 1,05C
5,43 21,8# 2,27D
2,71 9,93t 1,49E

Controle negativo (3% Tween 80) 3,12+ 0,45E
Controle positivo (0.025 mg miTiabendazol) 92,7+ 1,28AB

Letras diferentes indicam significancia estatéstias linhasp<0,05)

A tabela 2 apresenta as percentagens médias deiefido OEEG no teste de
desenvolvimento larvar. Na concentracdo de 21,73niilgo OEEG inibiu em 90,96% o
desenvolvimento larvar, sendo equivalente a eficdoianti-helminticopt0,05). A CE50
do OEEG foi de 6,92 (5,12- 9,01) mg 'l
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Tabela 2. Eficacia médiaerro padréo do 6leo essendal Eucalyptus globulusa

inibicdo do desenvolvimento larvar Beemonchus contortus.

Concentracées (mg ). Eficaciat e.p
43,5 98,74 0,36A

21,75 90,96+ 2,17A
10,87 67,75 3,83B
5,43 47,6+ 4,56C
2,71 8,37+ 2,08D
Controle negativo (3% Tween 80) 3,5+ 0,57D

Controle positivo (0.008 mg mivermectina) 99,81+ 0,1A

Letras diferentes indicam significancia estatéstias linhasp<0,05)

O oleo essencial apresentou efeito inibitorio dieygendente sobre a ecloséo de
ovos e desenvolvimento larvar Hecontortus

A andlise obtida por cromatografia gasosa indicmmo principais constituintes e
suas concentracéesa-pineno (4,15%), o-cimeno (2,93%), {lhoneno (8,16%),

eucaliptol (83,89%) e-terpineno (0,87%).

DISCUSSAO

O modeloin vitro reportado neste estudo demonstrou efeito antiifhébo do
OEEG, sugerindo a presenca de algum constituiriteigol que atua sobre ovos e larvas
de H. contortus.O uso deH. contortusnesses testes pode ser justificado pelo fato de qu
este nematoide é um parasito gastrintestinal dedgranportancia econémica na producéo
de pequenos ruminantes, apresentando alta preiamlénmatogenicidade (DIEHL et al.,
2004). Em trabalho anterior o 6leo essenciaEdglobulustambém apresentou atividade
in vitro sobre nematdides gastrintestinais na concentrded®%, entretanto o teste
utilizou outra metodologia baseada em coprocultdeasaprinos com infec¢cdo mista e o

Oleo foi testado na forma de emulsédo (CHAGAS, 2004)
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Os testesn vitro se constituem na observacdo da acdo do farmaoocpetato
direto com os estagios de ovo ou larva do parasita avaliar seu efeito sobre a eclosao
de ovos e desenvolvimento de larvas. Atualmenesdsstes além de verificarem a acéo
de anti-helminticos sintéticos, tém sidtlizados para triagem de plantas medicinais,
apresentando as vantagens de facilidade de exedaj#o custo e rapideEsses ensaios
servem como uma indicacao inicial da atividadergesquisada e permitem a selecédo dos
extratos mais promissores, diminuindo gastos, mdda perda de tempo e uso
indiscriminado de animais de experimentacdo (CAMBRASCONCELOS et al.,
2005).

Neste estudo, o0 OEEG apresentou atividadatro sobreH. contortussuperior a
outras plantas testadas. Como exemplo é possiaebgeie 50 mg il do extrato hexanico
das folhas dévielia azedarachtanibiram em 16,92% a ecloséo de ovos e em 67,9% o
desenvolvimento larvarespectivamente (MACIEL et al., 2006); o extratetato de etila
de Azadirachta indicainibiu 51,31% a eclos&o de ovos e 68,10% o ded@nmwento
larvar na concentracdo de 50 mg'nfCOSTA et al., 2008); o extrato metandlico de
Spigelia anthelmianibiu 97,4% a ecloséo de ovos e 84,4% o desemehto larvar na
concentracéo de 50 mg {ASSIS et al., 2003).

Neste trabalho OEEG foi menos efetivo que os lagithinticos sintéticos usados
como controle positivo. Entretanto o tiabendaz@a mermectina sao substancias ativas
isoladas, enquanto que o Oleo essencial € uma rmistintendo varios constituintes
quimicos, dentre eles o principio ativo com acéagcida e larvicida, porém em pequenas
quantidades.

A investigacdo de componentes quimicos proversetiéeprodutos naturais € de
fundamental importancia para o desenvolvimento dga®: drogas anti-helminticas
(ASSIS et al., 2003). Neste estudo, a analise CGegtificou que o OEEG é composto
por cinco constituintes quimicos que podem seroresr/eis pela potencial atividade anti-
helmintica encontrada vitro. O principal constituinte encontrado foi o monpgsro 1,8-
cineol, também conhecido por eucaliptol. Algundathos ja foram realizados com esse
composto para avaliar sua atividade inseticidaesabieopterosTribolium castanaeum
(TRIPATHI et al., 2001; STAMOPOQULOS et al., 2007%#ophilus oryzagOryzaephilus
surinamensis, Musca domestie®lattella germanicaLEE et al., 2003). Existem relatos

sobre acdo contra as bactéri@gndida albicans, Escherichia coé Staphylococcus
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aureus (CARSON e RILLEY, 1995; CHA et al.,, 2007), sobre tungosFusarium
graminearum, F. culmorune Pyrenophora graminedTERZI et al., 2007) e larva do
nematoéideAnisakis simplexXNAVARRO et al., 2008).

O Oleo essencial de. globuluspode ser uma fonte alternativa para o controle de
nematoides gastrintestinais. Entretanto, estudas refcessarios para avaliar a sua
toxicicidade e seus efeitas vivo, bem como isolamento e avaliagdo de seus compEnent

ativos.
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ANTHELMINTIC ACTIVITY OF Eucalyptus staigeriana ESSENTIAL OIL
AGAINST GOAT GASTROINTESTINAL NEMATODES

Resumo

O objetivo deste estudo foi avaliar a eficacia-aetmintica do 6leo essencial de
Eucalyptus staigerian8OEES). Os efeitos in vitro do OEES foram deteados atraves
do teste de eclosdo de ovos e inibicdo do desamaho larvar deHaemonchus
contortus O 6leo foi submetido a toxicidade aguda e subag@s efeitosn vivo foram
determinados através da contagem de nematéidssiriaise de camundongos e da reducao
da contagem de ovos nas fezes em caprinos. 1,3 mgmL* de OEES inibiram em
99,27% e 99,20% a eclosédo de ovos e o desenvoliomarvar deH. contortus Na
toxicidade subaguda, todos os parametros encostestavam dentro da variagdo normal
e andlise hirtopatologica dos 6rgédos ndo apreseattenacdes. Na concentracao de 500 mg
kg, o 6leo essencial foi efetivo em 86% contra neidagdde camundongos. A eficacia
de OEES contra nematodides gastrintestinais de mmprioi de 59% 15 dias apds o
tratamento. Oleo essencial Bestaigerianamostrou atividade anti-helmintiéa vitro ein
vivo.

Palavras-chave: Fitoterapia; Anti-helminti¢o;vivo; In vitro; Toxicidade.

Abstract

The aim of this study was to evaluate the anthdimiefficacy of Eucalyptus staigeriana
essential oil (ESEO). Thia vitro effects of ESEO were determined through the edchireg
test and the inhibition of larval development-demonchus contortu$he oil was subjected
to acute and subacute toxicity. Timevivo effects were determined through worm count of
mice intestinal nematodes and fecal egg reductiomtcin goats. 1.35 and 5.4 mg tESEO
inhibited 99.27% and 99.20%. contortusegg hatching and larval development. In subacute
toxicity of ESEOQ, all parameters were found to béhe normal range, and histopathological
analysis of organs did not present alterationsa Abncentration of 500 mg Rgthe essential
oil was 86% effective against mice nematodes. EsHHi0acy against goat gastrointestinal
nematodes was 59% at 15th day after treatntenstaigerianaessential oil showeth vitro
andin vivo anthelmintic activity.

Keywords Phytotherapy; Anthelminticnlvivo; In vitro; Toxicity.
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Introduction

Gastrointestinal parasitism is a significant olbstan the breeding of sheep and
goats (Pessoa et al., 2002). Parasitism, espetigllyelminth species, impairs health by
causing lack of appetite, diarrhea, anemia andgewere cases, death (Athanasiadou and
Kyriazakis, 2004). Synthetic anthelmintics have rbaeed throughout the world for
decades to minimize the losses caused by helmmfdction. However, anthelmintic
resistance in nematodes has become a major pigmtaiddem in many countries (Varady
and Corba, 1999). Parasite resistance increasé¢s, ceduces production efficiency and
increases the risk of environmental contaminatierequent use, increased dosage, and
increased application rate all correlate with deoly effectiveness (Donald, 1994). These
disadvantages have stimulated a search for alteenadntrol methods, such as the use of
traditional medicinal plants. Screening and propealuation of medicinal plants could
reveal bioactive compounds that may be sustainabl environmentally acceptable
(Eguale et al., 2007).

Recently, there has been an increasing interehimomedical and ethnoveterinary
practices around the world, especially as theyapero the use of medicinal plants in
treating various ailments (Bizimenyera, 2006). Boceptance of medicinal plants into
scientific medicine, it is necessary that theireefiveness and safety be evaluated and
confirmed throughn vitro andin vivotesting (Rates, 2001).

Eucalyptus(Myrtaceae), a native plant of Australia, is maiciyltivated for the
paper, pharmaceutical and cosmetic industries (@#ase et al., 2008). Much research has
been conducted on the medicinal propertiesEatalyptusspp. The leaf extract, or
essential oil from the leaves &ucalyptusspp. has been reported to possess antifungal,
antibacterial, anti-inflammatory, antioxidant, maogq repellent, and anthelmintic
properties (Bennet-Jenkins and Bryant, 1996; Rameziaal., 2002; Silva et al., 2003;
Erler et al., 2006; Salari et al., 2008). staigerianais the species most commonly used in
Brazil for extraction of essential oil, and the mahemical component is citral (Vitti &
Brito, 2003). Studies have shown that the essentlaéxhibits antibacterial biological
activity (Dupont et al., 2006). Furthermore, funtiga using essential oil has been shown
to be effective in the control of insects suctZabrotes subfasciatusnd Callosobruchus
maculatus(Brito et al., 2006). Chagas et al. (2002) detecedricide activity of the oil
toward the tickBoophilus microplus.
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The objective of the current study was thereforagsess tha vitro andin vivo

anthelmintic potential oE. staigerianaessential oitoward gastrointestinal nematodes.

Materials and Methods
Obtaining Essential Oil

A commercial preparation OE. staigerianaessential oil (ESEO) furnished by
Dierberguer 6leos essenciais Ltdas used in the experiments described.Hevéncrease
the solubility in aqueous medium, the essentiaivais diluted in 3% Tween 80.

Chemical analysis

The chemical composition of ESEO used in this stu@dg determined by gas
chromatography (GC) and mass spectrometry (MS). diheas analyzed on a Velocity
XPT using the following experimental conditions: Bis fused silica capillary column;
carrier gas: hydrogen; injector temperature 250t€tector temperature 250°C; column
temperature 50°C (6 min), 500-200°C, at 3°C/mirmpias were analyzed by GC-MS on
QP2010, with impact electronic in 70 and V. Thentifecation of the constituents was
performed by a computer-based library search, dbt ageretention indices and visual

interpretation of the mass spectra.

Egg hatch test

The egg hatching test was performed based on thigon@ogy described by Coles
et al. (1992). Sheep experimentally infected withcontortuswere used as a source of
fresh eggs of this parasitél. contortuseggs were recovereaccording to Hubert and
Kerboeuf (1992). Briefly, 10 g of feces collectacedtly from the rectum were mixed with
distilled water and filtered through 590, 149, Eol 30 um aperture sieves. 2800f egg
suspension, containing approximately 100 fresh eggd 250uL ESEO at concentrations
of 0.08, 0.16, 0.33, 0.67 and 1.35 mg iere incubated for 48 h at room temperature.
After incubation, drops of Lugol were added. Thegge@nd L1 were counted under a
microscope. A negative control containing the dilué3% Tween 80) and a positive
control with 0.025 mg mt thiabendazole were performed in parallel. Threestigpns
with five replicates for eack. staigerianaessential oil concentration and for each control

were performed.
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Larval development test

An aliquot of egg suspension obtained accordinglubert and Kerboeuf (1992),
was incubated for 24 h at 37°C to obtain first-sté@yvae (L1). The larval development
test (LDT) was performed using 1 mL of larval susgien, containing approximately 250
L1, and 1 mL of ESEO at concentrations of 0.33701635, 2.7 and 5.4 mg ritincubated
with 2 g of feces from a nematode-free sheep fdags at room temperature. Then, the
third-stage larvae (L3) were recovered accordingrtberts and O'Sullivan (1950) and
counted under a microscope. A negative control B%h Tween 80 and a positive control
with 0.008 mg mL* ivermectin were also performed. Three repetitioith five replicates

for each oil concentration and for each controlexesnducted.

Toxicity tests

The care and handling of animals were in accordamitie the internationally
accepted standard guidelines for use of animald,the protocol was approved by the
Ethical Committee of Ceara State University (numb8B832518-2).

Acute toxicity in mice

Swiss albino mice (n=96) of both sexes, with averagight of 27.5g, were kept in
polypropylene boxes and fed with commercial feed waterad libitum The mice were
randomly divided into 12 groups (n = 8): G1 through received 1000, 2000, 3000, 4000
and 5000 mg K§ ESEO by oral administration. G6 received 3% Tw86rby the same
route. G7 through G11 received 200, 300, 400, 58@) 600 mg kg ESEO by
intraperitoneal administration. G12 received 3% @&we80 by intraperitoneal
administration. The animals were observed for ganbehavioral changes, signs of
toxicity and mortality for 6 h after treatment. Aft24 h, the total number of dead animals

was verified and the lethal doses were calculdt@d () and LD50).

Subacute toxicity in rats

Female Wistar albino rats weighing 190-260 g weresed in polypropylene cages
and fed with commercial feed and waget libitum The animals were randomly divided
into two groups (n=10). Group | received the doseeasponding to ESEO LD10 that had
been obtained in the acute toxicity study. As atrabngroup Il received only vehicle (3%
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Tween 80). The treatments were administered dajlyghvage for 30 days. Toxic
manifestations and mortality were monitored dafliythe end of the 30-days period, body
weights were recorded. Blood samples were obtalmedetro-orbital puncture under
diethyl ether anesthesia for hematological andh®adcal analysis. This was performed at
day zero, and again at the end of the experimdrd. lematological parameters analyzed
were red blood cell count (RBC), hemoglobin concdidan (Hb), hematocrit (Ht), mean
corpuscular volume (MCV), mean corpuscular hemaglaMCH), mean corpuscular
hemoglobin concentration (MCHC), platelets (Plthite blood cell count (WBC) and
white blood cell differential count (segmented mephils, eosinophils, lymphocytes and
monocytes).

Serum creatinine, urea, aspartate aminotransfer@&8T) and alanine
aminotransferase (ALT) were determined enzymaticallsing specific kits by
measurement of the optical density of the reactmoducts at the corresponding
wavelength with a spectrophotometer (BioSystems-BI& photometer). After 30 days
the animals were sacrificed and the organs (kidnlegart, liver, spleen and lungs) were
collected. The selected organs were removed, magpaslly analyzed.fixed and
preserved in 10% formalin for histopathological lgsis. The tissues were soaked in
paraffin, and prepared and stained with haematoxgind eosin for microscopic

examination.

Efficacy test on mice intestinal nematodes

Twenty-four albino Swiss mice with natural inteslimematode infections were
allocated in standard polypropylene cages (40 cB4 xm x 17 cm). Every week, feces
were collected from cages to determine the infectevel of Syphacia obvelataand
Aspiculuris tetrapteraccording to the method of Willis (1927).

The mice were randomly distributed into three go(p= 8) and treated by gavage
over a period of five days with the following preggons: G1 — water (negative control);
G2 — 0.56 mg Kg fenbendazole; G3 — 500 mg k&SEO. Seven days after the first-day
treatment, mice were sacrificed and submitted twapsy for parasite recovery. The large
intestine of each animal was opened into a Petsh dnd examined under a stereoscopic

microscope in order to collect the parasites. Neded recovered were placed into glass
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containers and fixed in AFA solution (alcohol +rfwl + acetic acid). They were then

counted and identified under a microscope.

Fecal egg count reduction test (FECRT)

Thirty goats from both sexes, aged from 12 to 1&tm®and 30 kg average weight,
were obtained from the EMBRAPA farm in the Sobralmeipality. This is a semi-arid
region of northeastern Brazil. Goats were kept audowcks and fed with fresh grass,
mineral salt and watexd libitum,from May to September 2008.

Individual fecal samples were collected to detesmine level of gastrointestinal
nematode infection using a modified McMaster teghai (Ueno and Goncgalves, 1998).
The animals with egg counts per gram of feces (&g33) than 1000 were inoculated with a
single dose of 15061. contortusL3. After 21 days, another epg analysis was ocdroet
and goats were divided into three homogeneous gr@upan epg of the group 6000) (n =
10). Each group was administered the followingttremts: G1- untreated animals; G2 —
0.2 mg kg ivermectin; G3 — 500 mg KgESEO. Fecal samples from each animal were
collected on treatment day 0 and on days 8, 152&@ngdost-treatment to determine epg.
Coprocultures were performed with feces using trethiod of Roberts and O’Sullivan
(1950).

Statistical analysis

The results of thén vitro tests are expressed as mean efficacy percentagggof
hatching or larval development inhibition + stardi@rror. The analysis was performed
using ANOVA and compared by Tukey’s te§<(Q.05) using the Graph Pad Prism 3.0
program. The effective concentration to inhibit 5q&®C50) egg hatching and larval
development were determined by probit method uSiR§S 8.0 for Windows.

The lethal doses required to kill 50% (LD50) and6l@LD10) of mice were
calculated for each administration route used enabute toxicity study by probit method
using SPSS 8.0 for Windows.

The results of subacute toxicity were analyzed BYONWA and compared by
Tukey'’s test P<0.05) using the Graph Pad Prism 3.0 program.

Efficacy of ESEO in treatment of intestinal micemaodes was calculated by the

following formula: (worm burden of negative contrgfoup — worm burden of treated
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group) / worm burden of negative control group X010he results were analyzed by
ANOVA and compared by Kruskal-Wallis ted20.05) using the Graph Pad Prism 3.0
program.

FECRT efficacy was calculated according to Colesalet(1992).Results were

analyzed using ANOVA and Kruskal-Wallis test witthSignificance level.

Results

Mean efficacy percentage of egg hatching and ladeaklopment tests using ESEO
are presented in table 1. The EC50 for egg hatohig0.324 mg nmit.and the EC50 for
larval development was 1.702 mg hIESEO treatment presented a dose-dependent effect
on inhibition ofH. contortusegg hatching and larval development.

The LD10 and LD50 for orally administered ESEO adted in the acute toxicity
study were 2675.04 (0.20- 3457.78) and 4112.94435138966.74) mg khrespectively.

The intraperitoneal administration of 600 mg'EgEO killed all mice, and the LD10 and
LD50 were 299.04 (199.83-348.84) and 408.95 (3526887) mg kg, respectively.

Table 1. Mean percentage efficacy + standard efr&ucalyptus staigerianassential oil

on Haemonchus contortuegg hatching (EHT) and larval development (LDT).

Concentrationgmg mL?) EHT LDT

5.4 - 99.26+ 1.22A
2.7 - 59.54 + 10.7B
1.35 99.27+ 1.09A 32.15+ 13.5C
0.67 92,64 £ 4.94A 19.46 £5.4D
0.33 41.54 + 9.95B 4.26 £7.29D
0.16 8.24 + 3.36C -

0.08 6.46 £ 1.76C -
Tween 80 (3%) 3.44 £ 0.44C 3.5x0.57D
Positive Control * 86.69 + 2.5A 99.81 + 0.1A

Letters compare means in the lines. Different tetiedicate significantly different values
(P < 0.05). * Positive control for EHT was 0.025 md.Tnthiabendazole and for LDT
0.008 mg mL*ivermectin
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The results obtained in the subacute toxicity ststhrting with hematological
analyses of mice treated with. staigerianaessential oil are presented in table 2. The
parameters affected by treatment were: CTH, HtldbdThe values of these parameters
were significantly smaller on the 30th day in mimEated withE. staigerianan relation to
the control P<0.05). Other hematological parameters did notedifftatistically among

studied groups.

Table 2. Effect of 300 mg K Eucalyptus staigerianaessential oil (mean+SE) on
hematological parameters on rats (n=10) treateithgl30 days.

Parameters Control group Treated group
Day O Day 30 Day 0 Day 30

White blood cell (x1&mm’~) 9.38+0.5% 9.16+0.42 9.12+0.54 8.94+0.43
Red blood cell (x10mm?) 7.58+0.26° 7.89+0.17 7.08+0.12° 6.87+0.34
Hemoglobin concentration (g/dl) 14.30+0°17 14.53+0.18 13.78+0.1% 13.07+0.54
Hematocrit (%) 44.39+0.73  46.30+0.68 43.12+0.46° 42.14+1.94
Platelets (le)mm's) 881.20+49.09 848.40+46.75  836.40+41.97 892.4+ 558
Segmented leukocyte (%) 14.33+704 21.11+1.23 16.50+ 1.88 21.90+ 4.99
Lymphocyte (%) 81.89+1.85 73.78+1.48 78.00+2.08 72.3045.00
Eosinophilic leukocyte (%) 0.77+0.32 1.11+0.48 1.70+0.86 1.10+0.3%1
Monocyte (%) 3.44+0.29 4.33+0,55 3.70 £ 0.44 4.00 + 0.58
Mean corpuscular volume (FL) 58.70+0792 58.80+0.68 60.95 +0.82 61.45+0.61

Mean corpuscular hemoglobin (pg) 18.93+0.37 18.46+0.22 19.47+0.31 19.1+0.28
Mean corpuscular hemoglobin 32.23+0.24  31.40+0.1¢° 31.97+0.2¢° 31.06+0.3%
concentration (g/dl)

Small letters compare mean in the columns. Diffeletters indicate significantly

different values (P < 0.05).

Table 3 presents the biochemical parameters arthfgzdreated animald?£0.05).
We found no significant difference in body weightavygan morphology between treated

and control groups.

Table 3. Effect of 300 mg KgEucalyptus staigerianassential oil (mean + SE) on
biochemical parameters of rats (n=10) treated dusthdays.

Parameters Control group Treated group

Day 0 Day 30 Day 0 Day 30
AST (UI/) 99.11+3.80 58.8+3.986  87.00+5.38° 78.70+14.4%
ALT (UI/l) 46.00 +2.97 25.2242.48  45.90+2.68 40.00+11.8
Urea (mg/dL) 59.67+1.53 44.73+2.07  60.30+2.61 53.44+4 92
Creatinine (mg/dL) 0.63+0.602 0.41+0.02 0.66+0.01 0.43+0.03

Letters compare mean in the columns. Differentetsttindicate significantly different
values(P < 0.05).
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Gas chromatography analysis indicated the follownogstituents of ESEQu-
pinene (3.27%)B-pinene (2.15%)p-myrcene (0.89%)-phellandrene (1.89%), o-cymene
(1.76%), (+)-limonene (28.82%), Eucalyptol (5.39%terpinene (1.74%)y -terpinolen
(9.4%), B-linalool (1.67%), pB-citronellal (0.8%), 4-terpineol (1.16%), alphapereol
(1.07%), cis-geraniol (1,95%), Z-citral (10.77%grts-geraniol (4.2%), E-citral (14.16%),
methyl geranate (3.66%), nerol acetate (1.4%) andrgol acetate (3.86%).

The effects of ESEO on nematodes in mice are pteden table 4. The nematode
species recovered from the mice wArdetrapteraandS. obvelataAdministration of 500
mg kg' ESEO resulted in 85% reduction of worm burden, lsind febendazole which has
an efficacy of 88.4%.

Table 4. Mean efficacy+SE) of Eucalyptus staigerian@ssential oil and febendazole
based in worm burden reduction of mice intestimathatodes

Treatment % Efficacy + SE
E. staigeriang500 mg k@) 86.31+ 6.19A
Tween 80 (3%) 18.45+ 7.28B
Febendazole (0.56 mg Ry 88.14+ 6.78A

Letters compare mean in the lines. Different Istiadicate significantly different values
(P <0.05).
Fecal egg count reduction after treatment with Es&afled from 33.33% to 59.6%
at 8 and 15 days post-treatment. Ivermectin vanech 53.5% to 0% in the same period
(table 5).Trichostrongylusspp was the main genus identified in coprocultdres all

tested groups.
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Table 5. Mean efficacy and epSE) ofEucalyptus staigerianassential oil and
ivermectin based in fecal egg count reductionitegbats.

Treatment
Day 0 Day 8 Day 15 Day 22
E. staigeriana500 mg kg)
Mean epg 6100+475.9A  1580+274.1R  2020+247.1R  1410+325.4R
Efficacy (%) - 33.33 59.60 54.51
Ivermectin (0.2 mg K9
Mean epg 5280+1343A 1100+£187.4R 523011478  1640+415.9R
Efficacy (%) - 53.50 00.00 47.09
Water
Mean epg 3550+732.2A  2370+478A%  5000+647.48  3100+734.8A

Capital letters compare mean in the lines and siet#drs compare mean in the columns.
Different letters indicate significantly differemalues P < 0.05).

Discussion

Medicinal plants have been used in the treatmentagbus ailments throughout
human history. It is important to determine therappate use of medicinal plants through
scientific validation. Testing should be performex traditional treatments in order to
confirm the effectiveness, as well as to deternthre safety in live organisms (Matos,
1995).

Eucalyptus essential oil is a complex mixture ohwanber of volatile organics
component (Salgado et al., 2003). In this studg, ¢bnstituents of the active oil were
identified. ESEO is composed by 20 different sutsta. Our results report the
predominance of limonene and citral. Some studs&® meported possible activity of citral
and limonene on insects (Prates 1998; Lee et 8B;20ang et al., 2005). Citral was also
shown to have antifungal activity (Yamasaki et a007), antibacterial activity (Fisher et
al., 2007), and activity against the phytonematod&ssaphelenchus xylophilus,
Meloidogyne incognitdBauske et al., 1994; Choi et al., 2007) and #mede ofAnisakis
simplex(Hiero et al., 2006).

In this study, the ESEO presented activity agatistcontortus and effectively
targeted eggs and larval development of the parabite results obtained in vitro tests
are superior to other plants tested previouslyds shown that 12.5 and 50 mg ™af
Melia azedarachtdeaf ethanol extract inhibited 98.24% egg hatchang 91.64% larval
development respectively (Maciel et al., 2006Azadirachta indicaethanol extract
inhibited 97% egg hatching and 87.11% larval dgwelent at concentrations of 3.12 e 50

mg mL* (Costa et al., 2008)Cocos nuciferaethyl acetate extract at concentrations of 5
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and 80 mg mL inhibited 100% and 97.7% egg hatching and larvaletiment,
respectively (Oliveira et al., 2009).

The promising results obtainemh vitro tests with ESEO were followed by
toxicological studies in order to determine theesaimargin and to study the effects of
ESEO on live organisms. In the present wdtk staigerianaessential oil had high LD50
values when orally administered, and showed lowteatoxicity. By convention, any
substance having an LD50 value equal to 1000 m{ wdnen administered by the oral
route is regarded as being safe or of low toxi¢@arke and Clarke, 1977). We did not
observe similar results when ESEO was administéredhe intraperitoneal route. The
difference observed between the LD50 values in awad intraperitoneal routes of
administration may be explained by the fact thal @dministration results in lower
absorption of the substance through the gastrdingtdract. Alternatively, the substance
may be detoxified during liver passage after omhnimistration, while intraperitoneal
absorption is systemic and toxic effects are sastef and with more intensity (Loomis
and Hayes, 1996). The high LD50 values obtainedcate that ESEO can be safely
administered orally.

In the subacute toxicity study, the treated grotgsented significant reduction of
the hematological parameters CTH, Ht and Hb. Howéwvese values dropped within the
normal limits (Mitruka and Rawnsley, 1977; Fereslet 2006) and results are considered
normal for this animal species. Biochemical evatimais important because kidney and
liver toxicity have been reported following the wusfephytotherapeutic products (Hilaly et
al., 2004, Isnard et al., 2004; Saad et al., 2006he present study, significant alterations
of the levels of AST/ALT, urea and creatinine wen®t observed with ESEO
administration. This result indicates that kidney &epatic functions were preserved.

The accompaniment of increased mouse corporal reassimportant indicator of
the toxicity of a substance (Teo et al., 2002). Taok of statistical difference among the
weights of mice in the various treatment groupsnsther parameter that indicates low
toxicity of ESEO. Thus, our results suggest thaE@gproduced no toxicity during the
treatment period.

We performed an anthelmintic test in mice in order estimate a dose for
therapeutic use in the target species. We foundaslaO anthelmintic activity is similar to

febendazole, which was used as a positive confit@. efficacy of a plant preparation can
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be considered biologically significant when a redac in worm burden is above 70%
(Gitriori et al., 2003). Another study using micaturally infected withS. obvelatandA.
tetrapterg found that 800 mg kyLippia sidoidesand Croton zehntneriessentials oils
were respectively 46% and 11% effective at redueingn burden (Camurga-Vasconcelos
et al., 2007)Mentha longifoliaand Jasminum fruticanextracts at a dose of 100 mg kg
were over 60% effective (Kozan et al., 2006) &ushica granatumand Syzygium cuminii
extracts at a dose of 240 mg Kgvere respectively 67% and 78% effective (Michein
al.,, 2005). The use of this model of activity ewian is recommended to obtain
trustworthy and reproducible results (Kozan et 2006). One disadvantage the target
species are nematodes from gastrointestinal tfasinall ruminants and mice nematodes
have as habitat large intestine. Nonetheless,ntedffectiveness against nematodes in
mice is useful for dose extrapolation in the taggedcies.

The high efficacy of ESEO toward mice nematodeswa#l as its low cost,
prompted us to test ESEO on goat gastrointestie@atodes. FECRT is the recommended
method forin vivo evaluation of plant anthelmintic activity and soaxtracts have already
yielded encouraging result&haya senegalensis, Calotropis proceaad Hilderbrantia
sepalosapromoted epg reductions of 71%; 88.4% and 90%eds/ely (Ademola et al.,
2004; Gathuma et al., 2004; Igbal et al., 2005jtelbent efficacies obtained for mice and
goat nematodes can be explained by different digion and biotransformation
mechanisms dE. staigerianaessential oil in the two animal species.

The high prevalence dfrichostrongylussppin goats can probably be attributed to
the use of selective treatment like FAMACHA, whiidtuses on the managementHbf
contortus infections in sheep and goats, based on the alindentification of anemia
(Jackson and Miller, 2006).

However, in the majority of cases, the anthelmirgativity of plants has been
found to be lower than that reported for synthatithelmintics. Although this might not
necessarily be a problem, criteria should be astadd in order to evaluate whether the
anthelmintic activity is adequate to ensure thatafs do not compromise their health and
growth as a result of parasitism (Githiori et @D06). Plants with moderate anthelmintic
activity should still be considered. While they magt be useful as a sole alternative to
anthelmintic drugs, they may still be valuable ad pf an integrated approach specifically

designed to achieve sustainable parasite contmlrmnant production systems. The role
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of plants in extending the use and increasing a&ffroof commercial existing anthelmintics
should be explored, particularly in plants that Imilgelp in reversing resistance (Githiori et
al., 2006).

The low epg reduction obtained with ivermectin ogades the presence of resistant
nematodes. This is a common situation in Brazil askwhere (Melo et al., 1998;
Schnyder et al., 2005; Camurca-Vasconcelos et2@D8). The use oE. staigeriana
essential oil would be justified even with effeetness less than 95%, especially in
situations where the synthetic anthelmintic was me@iommended, such as on organic

farms, in milk-producing animals, or when the destot compensatory.

Conclusion

E. staigerianaessential oil was showin vitro andin vivo to possess anthelmintic
activity at the concentrations and dose levelstesiowever, its efficacy does not reach
the therapeutically requiredevel of synthetic anthelmintics. Classes of seeond
metabolites found in the current experiment are swmred sources of chemical
components responsible for a wide range of thetapeagtivities in several medicinal

plants. Further investigation of isolated fracti@tslifferent dose levels should be pursued.
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EVALUATION OF Eucalyptus citriodora ESSENTIAL OIL ON GOAT
GASTROINTESTINAL NEMATODES

Resumo

Fitoterapia € uma das estratégias alternativas pareontrole de parasitas
gastrintestinais. Este estudo avaliou a eficacitrhetmintica e a toxicidade do oleo
essencial deEucalyptus citriodora (OEEC). Os efeitos in vitro do OEEC foram
determinados através do teste de eclosdo de andsigiio do desenvolvimento larvar de
Haemonchus contortudla toxicidade aguda camundongos receberam diérelvses de
OEEC através das vias oral e intraperitoneal &/iq.) para calcular a dose letal para 50%
dos camundongos. Na toxicidade subaguda, ratobeera 400mg K§ OEEC v.o.
durante 30 dias. Foram administrados 500 e 100&giigOEEC v.o. durante cinco dias
para avaliar o efeito sobre nematdides intestib@isamundongos. Foi realizado o teste de
reducdo da contagem de ovos nas fezes (FECRT) awsg#haaprinos infectados com
nematoides gastrintestinais divididos nos seguigtepos: Grupo 1- 500mg RgOEEC;
Grupo 2- 0,2 mg Kgivermectina e Grupo 3-controle n&o tratado. Anasstte fezes foram
coletadas de cada animal para determinar opg rass 8i 15 e 22 poés-tratamento. Os
resultados mostraram que 5,3 e 10,6 mg'n@EEC inibiram em 98,8% e 99,71% a
ecloséo de ovos e o desenvolvimento larvar de htodwis, respectivamente. As DL50 da
toxicidade aguda foram 4153 e 622,8 mg'kgela via oral e intraperitoneal,
respectivamente. Na toxicidade subaguda, todos asametros bioquimicos e
hematolégicos encontrados estavam dentro da variagémal. Analise hirtopatologica
dos 6rgdos ndo apresentou alteracdes. Na condemiiac1000 mg kG o éleo essencial
foi efetivo em 82,74% contr&yphacia obvelata Aspiculuris tetraptera parasitos de
camundongos. No FECRT, a eficacia de OEEC e ivdim@gedoi de 58% e 0%,
respectivamente, em caprinos 15 dias apds o tratam@leo essencial de. citriodora

mostrou atividade anti-helminti¢a vitro ein vivo.

Palavras-chave: Fitoterapia, anti-helmintieaemonchus contotus, Trichostrongykpp,
toxicidade.
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Abstract

Phytotherapy can be an alternative strategy forctir@rol of gastrointestinal parasites.
This study evaluated the anthelmintic efficacy aodicity of Eucalyptus citriodora
essential oil (ECEO). Thén vitro effects of ECEO were determined through the egg
hatching test and larval development inhibitionHdemonchus contortudn the acute
toxicity test, mice received different doses ©f citriodora essential oil by oral and
intraperitoneal routes (vo and ip) to calculate l#tbal dose for 50% of the mice. In the
subacute toxicity test, rats received 400mg EgEO vo during 30 days. 500 and 1000 mg
kg ECEO were administrated orally for five days taleate its effect on mice intestinal
nematodes. The fecal egg reduction count test (HBGQRas performed using 30 goats
infected with gastrointestinal nematodes, divida igroups as follows: Group 1:500 mg
kg ECEO, Group 2: 0.2 mg Kiyermectin, and Group 3: untreated control. Feaaisies
were collected from each animal to determine e®) &b and 22 days after treatment. The
results showed that 5.3 and 10.6 mg mECEO inhibited 98.8% and 99.71% bff
contortusegg hatching and larval development respectivehe LD50 levels for acute
toxicity were 4.153 and 622.8 mg kgiven orally and intraperitoneally, respectivelly.
the subacute toxicity test, all biochemical and aeogical parameters were found to be
in the normal range. Histopathological analysi®ofans did not present alterations. At a
concentration of 1000 mg Kg essential oil was 82.74% effective against theemi
parasitesSyphacia obvelataand Aspiculuris tetrapteraln the FECRT, the efficacy of
EcEO and ivermectin was 58% and 0% respectivelygaat gastrointestinal nematodes 15
days after treatmenk. citriodora essential oil showeth vitro andin vivo anthelmintic

activity.

Keywords: Phytotherapy, anthelmintiddaemonchus contortusTrichostrongylusspp

toxicity.
Introduction
Gastrointestinal nematode infections are a magatof reducing the economic

productivity of livestock throughout the world (i@, 2008). These parasites are

responsible for severe weight loss, diarrhea, aa@md early mortality, all of which cause
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production losses, especially in small ruminantsiefD et al., 2004). Synthetic
anthelmintics have been used to minimize the lossesed by helminth infections.
However, intensive use has led to the global enmexgeof multiple resistance to
anthelmintic drugs in small ruminant nematodesksae and Miller, 2006). Therefore, the
search for new nematocidal substances remain®#tyriGeary et al., 1999). Substances
produced from plants may represent an alternativeontrol gastrointestinal nematodes,
since they have the advantage of sustainable sa@mgplyare ecologically acceptable (Costa
et al., 2008). The use of medicinal plants has breported in treating various ailments,
increasing interest in ethnomedical and ethnovedeyicures (Bizimenyera, 2006).

Eucalyptus citriodora(Myrtaceae) is a plant native to Australia, andwislely
cultivated around the world. It is the most comnspecies used in Brazil for extraction of
essential oil (Hasegawa et al., 2008). Hot watdraets of dried leaves dtucalyptus
citriodora are traditionally used as analgesic, anti-inflanongtand antipyretic remedies
for the symptoms of respiratory infections, suctcalsls, flue and sinus congestion (Silva
et al., 2003). The essential oil from the leavepusported to have multiple medicinal
applications, including use as anti-fungal andkadierial agents (Cimanga et al., 2002;
Ramezani et al., 2002; Bonaldo et al., 2007). Thaee also reports demonstrating its
activity against the ticlBoophilus microplugChagas et al., 2002), Coleopteros such as
Acanthoscelides obtectyMazzonetto and Vendamim, 200@abrotes subfasciatuand
Callosobruchus maculatugBrito et al.,, 2006), and against the phytonematode
Meloidogyne incognitaRandey et al., 2000).

The aim of this study was to evaluate the poterdiathelmintic effect ofE.

citriodora essential oil on goat gastrointestinal nematodes.

Materials and Methods
Essential oil obtention

Eucalyptus citriodoraessential oil (ECEO) was purchased from Dierbefgieos
Essenciais Ltda. To increase the aqueous solylitigyoil was diluted in 3% Tween 80.

Chemical analysis
The chemical composition of the ECEO used in thislys was determined by gas

chromatography (GC) and mass spectrometry (MS). diheas analyzed on a Velocity
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XPT using the following experimental conditions: BBs fused silica capillary column -
carrier gas — hydrogen; injector temperature — €5Qfetector temperature — 250°C;
column temperature — 50°C (6 min), 500-200°C, &/8fin. The samples were analyzed
by GC-MS in a QP2010, with impact electronic inattd V. The identification of the
constituents was performed by a computer-basedriilsearch, as well as retention indices

and visual interpretation of the mass spectra.

Egg hatching test

The egg hatching test was performed based on thigon@ogy described by Coles
et al. (1992). Sheep experimentally infected withcontortuswere used as a source of
fresh eggs of this parasitél. contortus ggs were recoveredccording to Hubert and
Kerboeuf (1992). Briefly, 10 g of feces collectededtly from the rectum, were mixed
with distilled water and filtered through 590, 1491 and 30 um mesh sieves. 2B6®f
egg suspension, containing approximately 100 freghys, and 25Qul of ECEO at
concentrations of 0.33, 0.66, 1.32, 2.65 and 5.3mhywere incubated for 48 h at room
temperature. After this time, drops of Lugol wedded. The eggs and first larval stage
(L1) were counted under a microscope. This testthadcontrols: a negative containing
the diluent (3% Tween 80) and a positive contrd)26 mg mif* of thiabendazole. Three
repetitions with five replicates for eaéh citriodora essential oil concentration and for

each control were performed.

Larval development test
An aliquot of egg suspension obtained accordingltbert and Kerboeuf1992)

was incubated for 24 h at 37°C to obtain the Lle Tdrval development test (LDT) was
performed using 1 ml of larval suspension contgjrapproximately 250 L1, and 1 ml of
ECEO at concentrations of 0.66, 1.32, 2.65, 5.3 Hhé mg mt, incubated with 2 g of
feces from a nematode-free sheep for 6 days at teomperature. Then the third-stage
larvae (L3) were recovered according to Roberts@i&lillivan (1950) and counted under
a microscope. This test had two controls, a negatith 3% Tween 80 and a positive with
0.008 mg nif ivermectin. Three repetitions with five replicafes each oil concentration

and for each control were conducted.
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Toxicity tests

The care and handling of the animals were in aerae with the internationally
accepted standard guidelines for use of animald,the protocol was approved by the
Ethics Committee of Cearé State University (numb8832518-2).

Acute toxicity in mice

Swiss albino mice (n=96) of both sexes, with averagight of 27.5g, were kept in
polypropylene boxes and fed with commercial feed waterad libitum The mice were
randomly divided into 12 groups (n = 8): G1 to GEeeeived 2000, 3000, 4000, 5000 and
6000 mg ki ECEO by oral administration; G6 — 3% Tween 80 iy $ame route; G7 to
G11 — 300, 400, 500, 600, and 700 mg' lELEO by intraperitoneal administration; and
G12 - 3% Tween 80 by intraperitoneal administratibhe animals were observed for
general behavioral changes, signs of toxicity awodtatity for 6 h after treatment. After 24
h, the total number of dead animals was verified Hre lethal doses were calculated
(LD10 and LD50).

Subacute toxicity in rats

Female Wistar albino rats weighing 190-260g wexesled in polypropylene cages
and fed with commercial feed and wasat libitum The animals were randomly divided
into two groups (n=10). Group | received the doseesponding to ECEO LD10 obtained
in the acute toxicity study and group II, the cohtreceived only the vehicle (3% Tween
80). The treatments were administered daily by gavar 30 days. Toxic manifestations
and mortality were monitored daily. At the end bé t30-day period, the body weights
were recorded. Blood samples were obtained by-wetyital puncture under diethyl ether
anesthesia for hematological and biochemical arslga day zero and again at the end of
the experiment. The hematological parameters aedly#re red blood cell count (RBC),
hemoglobin concentration (Hb), hematocrit (Ht), mearpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscular hgdolown concentration (MCHC),
platelets (PIt), white blood cell count (WBC) andhite blood cell differential count
(segmented neutrophils, eosinophils, lymphocytesmaonocytes).

Serum creatinine, urea, aspartate aminotransfer@&8T) and alanine

aminotransferase (ALT) were determined enzymaticallsing specific kits by
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measurement of the optical density of the reactmoducts at the corresponding
wavelength with a spectrophotometer (BioSystems-BI& photometer). After 30 days
the animals were sacrificed and the organs, kidnlegart, liver, spleen and lungs were
collected. The selected organs were removed, magpaslly analyzed.fixed and

preserved in 10% formalin for histopathological Igsis. The tissues were soaked in
paraffin and prepared and stained with haematoxgimd eosin for microscopic

examination.

Efficacy test on mouse intestinal nematodes

Thirty -two Swiss albino mice with natural intestinnematode infections were
allocated in standard polypropylene cages (40 cB4 xm x 17 cm). Every week, feces
were collected from the cages to determine theciitfie level of Syphacia obvelatand
Aspiculuris tetrapteraaccording to the method of Willis (1927).

The mice were randomly distributed into four grogps= 8) and treated by gavage
during five days with the following preparationsl & water (negative control); G2 — 0.56
mg kg* fenbendazole; G3 — 500 mg kdfcEO; G4 — 1000 mg KgECEO. Seven days
after treatment, the mice were sacrificed and stibthto necropsy for parasite recovery.
The large intestine of each animal was opened anfetri dish and examined under a
stereoscopic microscope in order to collect theagts. The nematodes recovered were
placed in glass containers and fixed in AFA solut{@alcohol + formol + acetic acid),

counted and identified under a microscope.

Fecal egg count reduction test (FECRT)

Thirty goats of both sexes, aged from 12 to 16 m®r#nd weighing 30 kg on
average, from the Embrapa research farm in Sobuaigipality, a semi-arid region of
northeastern Brazil, were kept in paddocks andnfighl fresh grass, mineral salt and water
ad libitum,from May to September 2008.

Individual fecal samples were collected to detesmine level of gastrointestinal
nematode infection using a modified McMaster teghai (Ueno and Goncgalves, 1998).
The goats were inoculated with a single dose oDH0contortusL3 when the egg count
per gram of feces (epg) was less than 1000. Afteda¥'s, another epg analysis was carried

out and the goats were divided into three homogengooups (mean group epg of 6000)
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(n = 10). Each group was administered the followtregitments: G1 — untreated animals;
G2 — 0.2 mg kg ivermectin; and G3 — 500 mg kgEcEO. Fecal samples from each
animal were collected on treatment day O and ors dyl5 and 22 post-treatment to
determine the epg. Coprocultures were performedrdowy to the method of Roberts and
O’Sullivan (1950).

Statistical analysis

The results of then vitro tests were expressed as mean percentage of egdgnigat
or larval development inhibition + standard errdhe analysis was performed using
ANOVA and compared by the Tukey te$<(.05) using the Graph Pad Prism program.
The effective concentrations to inhibit 50% (EC56) egg hatching and larval
development were determined by the probit methathuSPSS 8.0 for Windows.

The lethal doses required to kill 50% (DL50) andal(DL10) of the mice were
calculated for each administration route from tbeta toxicity study by the probit method
using SPSS 8.0 for Windows.

The subacute toxicity results were analyzed by AMO&d compared by the
Tukey test P<0.05) using the Graph Pad Prism 3.0 program.

The efficacy of ESEO on mouse intestinal nematodes calculated by the
following formula: (worm burden of negative contrgtoup - worm burden of treated
group) / worm burden of negative control group X010he results were analyzed by
ANOVA and compared by the Kruskal-Wallis teBk(.05) using the Graph Pad Prism 3.0
program.

The FECRT efficacy was calculated according to €aeal. (1992)The results
were analyzed using ANOVA and the Kruskall-Walbstt £<0.05).

Results

Egg hatching and larval development inhibition wel@se dependent. Table 1
shows the mean efficacy according to the egg hagchnd larval development tests using
EcEO. The EC50 for egg hatching and larval devekpmninhibition were 1.14 (0.67 —
2.01) mg mf and 2.71 (2.00 — 3.69) mg Mirespectively.
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Table 1. Mean percentage efficacy + standard efr&ucalyptus citriodoraessential oibn

Haemonchus contortuegg hatching (EHT) and larval development (LDT).

Concentrations (mg 1) EHT LDT

10.6 - 99.71 £ 0.11A
53 98.8 £ 0.43A 87.92 £1.90B
2.65 97.78 £ 0.40AE 46.93 + 2.14C
1.32 48.72 + 3.26B 7.08 £ 1.68D
0.66 14.31 £ 0.99C 3.35+ 1.32D
0.33 7.78+ 1.08D -

Tween 80 (3%) 3.12 + 0.45D 3.5+ 0.57D
Positive Control* 92.7 + 1.28E 99.81 £+ 0.1A

Capital letters compare means in the lines. Diffetetters indicate significantly different valu@s
< 0.05). * Positive control for EHT was 0.025 mgrthiabendazole and for LDT 0.008 mg™ml
ivermectin

Table 2 shows the subacute toxicity results obthifrem the hematological
analyses of mice treated wikh citriodora essential oil. The WBC differed statistically in
relation to the controlR<0.05) and its values were highest for mice treatdith E.

citriodora on the 3¢' day.

Table 2. Mean + SE of hematological parametersas(n=10) treated with 400 mgkg
Eucalyptus citriodoraessential oil over 30 days.

Parameters Control group Treated group
Day 0 Day 30 Day O Day 30
White blood cell (x1&mm?~) 9.38+0.5%° 9.16+0.42° 8.44+0.58  11.20+0.6%
Red blood cell (x10mm) 7.58+0.20 7.89+0.17 7.18+0.19 7.59+0.18
Hemoglobin concentration (g/dl) 14.30+0°17 14.53+0.18 13.93+0.12  14.33#0.12
Hematocrit (%) 44.39+0.73 46.30+0.68 43.24+0.56 44.87+0.48
Platelets (le)mm's) 881.20+49.09 848.40+46.75 798.4+49.78 849.3+51.8
Segmented leukocyte (%) 14.33+2.04 21.11+1.23 16.90+ 1.38 19.00+ 1.63
Lymphocyte (%) 81.89+1.85  73.78+1.48  78.60+1.70  76.40+1.42
Eosinophilic leukocyte (%) 0.77+0.32 1.11+0.48 0.70+0.30 0.20+0.18
Monocyte (%) 3.44+0.29 4.33+0,55 3.60+0.78 4.40+0.52
Mean corpuscular volume (FL) 58.70+0°92 58.80+0.68 60.39+1.02 59.2+0.70
Mean corpuscular hemoglobin (pg) 18.93+0.37 18.46%0.22 19.46+0.37  18.92+0.28
Mean corpuscular hemoglobin 32.23+0.24 31.40+0.19 32.22+0.16  31.93+0.12

concentration (g/dl)
Letters compare mean in the columns. Differenetstindicate significantly different
values (P < 0.05).
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In the acute toxicity tests, the LD10 and LD50 aoidted for oral administration
were 2609 (689.7 — 3466.4) and 4153.2 (2861.8 9.234ng kd', respectively. In the test
with intraperitoneal administration, LD10 and LD&@re 478.3 (439.8 — 505) and 622.8
(603.3 — 645.5) mg kg respectively.

The biochemical parameters for subacute toxicigy presented in table 3. All
parameters showed no significant alterations beivibe treated and control groups on
30" day. There was no significant difference betweentthated and control groups with
respect to the rats’ weight. There were no morpdiolalterations related to toxicity in the

organs analyzed.

Table 3. Effect (mean + SE) of 4@ucalyptus citriodoraessential oil on biochemical
parameters of rats (n=10) treated during 30 days.

Parameters Control group Treated group

Day O Day 30 Day O Day 30
AST (UIN) 99,11+3.80 58.8+3.98 101.1+4.18 67.00+3.54
ALT (UI/) 46.00 £2.92  25.22+2.48  45.00+2.38 25.30+1.68
Uréia (mg/dL) 59.67+1.53  44.73+2.07  61.70+2.40 48.72+2.28

Creatinine (mg/dL) 0.63+0.62  0.41+0.02 0.68+0.0f  0.48+0.0%
Small letters compare mean in the columns. Diffeletters indicate significantly different
values (P < 0.05).

The effects of ECEO on mouse nematodes are presentable 4. The efficacy of
dose of 500 mg K§ECEO was 69.64% on worm burden reduction and tfieaef/ of
febendazole was 88.09%.

Table 4. Mean efficacytSE) of Eucalyptus citriodoraessential oil and febendazole based
on worm burden reduction of mice intestinal nemagod

Treatment % Efficacy £ SE
E. citriodora (500 mg kg) 69.64+ 8.8A
E. citriodora (1000 mg k) 82.74+ 4.75A
Tween 80 (3%) 18.45+ 7.27B
Febendazole (0,56 mg Ry 88.09+ 5.54A

Capital letters compare mean in the lines. Diffetetters indicate significantly different
values (P < 0.05).
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The results obtained by gas chromatography indicatee following main
constituents and respective concentrations: betanpi (0.8%); beta-citronellol (2.39%);
(-)-isopulegol (6.46%); eucalyptol (0.66%); bet&ramellal (57.53%); isopulegol (3.45%);
beta-caryophyllene (1.04%); and citronellyl ace(@t&9%).

Table 5 present the results of the FECRT. On dpgsi-treatment, ECEQP€0.05)
and ivermectin #<0.05) reduced epg significantly. The maximum FEG#Eerved was
53.5% for ivermectin on day 8 and 58.24% for EcEOday 15. The larvae identified in
coprocultures wer&richostrongyluspp andHaemonchuspp.

Table 5. Mean efficacy and epg $E) of 500 mg kgEucalyptus citriodoraessential oil

and 0.2 mg kdivermectin based on fecal egg count reductionitegoats.
Tratamentos

Day O Day 8 Day 15 Day 22
E. citriodoraa
Mean epg 5266+475.9A 1777+274.1R 2088+247.1R 2188+325.4R
Efficacy (%) - 25.02 58.24 29.41
Ivermectin
Mean epg 528013434 1100+187.4R 5230+11478' 1640+415.9R
Efficacy (%) - 53.50 00.00 47.09
Water
Mean epg 3550+732.7A 2370+478A° 5000+647.4B 3100+734.8A

Capital letters compare mean in the lines and siet#drs compare mean in the columns.
Different letters indicate significantly differemalues (P < 0.05).

Discussion

We found no previous publications on the anthelimiactivity of the essential oil
of E. citriodoraon parasitic gastrointestinal nematodes. iihdtro model reported in this
study demonstrated the ovicidal and larvicidal @8eof essential oil oE. citriodora
againstH. contortus

The investigation of chemical compounds from ndtpraducts is important for the
development of new anthelmintic drugs, especiallywiew of the vast worldwide flora
(Assis et al., 2003). In this study, chemical asalyof ECEO identified eight substances
that can be responsible for the anthelmintic astiiound. In essential oils some

components have a higher concentration and are rk@@wmajor components. Our results
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show the predominance of citronellal. This main poment showed activity against
insects such as the housefly (Lee et al., 2003nisulagainst females, males and juveniles
of the phytonematodBursaphelenchus xylophil§€hoi et al., 2007).

EcEO inhibited egg hatching and larval developmanta low concentration
compared to other plants studied previously. Etlogtate extract dfocos nuciferaat 5
and 80 mg mt concentrations inhibited 100% and 97.7% of egghiag and larval
development (Oliveira et al., 2008). Ethyl acetax¢ract of Spigelia anthelmianhibited
83.8% of egg hatching and 83.1% of larval develapnae concentrations of 25 mg Tl
(Assis et al., 2003). Aqueous extracttafnona senegalendisaves inhibited 11.5% of egg
hatching at a concentration of 7.1 mgnghlawa et al., 2003).

Since then vitro tests presented good results, the essential @l suamitted to
toxicological studies to evaluate its effect andegiimate the dose on live organisms.
Substances with LD50 value of 1000 mg*Kuy the oral route are regarded as being safe
or of low toxicity (Clarke and Clarke, 1977). Ecip@sented low acute toxicity by the oral
route but LD50 by the intraperitoneal route washkig The difference observed between
LD50 values via oral and intraperitoneal administramay be explained by the fact that
in oral administration less of the substance i©died than from the gastrointestinal tract,
or the substance can become detoxified during lipassage, while intraperitoneal
absorption is systemic and the toxic effects aredypced faster and more intensely
(Loomis and Hayes, 1996). The high LD50 values iobth indicate that ECEO can be
administered with a high degree of safety.

The subacute toxicity of the treated group preskatsignificant increase of WBL,
however the values dropped within the normal linfitruka and Rawnsley, 1977; Feres
et al.,, 2006). In the present study, no significalierations were observed with ECEO
administration and the hepatic parameters (AST/ABhY creatinine and urea levels
indicate kidney and liver function was preservelisTwas also confirmed by the absence
of histopathological changes in all the organsyaeal.

Changes in body weights can indicate adverse $idet® Generally, weight loss is
a simple and sensitive index of toxicity after esyp@ to toxic substances (Teo et al.,
2002). The absence of statistical differences betwmouse weights in this study is
another parameter that indicates low toxicity oEBc This suggests that ECEO does not

produced toxicity in the treatment period.
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The anthelmintic activity of ECEO on mouse nemasod&s similar to that of
febendazole, used as positive control. It is gdlyecansidered that the efficacy of a plant
preparation is biologically significant when thedwetion in worm burden is above 70%
(Gitriori et al., 2003). In other studies using mitaturally infected witls. obvelatandA.
tetrapterg the effectiveness dfynnanthus fasciculatusas 57.2% (Amorim et al., 1987),
Chenopodiumambrosioideswas below 20% (Borba and Amorim, 2004) abgbpia
sidoidesand Croton zehntneressentials oils was 46% and 11%, respectively (Cgan
Vasconcelos et al., 2007). The use of mice as mddeévaluate anthelmintic activity is
recommended to obtain reliable and reproduciblali®¢Kozan et al., 2006). Even so, it
has the disadvantage that the target nematodeesp@tiabit the gastrointestinal tract of
small ruminants and mouse nematodes inhabit tlye lertestine. However, this test can
help researchers extrapolate the dose for thettapgeies.

In the goat coprocultures, there was a high prexal@fTrichostrongylusspp. This
may be explained by the intensive use of seledte@ment of animals by application of
FAMACHA system, which is focused on the managenwnitl. contortusinfections in
sheep and goats, based on the clinical identiinadf anemia in individual animals within
a flock (Reis, 2004).

The lack of efficacy detected in the field is sinito the results presented in other
works: 1 g kg of powdered rawAnanas comosukeaves reduced the epg by 15.3% on
13th day after administration (Hordegen et al.,208g kg' of crudeZingiber officinale
powder reduced the epg by 25.6% (Igbal et al., 0fxéd 0.90g kg of crude extract of
Coriandrum sativunmeduced the epg by 24.79% (Equale et al., 2007).

Two hypotheses can justify the different efficamlytained on mouse and goat
nematodes. It could be the treatment duration, y& da mice and 3 days in goats. Or it
could be a difference in the mechanism of distiduiand biotransformation of essential
oils in monogastric and polygastric animals. Thigywthe lower efficacy observed by
administering oil to goats could also be due todbstruction of active substances by the
ruminal flora and/or ruminal pH.

Ivermectin produced a small reduction of FEC, ¢ating the presence of resistant
nematodes, a common fact in northeastern Brazilesewhere (Schnyder et al., 2005;
Sargison et al., 2007; Kumsa and Abebe, 2008).uBeeof essential oil would be justified

even with effectiveness below 95% in situations mehgynthetic anthelmintics are not
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recommended, such as in organic breeding, dairdumtmn or when the cost is not
compensatory. Therefore, the alternative use aftplamay be a useful tool associated with
other methods to control gastrointestinal nematodéssmall ruminants (Camurca-
Vasconcelos et al., 2008).

Plants with moderate anthelmintic activity shosiifl be considered, perhaps not as
a total alternative to anthelmintic drugs, but ast pf an integrated approach specifically
designed to achieve sustainable parasite contmlrmnant production systems. The role
of plants in extending the use and increasing ffieaey of existing anthelmintics thus
warrants study (Githiori et al., 2006).

In conclusion, E. citriodora essential oil presented promising results, but the
efficacy did not reach the therapeutically requilexel. Further investigation of isolated
fractions, at different dose levels, should be peds
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9. CONCLUSOES

Os Oleos essenciais deucalyptus citriodora, E. staigerian@ E. globulus
apresentaram eficadia vitro, tanto ovicida como larvicida sobke contortus.

Com relacdo aos testesvivo, 0s Oleos. staigerianae E. citriodoraapresentaram
baixa eficacia anti-helmintica, sendo semelhanteggrapo controle tratado com anti-

helmintico sintético em se tratando de populacésistentes.
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10. PERSPECTIVAS

A partir desse trabalho surgem novas perspecipaaia a utilizacdo dos oleos
essenciais deEucalyptus, sendo necessarios novos estudos para encontras, dose
formulacdes e vias de administracdo que possinilpetencializar a sua atividade anti-

helminticain vivo.
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