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KATIKI, L.M. Atividade anti-helmintica in vitro e in vivo de compostos
fitoquimicos sobre nematoides gastrintestinais de ovinos. Botucatu, 2011. 135p. Tese
(doutorado) — Faculdade de Medicina Veterinaria e Zootecnia, Campus de Botucatu,

Universidade Estadual Paulista.

RESUMO

Os Oleos essenciais de Mentha piperita, Cymbopogon martinii e Cymbopogon
schoenanthus foram avaliados in vitro sobre tricostrongilideos de ovinos por meio dos
testes de eclodibilidade, do desenvolvimento, da inibicdo da alimentacdo e da
eliminacdo da cuticula larvar. Utilizou-se cromatografia gasosa acoplada ao
espetrdbmetro de massas para identificagdo dos constituintes dos Oleos. Os 6leos
apresentaram elevada atividade anti-helmintica avaliada pela comparacdo de CLso,
sendo o C. schoenanthus o mais ativo. Os mesmos 0leos foram testados em ratos Wistar
infectados artificialmente com o parasita intestinal Strongyloides venezuelensis nas
dosagens de 1,5 mL/kg e 2,3 mL/kg cada um. Os 6leos ndo apresentaram efeito anti-
helmintico significativo medido pela contagem de ovos nas fezes e contagem parasitaria
qguando comparado ao albendazol. C. schoenanthus foi o 6leo essencial que apresentou
melhor atividade anti-parasitaria in vitro sobre trichostrongilideos de ovinos, portanto,
sua atividade foi testada in vivo em cordeiros artificialmente infectados com
Haemonchus contortus nas dosagens de 0,2 e 0,4 mL/kg. A reducdo parasitaria (por
meio de de contagem de ovos nas fezes e contagem parasitaria) e a toxicidade (por meio
de de perfis bioguimicos renal e hepatico) foram avaliadas. O 6leo essencial de C.
schoenanthus ndo foi toxico nas dosagens utilizadas e embora ndo tenha propiciado
reducdo significativa no grau de infeccdo parasitaria, proporcionou maior valor de
hematdcrito e proteina sérica total. Além desse efeito, causou discreta reducdo no
desenvolvimento de larvas nas fezes. Uma metodologia aperfeigoada de teste in vitro
utilizando o nematoide de vida livre Caenorhabditis elegans, mantidos em cultura
liquida estéril, também foi descrito, assim como os testes de sensibilidade destes

nematoides aos principais solventes utilizados na preparacao dos extratos de plantas.

Palavras chaves: 0leo essencial, anti-helmintico, ovino, profilaxia, Cymbopogon

schoenanthus, Cymbopogon martinii, Mentha piperita
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KATIKI, L.M. In vitro and in vivo anthelmintic activity of phytochemical
compounds against sheep gastrointestinal nematodes. Botucatu, 2011. 135p. Tese
(doutorado) — Faculdade de Medicina Veterinaria e Zootecnia, Campus de Botucatu,

Universidade Estadual Paulista.
ABSTRACT

Mentha piperita, Cymbopogon martinii and Cymbopogon schoenanthus essential oils
were evaluated in vitro against sheep trichostrongylids through eclodibility assay, larval
development assay, larval feeding inhibition assay and larval exsheathment assay. Oils
were analysed by chromatography coupled to mass spectrometry. The oils presented
high anthelmintic activity by comparison of LCsg, being C .schoenanthus is the most
active. The oils were tested withWistar rats artificially infected with Strongyloides
venezuelensis at 1.5 mL/kg and 2.3 mL/kg. The essential oils didn’t present a significant
anthelmintic effect measured by fecal egg count and worm burden when compared to
albendazole. The oil of C. schoenanthus had the best anthelmintic activity against sheep
trichostrongylids and were evaluated in vivo in lambs artificially infected with
Haemonchus contortus at doses of 0.2 and 0.4 mL/kg. Its activity were evaluated by
fecal egg count and worm burden and the toxicity evaluated by kidney and liver profile.
C. schoenanthus did not show toxic effects at the doses tested and although without
significant reduction in parasite infection, it led to a higher packed cell volume and total
serum protein and small reduction in larval development in feces. An improved
methodology of in vitro test employing the free living nematode Caenorhabditis
elegans raised in sterile liquid medium was described as well the toxicity to the major

solvents used in preparation of plant extracts.

Key words: essential oil, anthelmintic, sheep, , prophylaxis, Cymbopogon martinii,

Cymbopogon schoenanthus, Mentha piperita



CAPITULO 1
1-INTRODUCAO

A ovinocultura no Brasil é uma atividade econdmica rural que estd em franca
ascensdo, sendo que, a producdo da carne é o principal objetivo desta producdo. Este
crescimento na atividade foi impulsionado pelos elevados precos pagos ao produtor na dltima
década, o que tornou a atividade atraente e rentavel. Atualmente, Brasil detém o 8° maior
rebanho de ovinos e caprinos no mundo. A maior concentragéo dos rebanhos est4 no nordeste,
contudo, Séo Paulo é o estado onde esta atividade econdmica mais cresce no pais (VIANA,
2008).

O maior problema sanitario encontrado nas criacBes de ovinos € a verminose. A
infeccdo por nematdides gastrointestinais é uma das principais causas de imparidade na
producdo de pequenos ruminantes, com o agravante de que esta doenga pode facilmente levar
ao Gbito. Haemonchus contortus é uma das espécies parasitarias mais importantes devido a
sua alta prevaléncia e patogenicidade. O tratamento dessas infecces parasitarias esta
geralmente baseado em controles estratégicos utilizando-se anti-helminticos. Contudo a
resisténcia das principais espécies de nematoides a essas substancias quimicas ¢ um fenémeno
disseminado devido a presenca de cepas emergentes com multiresisténcia, que podem resistir
a todos os anti-helminticos comercializados atualmente (HOUZANGBE-ADOTE et al.,
2005).

A existéncia de resisténcia anti-helmintica veio & tona nos meados de 1950 como
resultado da falha da fenotiazina ao controle da hemoncose num rebanho de ovinos mantido
em uma fazenda experimental do Kentucky, Estados Unidos. Atualmente encontram-se graus
variados de resisténcia em populagdes de nematddeos em diversas localidades do mundo. O
desenvolvimento da resisténcia anti-helmintica tem resultado em diminuicéo da produtividade
animal devido a pesada infec¢do. Considera-se resisténcia estabelecida quando uma droga
previamente eficaz torna-se incapaz de eliminar a populacéo parasitaria exposta nas dosagens
terapéuticas recomendadas (JABBAR, et al., 2006).

O aumento da prevaléncia de nematoides resistentes aos anti-helminticos tradicionais
tem sido a causa de diferentes programas de pesquisa que exploram medidas alternativas ao
controle parasitario. Na histéria da humanidade, as pastagens, as partes de plantas e os
extratos de plantas foram usados para combater o parasitismo. Em muitas partes do mundo, 0s

produtos naturais ainda sdo usados com este propdsito dado a continuidade do uso do



conhecimento tradicional ou também para evitar os elevados custos dos medicamentos de
formulagdo industrial. Muitas plantas com valor fitoterapéutico tém sido descritas e tém
demonstrado que algumas espécies podem reduzir o grau de infecgdo parasitaria em ovinos.
Dado o grande interesse em explorar a atividade anti-helmintica de plantas ou seus produtos é
compreensivel que também haja um crescente interesse em encontrar o melhor meio de
utilizar a sua bioatividade (JACKSON E GORDON, 2008).

A validacdo cientifica dos fitoterpicos é uma etapa obrigatoria para a utilizagdo
correta das plantas medicinais para fins comerciais. Deste modo, os testes in vitro permitem
avaliar uma possivel propriedade anti-helmintica, determinando o primeiro passo para a
caracterizacdo de substancias ativas da planta e abrindo novas possibilidades para o controle
das endoparasitoses. A etapa de validagdo de uma planta envolve vérios testes que visam
confirmar a sua eficacia e determinar a seguranca de sua utilizacdo em organismos vivos. Os
testes in vitro servem como uma indicacdo inicial e quando utilizados no inicio de uma
triagem, permitem selecionar as plantas que apresentam melhores resultados, diminuindo
gastos, evitando perda de tempo e uso indiscriminado de animais de experimentacdo. Para
determinacédo do potencial anti-helmintico in vitro de plantas podem-se utilizar nematoides de
ovinos, além de ensaios com nematdides de vida livre, como o Caenorhabditis elegans
(CAMURCA-VASCONCELOS et al., 2005).

Somente ap06s a obtencdo de resultados promissores com o0s testes in vitro, passa-se
aos testes in vivo em que se utilizam inicialmente animais de laboratério e, em seguida, 0s
testes toxicologicos. Depois desta primeira etapa, podem ser realizados os testes com animais
que representem a espécie alvo para a indicagao terapéutica. Os testes de eficacia com animais
de laboratorio sdo chamados pré-clinicos e os testes com a espécie alvo sdo denominados
clinicos. Os testes de eficacia com a espécie alvo devem ser os Ultimos testes a serem
realizados numa pesquisa sobre atividade de plantas medicinais. O teste de reducdo da
contagem de ovos nas fezes fornece uma estimativa da eficécia anti-helmintica de um produto
através da comparacdo da contagem de ovos nas fezes antes e apds o tratamento. Pode-se
realizar também o teste controlado com inoculagdo artificial de parasitos, tratamento com a
planta desejada e necropsia ao final. Este teste € mais confiavel, porém mais caro em termos
de mdo de obra e utilizagdo de animais (TAYLOR et al., 2002; CAMURCA-
VASCONCELQOS, et al., 2005).

Este trabalho teve como objetivo avaliar a atividade anti-helmintica dos 6leos

essenciais de Cymbopogon martinii, Cymbopogon schoenanthus e Mentha piperita sobre



nematdides gastrointestinais de ovinos em testes in vitro e in vivo e também apresentar uma
metodologia aperfeigoada utilizando-se o nematdide de solo Caenorhabditis elegans em testes

in vitro para diagnostico de atividade anti-helmintica de extratos vegetais.



2-REVISAO DE LITERATURA

2.1 Helmintos gastrointestinais

No aspecto sanitario, os helmintos gastrointestinais sdo 0s maiores responsaveis por
perdas econdmicas na producdo de ovinos. Os géneros de maior importancia sanitaria no
mundo s&o: Haemonchus spp., Trichostrongylus spp., Nematodirus spp., Cooperia spp.,
Teladorsagia spp. e Oesophagostomum spp (VIANA, 2008).

A elevada prevaléncia devido as condi¢des ambientais favoraveis, associada a sua
patogenicidade, faz com que Haemonchus contortus seja a principal espécie que parasita
ovinos no Brasil. Em seguida, em ordem de importincia e prevaléncia, a espécie
Trichostrongylus colubriformis. As infecces geralmente sdo mistas e pode ainda ocorrer a
presenca de Cooperia spp., Oesophagostomum spp e Strongyloides papillosus. A principal
conseqiiéncia dessas infecgdes é 0 prejuizo econdmico devido a reducéo de produtividade,

mortalidade, despesas com méo de obra e antiparasitarios (ALMEIDA et al., 2010).

O ciclo de vida do Haemonchus contortus envolve varios processos que comega com a
oviposicdo das fémeas adultas localizadas no abomaso, sendo os ovos liberados pelas fezes no
meio ambiente, onde ocorre a eclosdo com liberacdo de larvas de primeiro estagio (L1), que
se desenvolve para L2 e L3 (larvas infectantes). As L3 s&o ingeridas pelo hospedeiro, fixam-
se na mucosa abomasal, mudam para o estagio L4 e finalizam o ciclo tornando-se adulto.
Haemonchus contortus adulto alimenta-se de sangue, sendo a perda estimada de 0,05 mL de
sangue por parasito/dia. Em infec¢Bes elevadas, um animal pode albergar cerca de 1000 a
2000 parasitas e perda sanguinea estimada de 100 mL por dia. Os animais altamente
parasitados podem apresentar anemia, hipoproteinemia, que pode ser fatal aos mais
susceptiveis. Outras alteragGes clinicas como pelos arrepiados, emagrecimento, fezes escuras,
fraqueza e edema submandibular podem se apresentar em maior ou menor grau. Outro
agravante que perpetua o ciclo de H. contortus é que esse parasita produz cerca de 5000 a
10000 ovos/dia causando elevada contaminacdo das pastagens e re-infecgdes (DIEHL et al.,
2004).

Fatores como idade, raga, imunidade, estados fisiologicos, nutricionais e manejo

sanitario podem influir para uma maior infeccéo parasitaria. Deste modo, animais jovens sdo



mais susceptiveis que adultos. Animais de racas lanadas, como Suffolk ou llle de France,
tiveram sua resisténcia aos nematoides avaliadas em relacdo a raga Santa Inés e foi provado
que a raga nacional Santa Inés é mais resistente as infeccdes parasitarias (AMARANTE et al.,
2004). As ovelhas no periparto (periodo que compreende o final da gestacéo e lactagdo) sdo
altamente afetadas pelos parasitas gastrointestinais devido as alteragbes hormonais e
nutricionais (AMARANTE, 1993). A deficiéncia protéica na alimentagdo pode predispor a
uma menor resposta imune dos animais aos parasitas e, por outro lado, a suplementacdo
protéica pode melhorar a resisténcia aos nematoides (BRICARELLO et al., 2005). O manejo
sanitario inadequado, como por exemplo, superlotacdo de pastagens ou instalaces

inadequadas também pode favorecer uma maior infec¢do (COSTA et al., 2007).

2.2 Resisténcia anti-helmintica

Em pequenos ruminantes a resisténcia anti-helmintica aos nematodides tem sido um
sério problema comprovado por estudos em todo o mundo, como por exemplo, Australia,
Nova Zelandia, Holanda, Reino Unido, Irlanda, entre outros. (WOLSTENHOLME et al.,
2004) e também em rebanhos brasileiros localizados no Rio Grande do Sul (ECHEVARRIA
et al., 1996), Parana (THOMAZ-SOCCOL et al., 2004), Santa Catarina (RAMOS et al.,
2002), Ceara (VIEIRA & CAVALCANTE, 1999), Bahia (BARRETO et al., 2005) e Mato
Grosso do Sul (SEZESNY-MORAIS et al., 2010)e S&o Paulo (ALMEIDA et al., 2010).

A ocorréncia de resisténcia anti-helmintica dos parasitas acontece quando a
concentracdo usualmente indicada de uma droga ndo é suficiente para alcancar o grau de
eficacia, com redugdo de carga parasitaria inferior a 95%. Pode ser causada pela alta
freqliéncia de tratamentos, utilizagdo de sub-dosagens e rotagdo continua no uso de produtos
quimicos (MOLENTO et al., 2004).

Ha& varias hipoteses sobre os mecanismos de resisténcia dos parasitas as drogas: a
primeira hipo6tese é a mudanga molecular no sitio de atuagdo da droga, a segunda hipétese é a
mudanca no metabolismo que inativa ou remove a droga e a terceira hipétese é a mudanca na
distribuicéo da droga sobre os alvos moleculares do parasita. A situagdo da resisténcia dos
parasitas € agravada pelo fato de que a ocorréncia da resisténcia para cada classe quimica de
anti-helminticos geralmente confere resisténcia a outras classes, levando a situa¢des de multi-

resisténcia. Neste caso, os parasitas desenvolvem resisténcia sequencial, porém independente,



as diversas classes anti-helminticas. Uma vez presente na populacdo, a resisténcia ndo sofre
reversdo ou diminuicdo (WOLSTENHOLME et al., 2004).

Quando uma nova classe de anti-helminticos é introduzida numa populagdo de
parasitas, a frequéncia de alelos que conferem resisténcia é baixa, indicando que na auséncia
de tratamentos, os alelos de resisténcia terdo uma reproducdo neutra ou negativa.
(WOLSTENHOLME et al., 2004)

Entre as alternativas para se retardar a resisténcia anti-helmintica, pode-se citar o
controle seletivo que visa tratar somente os animais mais susceptiveis do rebanho (HOSTE et
al., 2005), utilizagdo de racas mais resistentes (AMARANTE et al., 2004), rotagdo de
pastagens, pastejo rotacionado com outras espécies de animais (FERNANDES et al., 2004) e

administracdo de produtos derivados de plantas (VIEIRA, 1999).

2.3 Uso de compostos fitoquimicos

A busca por compostos antiparasitarios de origem vegetal deve-se primeiramente a
escassez de compostos anti-helminticos comerciais que eliminem os parasitas. Existem apenas
nove grandes grupos quimicos de medicamentos e grande parte dos nematdides ja apresentam
resisténcia & maior parte deles. (VERISSIMO et al., 2010). A natureza pode fornecer uma
gama de compostos fitoquimicos ainda pouco estudados. Dentre as varias espécies de plantas
existentes, alguma pode conter atividade anti-helmintica. Outra razdo pelo interesse em se
pesquisar bioativos naturais para o controle de parasitos € a preocupacdo em se utilizar
compostos antiparasitarios que reduzam o problema da contaminagdo da fauna e flora e que
ndo deixem residuos toxicos na carne e/ou leite destinados ao consumo humano (CHAGAS,
2004).

Plantas bioativas podem conter um grande nimero de metabdlitos secundarios, ou
substancias farmacologicamente ativas, que podem agir isoladas ou em combinagdo para
produzir efeito direto ou indireto sobre parasitas no trato alimentar, levando a redugdo da
sobrevivéncia, do crescimento e da fecundidade dos nemat6deos. Os compostos de plantas
também podem promover melhora na disponibilidade protéica para o hospedeiro e/ou ter
efeito direto ou indireto sobre minerais ou elementos tracos . E sabido que ha muitos
compostos bioguimicamente ativos que podem agir contra parasitas incluindo dleos
essenciais, enzimas proteoliticas, lecitinas e polifendis como os taninos (JACKSON &
GORDON, 2008).



Segundo GITHIORI et al. (2006), dentro do conhecimento culturalhd um grande
nimero de plantas medicinais indicadas para doencas parasitarias. Por exemplo, sementes ou
folhagens de plantas como alho, cebola, menta, nogueira, anis ou salsinha tém sido usados
para tratar animais que sofrem de parasitismo por nematdides gastrointestinais, ao passo que
sementes de pepino e aboébora tém sido associadas com a expulsdo de cestéides do trato
gastrointestinal. A administracdo de extratos de Acacia e Artemisia spp. é utilizada em
animais infectados com endoparasitas enquanto que folha de tabaco é utilizada para o controle
de ectoparasitas. Evidéncias de propriedades anti-helminticas de plantas e extratos de plantas
sdo derivadas principalmente de fontes etnoveterindrias. O uso de preparacdes
etnoveterinarias tem sido documentado em diferentes partes do mundo. No entanto, a maioria
das evidéncias citadas em fontes etnoveterinarias é encontrada na sua maior parte, na forma
de observagdes empiricas, do que em estudos cientificos controlados. Alguns estudos
cientificos tém comprovado a eficacia (HOGERDEN et al., 2003; IDRIS et al.,1982),
enquanto outros tém demonstrado auséncia de acfo anti-helmintica de certas plantas
(GITHIORI et al., 2002, 2003, 2004; KETZIS et al., 2002) . Os 6leos essenciais estdo sendo
analisados e podem apresentar atividade anti-parasitaria como foi observado por SQUIRES et
al.(2010).

2.3.1 Oleos essenciais

Oleos essenciais sdo produtos voléteis de origem vegetal obtidos por processo fisico
ou quimico. Os 6leos sdo encontrados em todas as estruturas vegetais, sendo mais frequentes
em folhas, flores, frutos, e menos frequentes em raizes, rizomas, lenhos ou sementes. Ocorrem
em diversos géneros de plantas e constituem uma mistura complexa de substancias
apresentando estruturas quimicas heterogéneas. Sdo obtidos por diferentes processos,
dependendo da localizagdo no vegetal, da quantidade e das caracteristicas requeridas para o
produto final. As técnicas mais usuais para sua obtencdo sdo: prensagem, extracdo com
solventes orgénicos ou com gorduras, com fluido supercritico ou destilacdo por arraste de
vapor(ANVISA, BRASIL, 1999).

Quimicamente sdo compostos com baixo peso molecular, constituindo misturas
variaveis de fenilpropandides e terpendides, especificamente monoterpenos e sesquiterpenos,
embora diterpenos também possam estar presentes, além de uma variedade de
hidrocarbonetos alifaticos, acidos, alcoois, aldeidos, ésteres aciclicos ou lactonas. Os

monoterpenos sdo 0s principais constituintes dos 6leos essenciais, atuando na atracdo de



polinizadores. Os sesquiterpenos, em geral, apresentam funcdes protetoras contra fungos e
bactérias, enquanto muitos diterpendides dao origem aos hormonios de crescimento vegetal.
Os triterpendides e seus derrivados esteroidais apresentam uma gama de fungdes como
protecdo contra herbivoros, alguns sdo antimitdticos, outros atuam na germinacdo das

sementes e na inibi¢do do crescimento da raiz (NIEIRO et al., 2006).

A composicdo quimica de uma mesma espécie vegetal pode variar de acordo com a
parte da planta utilizada, como por exemplo, o 6leo de laranja amarga (Citrus aurantium)
quando obtido a partir das flores é rico em nerol, dos talos em linalol e acetato de linalila, e

quando obtido dos frutos, é rico em limoneno (ROGERS, 1981).

Os 06leos essenciais comegaram a ser consumidos a partir da época das Cruzadas.
Além da culinaria, com fins de tempero e conservagdo dos alimentos, também foram usadas
na preparacdo de 6leos e ungientos, cosméticos e medicamentos. Atualmente, os 6leos
essenciais sdo empregados na industria alimenticia, farmacéutica, de cosméticos e produtos
sanitarios, além de usados na aromaterapia. E estimado que cerca de 3000 6leos essenciais
sejam conhecidos, dos quais aproximadamente 300 sdo comercialmente importantes,

destinados principalmente para o mercado de fragrancias (BURT, 2004).

Por se tratar de uma mistura de constituintes volateis, os 6leos essenciais brutos podem
ser analisados diretamente por cromatografia gasosa, que é uma técnica que permite a
separacdo de substancias volatilizaveis. A separacdo baseia-se na diferente distribui¢do das
substancias entre uma fase estacionaria (s6lida) e uma fase mével (gasosa). A amostra, através
do sistema de injecdo é introduzida em uma coluna contendo a fase estacionaria.
Temperaturas adequadas, no local da inje¢do e na coluna, possibilitam a vaporizagdo dos
componentes da amostra, as quais, de acordo com as suas propriedades e as da fase
estaciondria, sdo retidas por tempos varidveis e chegam ao final da coluna em tempos
diferentes. Um detector adequado, na saida da coluna, permite a detec¢do e a quantificacdo
das substancias. A analise qualitativa ou identificacdo da natureza quimica dos componentes
da amostra ¢é obtida pela comparacéo dos tempos de retencdo de um padrdo com o da amostra
feita pela espectrometria de massas acoplada apds o detector. A cromatografia gasosa
acoplada a espectrometria de massas (CG-EM) permite a deteccdo daqualidade e o valor de
mercado de um 6leo essencial (COLLINS, 2006).

Devido & sua frequente presenca nos vegetais e & variedade de composicao quimica, 0s
6leos essenciais constituem objeto de extensivos estudos visando identificar atividades

biolégicas e os resultados apontam um potencial terapéutico importante. Porém, devido a



complexidade quimica, torna-se dificil relacionar a atividade com as substancias presentes.
Porém, em alguns casos, o 6leo de uma planta pode apresentar um constituinte majoritario,
como o Cymbopogon martinii que contem mais de 80% de geraniol, tornando mais evidente a
correlagdo entre a quimica e a atividade bioldgica. Entretanto, substancias presentes em
menor quantidade podem contribuir, pelo menos em parte, para a acdo biologica
possivelmente por sinergismo entre os componentes. Também a variacdo da constituicdo
associada a existéncia de diferentes quimiotipos das espécies (ocasionados por fatores
genéticos e influéncia do meio ambiente sobre o metabolismo dos terpendides) entre outros,
sdo fatores que dificultam a determinacdo inequivoca da atividade. Assim inUmeras

investigacdes sdo realizadas com componentes isolados (TEPE et al., 2005).

Dentre as principais atividades farmacoldgicas dos 0leos essenciais destacam-se
antimicrobiana (CHENG et al., 2006), antioxidante (MATSINGOU et al., 2000), anti-
inflamatoria (PEANA et al., 2004), antiparasitaria (PESSOA et al., 2002), anticonvulsivante
(SILVA BRUM et al., 2001), sedativa (PERAZZO et al., 2003), antitumoral (KIM et al.,
2003), inseticida (YANG et al., 2005) e promotores de absorcdo de farmacos
(GHAFOURIAN al., 2004).

O potencial deste grupo de compostos (terpenos) para o desenvolvimento de produtos
farmacéuticos parece ser evidente. Resultados promissores relatados indicam a possibilidade
do uso terapéutico mais intenso de 6leos volateis e de substancias isoladas. Alguns produtos
recentemente lancados no mercado incluem Acheflan® produzido em extratos da erva baleeira
Cordia verbenaceae, contendo alfa-humuleno, com indicagdo como antiinflamatério de uso
topico para o tratamento de tendinite cronica e dores miofasciais. Produtos como o
Rowachol®, indicado para célculos biliares e como colerético e colagogo, contém b-borneol,
alfa-pineno, canfeno, 1,8-cineol, mentona e mentol e Rowatinex®, com indicacdo para
urolitiase apresentando principios ativos 1,8-cineol, alfa pineno, canfeno, fenchona, borneol e

anetol, demonstrando a potencialidade deste grupo quimico (OLIVETT]I, 2005).

2.3.2 Oleos essenciais no controle de parasitas

Vérios 6leos essenciais de plantas medicinais tém sido testados in vitro para avaliacdo
de atividade anti-helmintica. GARG & SEEMA (1993) demonstraram que o0 6leo essencial
das flores de Eupatorium triplenerve (Japana roxa) apresentou boa eficicia contra Ascaris

lumbricoides e Taenia solium.
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O O6leo essencial de Zanthoxylum limonella tem como principal constituinte o L-
sabineno. A atividade anti-helmintica, in vitro, do 6leo essencial dos frutos de Zanthoxylum
limonella contra Taenia solium, Ascaridia galli e Pheritima postuma foi superior ao do
fosfato de piperazina (KALYANI et al., 1989; PESSOA, 2002).

O o6leo essencial de Chenopodium ambrosioides (Asteraceae), Ocimum gratissimum
(Lamiaceae) e Eugenol foram avaliados contra Haemonchus contortus. Na concentragdo de
1%, o 6leo essencial de Ocimum gratissimum e eugenol demonstraram inibicdo maxima de
eclodibilidade (100%) e o 6leo essencial de Chenopodium ambrosioides mostrou inibicéo de
eclodibilidade de 99,9% (PESSOA et al., 2002).

O 6leo essencial de Lippia sidoides e Croton zehntneri foram investigados contra o
Haemoncus contortus. Na concentragdo de 1% houve 100% da inibi¢8o da eclosdo dos ovos
para 6leo essencial de C. zehntneri e 90,9% para o0 6leo essencial de L. sidoides (CAMURCA-
VASCONCELOS, 2007).

SQUIRES et al. (2010) trataram gerbils artificialmente infectados com H. contortus
com uma emulsdo de 6leo essencial de laranja a uma dosagem de 1200 mg/kg durante 5 dias
para avaliacdo anti-helmintica e encontraram reducdo de 87,8% dos parasitas. Os autores
atribuiram a atividade nematicida ao constituinte majoritario limoneno, que neste dleo estava

presente em 95% da composicéo total.

Os 6leos essenciais de trés espécies de eucalipto (Eucalyptus citriodora, E. globulus e
E. staigeriana) foram testados sobre larvas e fémeas ingurgitadas de Boophilus microplus. O
6leo essencial de E. citriodora matou 100% dos carrapatos a uma concentragdo média de
17,5% e o de E. globulus a 15% e o de E. stageiriana a 12,5%. No entanto, quando esses
6leos foram transformados em um concentrado emulsionavel, eles mataram 100% dos
carrapatos a uma concentragdo média de 9,9% do E. globulous e 3,9% do E. sataigeriana
(CHAGAS et al., 2002).

2.3.2.1 Oleo essencial de Cymbopogon martinii

Também conhecido como 6leo essencial de Palmarosa é originario do Nepal, sendo
cultivado em larga escala no Brasil, india e América Central. O 6leo de C. martinii (Figura 1)
tem aparéncia fluido-liquida, coloracéo amarela palida, odor doce e floral similar ao de rosas.

Para o uso industrial é empregadocomo fragrancia de cosméticos e aromatizantes de cigarros.
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O uso popular o indica como estimulante do apetite, tonico nas convalescengas e anorexia.
Além disso, é popularmente conhecido por possuir propriedades antibidticas, antiflingicas,
antivirais, vermifuga, digestiva, emoliente e cicatrizante (NATURAL RESOURCE
INDUSTRIES, 2007).

O oleo essencial de C. martinii foi analisado por cromatografia gasosa num trabalho
realizado por PRASHAR et al. (2003) que determinaram em suas amostras 65% de geraniol e
20% de acetato de geranil. Neste estudo encontraram propriedades antimicrobianas contra o

Saccharomyces cerevisiae e as atribuiram principalmente ao composto geraniol.

PATTNAIK et al. (1996) determinaram que o dleo essencial de PPalmarosa tem
atividade antibacteriana contra 21 bactérias (incluindo cocos e bastonetes gram positivos e
bastonetes gram negativos) e 12 tipos de fungos (3 leveduras e 9 filamentosos) pelo método
de difusdo por disco. Estudos com a Escherichia coli enteropatogenico (EPEC) e
enterotoxigénico (ETEC) demonstraram que o 6leo essencial de C. martinii também apresenta
atividade contra esses patdgenos e os principais constituintes de agdo bactericida sdo o
limoneno, geranial, geraniol, transgeraniol, transcariophyleno e acetato de geranil (DUARTE,
2006). O geraniol foi testado como acaricida sobre as larvas e teledginas do carrapato B.
microplus e teve agdo acaricida potencializada quando adicionada ao composto citronelal
(MARTINS et al.,, 2006).

Como anti-helmintico, o 6leo essencial de C. martinii e o seu principal constituinte, o
geraniol foi testado in vitro, utilizando o nematdédeo de vida livre Caenorhabditis elegans.
Ambas as sushtancias demonstraram potente atividade anti-helmintica. A DE50 do geraniol
foi determinado a 66,7 mcg/mL, sugerindo que o geraniol pode ser um principio anti-
helmintico do 6leo de Palmarosa (KUMARAN et al. 2003).

Estudos foram conduzidos para avaliar a acdo repelente do C. martinii contra
mosquitos sob condi¢des experimentais. Resultados revelaram que o 6leo apresenta forte agéo
repelente e d& protecdo absoluta por 12 horas contra Anopheles culicifacies, contra A.
annularis e contra A. subpictus. A protegdo contra Culex quinquefasciatus, foi de 96,3% por
12 horas (ANSARI & RAZDN, 1994).
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Fonte: . jardineiro.net acesso 28/06/09)

FIGURA 1: Aspecto foliar do género Cymbopogon spp.(Graminae ou Poaceae)

2.3.2.2 Oleo essencial de Mentha piperita

Derivada da planta conhecida como horteld pimenta, da familia Lamiaceae (Figura 2),
a M. piperita é bastante conhecida como vermifuga em estudos etnoveterinarios de muitos
paises. E composta primariamente por mentol e mentona. Outros possiveis constituintes
incluem a pulejona, mentofurano e limoneno. Possui atividade bactericida, anti-fungica
(MUCCIARELLI et al., 2003), anti-viral, elevada acéo anti-oxidante e anti-tumoral in vitro.
Em modelo animal, a M. piperita demonstrou atividade analgésica, anestésica sobre o sistema
nervoso central e periférico, acdo imunomoduladora e quimiopreventiva. Em estudos com
humanos, o 6leo essencial apresentou agdo sobre o trato respiratorio e o efeito analgésico
também foi relatado. Reac@es adversas a M.piperitana forma de ch ndo foram relatadas, no
entanto, deve se tercuidado na administracdo do dleo essencial principalmente em pacientes
com refluxo géstrico, hérnia de hiato ou pedras no rim (McKAY & BLUMBERG, 2006).

Em estudos toxicoldgicos, a M. piperita apresentou minima toxicidade aguda oral. Em
camundongos, preveniu alteragdes hepaticas induzidas por arsénico. No entanto, a pulejona
em grandes quantidades (>200 mg/kg/dia) é reconhecida por sua hepatotoxicidade
(SHARMA et al., 2007). Em testes intradérmicos, produziu moderada a severa reagdo em
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coelhos, porém ndo foi fototoxica. N&o apresentou fator de mutagenicidade e
carcinogenicidade em camundongos e ndo apresentou nefrotoxicidade em testes com ratos
(AKDOGAN et al., 2003).

Fonte: . jardineiro.net acesso 28/06/09) |

FIGURA 2: Aspecto foliar da espécie Mentha piperita (Lamiaceae)

O oleo essencial de M. piperita apresentou atividade anti-parasitaria relatada pela
acdo larvicida e repelente contra diferentes espécies de mosquito. As espécies Aedes aegypti,
Anopheles stephensi e Culex quinquefasciatus foram fortemente repelidas quando o 6leo
essencial de M piperitafoi aplicado sobre a pele humana. A agéo repelente foi comparavel a
um produto contendo dibutil e dimetil ftalatos (ANSARI et al., 2000). Utilizado também em

fumigacdes em estoques de cereais contra insetos coledpteros (SHAAYA et al., 1991).

2.3.2.3 Oleo essencial de Cymbopogon schoenanthus

Planta pertencente a familia Graminae (Poaceae é o nome oficial da familia). Original
da india, foi introduzida no Brasil durante o periodo colonial. Apresenta propriedades

digestiva, sedativa e de uso na perfumaria, pois apresenta aroma forte e caracteristico.



14

Também conhecido como capim-liméo ou lemongrass. O dleo essencial de C. schoenanthus
possui atividade anti-oxidante e inibidora da acetilcolinesterase medido pelo ensaio DPPH e
atividade anti-oxidante medido pelo método B-carotene—linoleic acid bleaching (KHADRI et
al., 2008).

Este 6leo essencial também possui atividade nefroprotetora. Em estudos in vivo, ratos
foram induzidos, quimicamente com 4cido glicélico, a desenvolver pedras nos rins. Animais
que receberam 1 mL de extrato de C. schoenanthus via oral diariamente tiveram menor
incidéncia de nefrotoxicidade, elevacdo da uréia, creatinina e niveis de calcio sanguineo (AL-
GHAMDI et al., 2007).

Alguns estudos provarama agao de controle bioldgico contra bruchideos (besouros que
atacam sementes de leguminosas). O 6leo essencial de C. schoenanthus na concentragdo de
33,33 plL/L, foi capaz de matar todos os insetos adultos em 24 horas e também inibir a

oviposicédo e desenvolvimento larval (KETOH et al., 2005).

2.4 Testes in vitro

Embora o modelo in vivo dé uma nogéo acurada da atividade de substancias usadas na
medicina tradicional, o uso em muitos paises é severamente restrita devido a conceitos
econdmicos e éticos. Esse fato tem resultado em uma disseminagdo de testes in vitro nos
estudos etnofarmacoldgicos. Estes testes sdo muito Uteis quando a identidade dos compostos
responsaveis pela atividade biolégica de um extrato estd sendo investigado e quando a
quantidade de material disponivel é limitada. Porém, tem o incoveniente de se superestimar
ou subestimar um resultado, pois o uso de bioensaios in vitro oferece um resultado
incompleto do efeito de um extrato em um sistema como um todo, pois em testes in vivo,
fatores como absorcéo no organismo e metabolismo das substancias presentes, pode levar ao

aumento ou diminuicéo dos efeitos dos compostos ativos (HOUGHTON et al., 2007).

O tempo e os custos financeiros envolvidos em programas de ‘“screening” para
medicamentos demonstram a importancia da escolha de uma primeira fase in vitro que
necessita ser sensivel, barata e reprodutivel. Tendo-se realizado essa primeira fase, ha a
redugdo no nimero de candidatos para as proximas fases. A segunda fase focara os principios
ativos, que é mais complexa e cara, pois a medida que se aumenta o grau de refinamento, os
custos da descoberta também sdo adicionados. Posteriormente vem a farmacologia, seguranca

e toxicidade, que sdo dados que irdo compor o trabalho. Sabendo-se da natureza dos
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compostos bioativos, 0 modo de agéo e seus alvos sobre os parasitas, entdo o processo levara
a aplicagdo pratica (JACKSON & GORDON, 2008).

Os dois principais processos in vitro sdo primeiramente a prepara¢cdo do material
contendo os parasitas, o isolamento dos diferentes estagios pré-parasitérios do material fecal
ou no caso do estagio parasitario avaliado e a recuperacdo do parasita do material coletado de
seu sitio de predilecdo. O segundo e mais importante processo das técnicas in vitro, é a
utilizagdo de diferentes bioensaios, todos os quais mensuram a eficacia do material a ser
testado em termos comparativos. Estes bioensaios avaliam os efeitos dos produtos derivados
de plantas sobre o processo bioldgico vital (JACKSON &HOSTE, 2010).

Embora varios tipos de ensaios possam ser utilizados como uma triagemprimaria, o
teste mais simples para o0 uso em primeira instancia é o Teste de inibicdo da eclodibilidade. Os
demais testes ficam para avaliagdo secundéria devido ao elevado tempo que consome,
desafios de técnicas ou ensaios caros (JACKSON & GORDON, 2008).

2.4.1 Teste de inibic&o da eclodibilidade dos ovos (Egg hatch assay)

Ovos sdo incubados em diferentes concentragdes de substancia teste em seis repeti¢des
por 48 horas, depois dos quais sdo avaliados 0s nimeros de larvas e ovos ndo eclodidos. A
concentracdo do produto que é necessaria para inibir 50% da ecloséo dos ovos é calculada
para se determinar DLso (BIZIMENYERA et al., 2006).

FONTE: arquivo pessoal,

FIGURA 3: Ovos de tricostrongilideos ndo eclodidos e larvas de primeiro estagio ao

microscopio dptico em aumento x40.
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2.4.2 Teste da inibicao da alimentagdo de L1 (Larval feeding inhibition assay)

O ensaio determina o efeito da planta sobre o comportamento de alimentacéo de larvas
de primeiro estagio que sdo expostas a diferentes concentragdes do produto por um periodo de
2 a 4 horas. Apds esta incubagdo, as larvas sdo alimentadas com Escherichia coli liofilizada e
marcada com isotiocianato de fluoresceina. As larvas que se alimentaram podem ser
facilmente identificadas com um microscopio de fluorescéncia pela presenca de E. coli
marcada no seu intestino (ALVAREZ-SANCHEZ et al., 2005).

FONTE: arquivo pessoal,
I

FIGURA 4: Larvas de tricostrongilideos de primeiro estdgio que se alimentaram com

Escherichia coli marcada com fluoresceina ao microscopio de fluorescéncia em aumento x40.
2.4.3 Teste da inibicao da perda da cuticula de L3 (Larval exsheathment assay)

Este teste utiliza o terceiro estagio infectante das larvas em um processo que objetiva
examinar o efeito das plantas testadas sobre a perda da cuticula induzida pela exposi¢do ao
hipoclorito de sédio diluido. As larvas devem apresentar uma perda de cuticula progressiva ao
exame de microscopio Gptico. Para o material controle, 100% das larvas devem perder a
cuticula entre 60 a 70 minutos (BRUNET & HOSTE, 2006).

[Formatado: Fonte: 8 pt
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| FONTE: arquivo pessoal, |
1

FIGURA 5: Larvas de tricostrongilideos de terceiro estdgio em microscdpio dtico com

aumento x 40.

2.4.4 Teste de inibicdo do desenvolvimento das larvas (Larval development assay)

Este teste utiliza ovos frescos ou larvas de primeiro estagio e avalia a habilidade do
parasita de se desenvolver até o estagio de larva infectante na presencga da substancia teste.
Como a técnica envolve 5 dias de incubagédo, o risco de desenvolver bactérias ou fungos
aumenta, entdo torna-se necessario a incorporagdo de antibioticos e antifingicos no teste.
Embora a técnica tenha vantagens, o longo periodo de incubagdo faz com que poucos
laboratérios tenham utilizado este teste como uma triagem priméria in vitro (JACKSON &
GORDON, 2008).

2.4.5. Atividade anti-helmintica in vitro de extratos de plantas

De uma planta podem-se produzirdiversos tipos de extratos a partir de diferentes
partes da planta, como por exemplo, extrato de folhas, raizes, casca, sementesou frutos. Além
das partes de planta testada, os tipos de solvente utilizado para se produzir o extrato também é
importante (os solvente podem ser polares como a dgua e os alcoois ouapolares como acetato
de etila ou hexano). A atividade medicinal de algumas plantas esta distribuida aleatoriamente
entre extratos aquosos ou organicos. Como exemplo, tem-se a planta Acacia polyacantha, que

ndo demonstrou atividade anti-helmintica quando o extrato aquoso derivado da folha foi

[Formatado: Fonte: 8 pt
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testado. No entanto, o extrato das folhas produzido com solvente organico, apresentou efeito
significativo (WATERMAN et al., 2010).

Os extratos hexanico e etanélico da semente de manga (Mangifera indica) foram
testados em ovos de H. contortus. O extrato etandlico rico em taninos e saponinas, inibiu
95,66% da eclosdo dos ovos a 50 mg/mL, mas o extrato hexanico na mesma concentragdo ndo
apresentou efeito significativo (COSTA et al., 2002).

O extrato etandlico de sementes de Melia azedarach (cinamomo) teve uma melhor
atividade do que o extrato etandlico das folhas sobre o desenvolvimento das larvas (MACIEL
et al., 2006).

Kaya senegalensis (rica em taninos) teve atividade ovicida e larvicida e o extrato
aquoso ndo diferenciou do extrato etandlico na inibicdo do desenvolvimento de larvas
(ADEMOLA et al., 2004).

MARIE-MAGDELEINE et al. (2009) citam que o extrato diclorometano e metanélico
de sementes de Curcubita moschata (abdbora) apresenta atividade anti-helmintica sobre ovos,
desenvolvimento e migragdo de L3.

O extrato hidro alcodlico de Hedera helix (hera) apresentou melhor atividade larvicida

contra parasitas comparados ao extrato aquoso da mesma planta (EGUALE et al., 2007).

Spigelia anthelmia em extratos hexanico, cloroférmico, acetato de etila ou metandlico
foram testados contra ovos e larvas de H. contortus. O extrato de Spigelia anthelmia a 50
g/mL contendo o solvente acetato de etila inibiu 100% da eclosdo dos ovos e 81,2% do
desenvolvimento. O extrato metandlico inibiu 97,4% da eclosdo e 84,4% do desenvolvimento
(ASSIS et al., 2003).

Estudos com 500 plantas comprovaram a eficacia do teste de alimentacéo de larvas de
primeiro estagio para validar a acdo anti-helmintica. Observou-se que, das 500 amostras
avaliadas, 119 foram ativas inibindo a nutricdo larvar em concentragdes inferiores a 1,25
mg/mL, e que dentre estas, 14 amostras causaram visiveis danos morfolégicos a cuticula
(GORDON et al., 2007).

Sobre o teste in vitro usando-se extratos de plantas para avaliagdo do
desembainhamento de larvas de terceiro estagio, os estudos realizadas por BAUHUAUD et al.
(2006), demonstraram que o extrato de Pinus sylvestris, na concentrag¢do de 600 pg/mL, inibiu
de forma significativa o desembainhamento de larvas de H. contortus e T. colubriformis. De
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modo similar, BRUNET & HOSTE (2006) verificaram que a exposicdo de larvas destes
parasitos a galocatequina, mondmeros de prodelfinidina e taninos resultou em total inibicao
do desembainhamento.

De acordo com GITHIORI et al. (2006), vérias técnicas de validagdo de atividade anti-
helmintica in vitro tém sido estudadas. Varios modelos parasitarios tém sido aplicados.
Muitos trabalhos tém aplicado os nematddeos de vida livre Caenorhabditis elegans, Rhabditis
pseudoelongata (OKPEKON et al., 2004) ou Pheritima posthuma (AKHTAR et al., 2000).
Assume-se que trabalhos realizados com estes modelos in vitro possam se assemelhar com os

efeitos observados contra nematddeos que parasitam ruminantes.
2.5 Caenorhabditis elegans

Caenorhabditis elegans € um nemat6deo naturalmente encontrado no solo de regides
com clima temperado, alimenta-se de bactérias e fungos e pode ser facilmente isolado de
frutas em decomposicdo. Na década de 60, Sydney Brenner do laboratério MRC em
Cambridge, Inglaterra, decidiu usar esta espécie como um organismo modelo no estudo de
desenvolvimento embrionario. Ele procurava um organismo multicelular que fosse pequeno,
que tivesse uma anatomia de poucas células, que fosse facilmente cultivado e se reproduzisse
rapidamente. Desde entdo, C. elegans se tornou um dos organismosmais pesquisados pela

ciéncia.

C. elegans tem uma anatomia simples com um pequeno nimero de tecidos e 6rgdos
internos. O corpo é cilindrico, cercado por uma camada de células epiteliais e protegido por
uma cuticula. A musculatura do corpo esta arranjada em quatro fileiras, duas dorsais e duas
ventrais. O corddo nervoso percorre todo o comprimento do corpo A cabeca possui um
proeminente 6rgdo de alimentacdo — a faringe. O corpo € preenchido com intestino e no caso
de adultos hermafroditas, as gbnadas que consistem no Gtero e espermateca. Os embrides
comecgam a se desenvolver no interior da mée na forma de ovos e sdo depositados pela vulva
(STIERNAGLE, 2006).

C. elegans néo possui sistema circulatdrio. Os animais adultos possuem apenas 1 mm
de comprimento e 0,2 mm de didmetro, sendo pequeno o suficiente para permitir a difusdo do
oxigénio do ar através do seu corpo. Os nutrientes do intestino sdo liberados no espago
pseudocelémico e difundidos para outras células. Os animais estdo sobre uma pressdo
hidrostatica interna, que age como um esqueleto hidrostatico. Contragdes coordenadas

permitem um movimento elegante e sinusoidal (por isso foi chamado de C. elegans). Este
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nematoddeo depende criticamente de umidade e possui pouca protegdo contra 0 dessecamento
(HOLDEN-DYE, 2007).

Embrides de C. elegans se desenvolvem rapidamente e eclodem dos ovos apés 14
horas. O primeiro estagio larval é completado ap6s 12 horas e ainda passam por mais 4
estagios antes de se tornarem adultos. Em condicGes de excesso populacional ou na auséncia
de alimento, a larva pode escolher uma alternativa a rota de desenvolvimento normal,
assumindo um estagio latente de larva que é chamado dauer. As larvas dauer ficam sem se
alimentar e sobrevivem as condi¢des adversas por muitos meses. Quando a larva dauer
encontra condi¢Bes ideais de desenvolvimento, ela sai desse estagio e desenvolve-se numa
larva de quarto estdgio antes de se tornar adulta. Animais adultos sdo hermafroditas e
produzem esperma e ovos. No curso de 3 a 4 dias, 300 ovos sdo depositados. O ciclo de vida é
temperatura dependente, ou seja, completa o ciclo em 5,5 dias a 15 °C, 3,5 diasa 20 °Ce 2,5
dias a 25 °C. O tempo de vida do C. elegans adulto é de 2 a 3 semanas. Este curto ciclo de
geragOes facilita experimentos genéticos e é a maior vantagem para pesquisadores que
trabalham com este organismo. Além disso, uma cepa padronizada de C. elegans pode ser
propagada por autofertilizagdo por muitas geracdes. A autofertilizagdo produz homozigose de
alelos, ou seja, todos os individuos sdo considerados geneticamente idénticos (desde que
mutacdes ndo tenham ocorrido) (BRENNER, 1974).

2.5.1 C. elegans como método de screening para drogas anti-helminticas

Em 1981, SIMPKIN & COLES fizeram um screening de anti-helminticos usando o C.
elegans como modelo experimental. Desde entdo, os parasitologistas veterinarios comegaram

a considerar a utilizacdo deste método.

O melhor teste para determinar a eficAcia de drogas anti-helminticas para uso
veterinario é o uso do hospedeiro natural. No entanto, isto requer uma quantidade
relativamente alta de substancia a ser testada, espago fisico para acomodar os animais, o que
muitas vezes pode ter elevado custo para um teste screening. Em screenings primarios
geralmente sdo usados roedores que podem ser facilmente mantidos em gaiolas, em ambiente
controlado e necessitam de menores quantidades do principio ativo que a espécie alvo. O uso
de teste in vitro necessita de quantidades muito menores as utilizadas por roedores. SIMPKIN
& COLES (1981) analisaram a atividade de anti-helminticos comerciais sobre o C. elegans

em testes in vitro e concluiram que o C. elegans satisfaz muitos dos critérios necessarios para
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testes in vitro, pois é barato e facil de operar, fato que reforca o uso deste modelo como

método de screening para drogas anti-helminticas (McGAW et al., 2007).

FONSECA-SALAMANCA& MARTINEZ-GRUEIRO (2003), testaram a droga
nitazoxanida, utilizada para controle de Giardia e Criptosporidium mas sem indica¢do para
uso como anti-helmintico, em testes com C. elegans. Os autores encontraram um resultado
esperado para uma droga destinada a protozoarios: nos testes in vitro apresentaram baixa
atividade da nitozoxanida em comparagdo ao mebendazol, albendazole e levamisole. Tal
resultado confirmou mais uma vez a utilidade do C. elegans no screening para produtos anti-

helminticos.

Nematdides gastrointestinais de animais ndo sdo animais de laboratorio ideais por
muitas razdes, mas principalmente porque é dificil se manter o complexo ciclo de vida, o qual
geralmente inclui um hospedeiro. O uso de testes in vitro com C. elegans é simples, barato e
répido, e pode funcionar na deteccdo de anti-helminticos de amplo espectro. E muito fécil
detectar os efeitos da droga em culturas de nematédeos monitorando o comportamento,
sobrevivéncia ou reproducgdo. Drogas que reduzem a motilidade ou sobrevivéncia, como o
levamisol, podem ser detectadas nestas culturas a baixas concentragfes e a poténcia destes
compostos contra 0 C. elegans é um razoavel prognéstico da atividade contra nematoides.
Para demonstrar o mecanismo de acdo da droga anti-helmintica de largo espectro,
emodepside, sobre os nematddeos, foram realizadas avaliacdo da locomogdo, oviposigdo e
desenvolvimento (BULL et al. 2007). Através deste trabalho, os autores determinaram que o
emodepside interfere na jun¢do neuromuscular da musculatura do corpo, da faringe e dos

musculos que fazem a oviposigdo.

A ordem Rhabditida em que o C. elegans se encontra esta intimamente associada a
ordem Strongylida, que contém o0s mais importantes parasitas trichostrongilideos de
ruminantes. Estes animais compreendem a ordem V. Em oposicéo, ascarideos e filarioides
estdo presentes na ordem Il1. Trichinella e Trichuris estdo localizados na ordem I, que é a
mais distante do C. elegans. Deste modo a expectativa de uso de C. elegans como modelo
varia de acordo com a distancia filogenética entre as espécies, entdo, os trichostrongilideos
sdo bem melhores de serem comparados ao C. elegans do que Trichinella ou Trichuris
(GEARY & THOMPSON, 2001). No entanto, os mesmos autores fazem a colocacéo de que o
C. elegans é um modelo valido para a descoberta de anti-helminticos de amplo espectro, pois
se um produto apresentar atividade contra nematddeos de vida livre, este resultado pode ser

relevante a um parasita de uma diferente ordem. No entanto, os autores alertamde que h4 uma
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enorme diferencga evoluciondria entre as espécies e citam: “seria muito ingénuo compreender
toda biologia dos nematddeos parasitas apenas entendendo a biologia de uma espécie de vida
livre”. Uma grande limitagdo na utilidade do C. elegans como modelo de parasitas
veterinarios ocorre devido a complexidade deste Ultimo em realizar o processo infeccioso.
Neste caso, questionam: “quantos genes diferentes sdo necessarios para realizar esse
processo?” HOEKSTRA et al. (2000) determinaram que o EST (expressed sequence tags) de

H. contortus possui 195 genes, 30% deles ndo apresenta homologia com o C. elegans.

Contudo, o C. elegans tem sido utilizado como screening primario para drogas anti-
helminticas e nematicidas. Além disso, também tem sido proposto um screening para
toxicidade geral, assim como neurotoxicidade. Na maioria dos screenings sdo utilizados C.
elegans decepa selvagem (Wild type strain), no entanto, o nematddeo ja foi sequenciado
geneticamente em sua totalidade. Por isso, atualmente tem sido proposto muitos screenings
utilizando-se mutantes selecionados que s&o sensiveis a certos compostos com definido modo
de acdo (STIERNAGLE, 2006).

2.5.2 Comparando ovos de C. elegans com ovos de Haemonchus contortus

Haemonchus contortus é muito mais sensivel do que C. elegans, de acordo com
FASIUDDIN & CAMPBELL (2000). Em testes para determinag&o ovicida do tiabendazol, os
autores encontraram valores de (concentragdo inibitéria minima) MICg de 0,1 pg/mL para
ovos de H. contortus, enquanto que na dosagem de 120 pg/mL, apenas parte dos ovos de C.
elegans foram inibidos da eclosdo. Utilizaram entéo, compostos derivados e purificados do
tiabendazol contra os ovos de C. elegans, que sdo mais solUveis e mais ativos resultando em .
uma MICgo 400 pg/mL. Estes dados levaram os autores a conclusdo de que os ovos de C.
elegans possuem baixa sensibilidade aos benzimidazois. Neste mesmo trabalho, os autores
citaram que a estrutura da casca dos ovos dos diferentes tipos de nematoides pode variar e que
a casca dos ovos de C. elegans é resistente o suficiente para resistir a compostos quimicos
causticos como alvejante alcalino (hipoclorito de sédio) normalmente utilizado no estudo
(processo de sincronizacdo do ciclo de vida do nemat6ide). Concluiram que embora por
razbes de economia e conveniéncia os nematddeos de vida livre C. elegans sdo geralmente
utilizados em screenings, diferengas entre a susceptibilidade da droga para determinados
estagios do ciclo de vida do nematdide podem ser muito grandes quando comparados com
nematddeos de espécies alvo. BULL et al. (2007), testando o emodepside em C.elegans,
também observaram a resisténcia dos ovos a droga. O efeito da droga atingiu somente os

estagios apos eclosdo.
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2.5.3 Atividade nematicida de plantas medicinais avaliadas em testes com C. elegans

McGAW et al. (2000) utilizaram o C. elegans para determinar atividade anti-
helmintica de plantas da medicina tradicional da Africa do Sul. Dentre 72 extratos (hexanico,
etandlico e aquoso) testados, derivados de 24 plantas, apenas um ndo apresentou atividade
contra 0 nematddeo. Os extratos foram testados a 1 e 2 mg/mL sobre 500-1000 nematédeos
de uma cultura de 7-10 dias. Os nematédeos foram avaliados através de um sistema de escore
onde foram dadas notas de acordo com a sua motilidade. Em 2007, MC GAW et al., testaram
extratos de 24 plantas, totalizando-se 70 extratos com a mesma metodologia. Vinte e cinco
extratos foram ativos contra C. elegans. O extrato hexanico de Hippobromus pauciflorus
demostrou a maior atividade matando 70% dos nematddeos a uma concentracdo de 0,5

mg/mL.

Trabalho semelhante foi realizado por KERMANSHAI et al. (2001) quando utilizaram
extratos da semente de papaia, a qual é conhecida pela sabedoria popular como possuidora de
atividade anti-helmintica. Os autores recolheram o extrato usando solventes orgénicos e 0
fracionaram através de cromatografia de coluna em silica. As fragcBes encontradas foram
testadas contra C. elegans e determinaram que a fragdo que continha benzil isothiocyanato foi
responsavel pelaatividade anti-helmintica. Tribulus terrestris também foi testado de forma
semelhante. Esta € uma planta que contém saponinas, alcal6ides e flavonoides e através de
extratos etanolicos teve a sua atividade anti-helmintica in vitro confirmada por DEEPAK et
al. (2002). MUKALI et al. (2008) também determinaram que os taninos da Camelia sinensis

(novel tannin gallate) tiveram atividade contra C.elegans.

WATERMAN et al. (2010) determinaram a atividade anti-helmintica de extratos
aquosos e organicos de 33 partes de plantas de 17 espécies utilizadas na medicina tradicional
do Sahara sub-africana. Das 17 espécies testadas, 12 plantas demonstraram significativa
atividade contra a cepa de C. elegans resistente ao levamisol. Em 8 destas 12 plantas, os
taninos foram identificados como o principio ativo majoritario. Os taninos sdo compostos
polifendlicos que podem ter atividade anti-helmintica devido a coagulacéo de proteinas. Além
dos taninos, outros compostos também foram identificados como possiveis anti-helminticos,
como por exemplo, os compostos fendlicos simples como acido galico, gentisico e elagico,

assim como as saponinas e flavonoides tais como quercetinas e quinonas.

DEEPAK et al. (2002) realizaram testes utilizando extratos polares e apolares de
Tribulus terrestris. Determinaram que o extrato apolar teve o melhor resultado e

posteriormente os compostos puros foram identificados através de analise cromatogréafica e
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testados novamente contra o C. elegans. A tribulosina e o B-sitosterol-D-glucosideo sdo 0s
compostos ativos contra o C. elegans numa dosagem de EDsp 76,25 e 82,50 pg/mL,
respectivamente. Os autores citam que os compostos ndo foram tdo eficazes quanto o
levamisol, no entanto o valor encontrado € significante uma vez que compostos isolados com
um EDs <100 pg/mL em ensaios utilizando-se C. elegans séo considerados ativos. Os autores
sugerem que compostos ativos a uma concentragdo menor que EDsy <100 pg/mL podem
servir como base para moléculas no desenvolvimento de anti-helminticos Uteis para seres

humanos e para animais.

KERMANSHAI et al. (2001) fazem a relagdo entre volume utilizado em testes in vitro
e volume do intestino delgado de um humano adulto. Os autores testaram a atividade anti-
helmintica da semente de papaia. De acordo com o trabalho, cerca de 1,2 a 2,4 mg de
sementes matam >90% dos C. elegans em 500 ul em 4 a 5 horas. Se o intestino delgado
humano contem capacidade de 1,3 |, entdo a dose anti-helmintica serd de 3,1 a 6,2 g de
sementes, valor efetivo contra C. elegans no ensaio. No entanto, os autores comentam que a
dosagem calculada geralmente ndo é a dose eficaz devido a fatores que diminuem a
concentracdo da droga no intestino tais como movimento e a absor¢do do conteido

gastrointestinal.

2.5.4 Como se determina a concentragdo eficiente de um anti-helmintico?

A concentracdo de uma droga necessaria para produzir qualquer efeito sobre C.
elegans é geralmente bastante alta, chegando a ser mil vezes maior que a concentracao efetiva
para testes em células de mamiferos. Esta grande discrepancia na eficacia esta relacionada a
relativa impermeabilidade de C. elegans. Muitas técnicas tém sido usadas para melhorar a
permeabilidade ou solubilidade a droga. Por exemplo, uso de vortex, sonicagdo a elevada
temperatura sdo técnicas para maximizar a solubilizacdo do composto ativo. Além disso, o
uso de solventes que possam melhorar a solubilidade também pode ser utilizado. Por
exemplo, solventes organicos melhoram a atividade de muitos compostos. C. elegans pode
tolerar modestas quantidades de solventes convencionais: <2%DMSO, <4% Ethanol e <2%
methanol. Quantidades superiores podem afetar o crescimento ou comportamento do
nematoide (STIERNAGLE, 2006).

Em muitos campos da quimioterapia, 0 uso de testes in vitro pode predizer com

acuracia a que concentracdo uma droga vai ser eficaz in vivo. Por exemplo, de acordo com a
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sobrevivéncia de bactérias expostas a drogas em culturas in vitro, pode-se predizer qual
concentracdo é necessaria em tecidos ou sangue para o sucesso terapéutico. Infelizmente, esse
componente da farmacologia ndo pode ser facilmente aplicado para helmintos. Enquanto
diversas opcoes estdo disponiveis para se avaliar a poténcia anti-helmintica in vitro, pouco se
tem para predizer a concentracdo da droga necessaria para eficacia in vivo. Os sistemas
desenvolvidos para este propdsito incluem culturas de nematddeos de vida livre e adultos ou
formas imaturas de nematoides parasitas (particularmente tricostrongilideos de ruminantes)
(GEARY et al. 1999b).

As drogas que reduzem a motilidade como o levamisol podem ser detectadas a baixas
concentracOes e, de acordo com a poténcia contra o C. elegans é possivel se predizer a
poténcia contra nematdides parasitas. Contudo, a correlacdo ndo é universal. Por exemplo,
morantel ou pirantel, que age de maneira similar ao levamisol em receptores acetilcolinicos de
nematdides, necessita de altas doses para apresentaram algum efeito. Tal fato se contrapde a
teoria de que os nematdides parasitas possuem maior tolerancia aos anti-helminticos do que
nematdides de vida livre devido & necessidade de sobrevivéncia no ambiente. Testes com o C.
elegans também ndo sdo capazes de detectar alteragdes de comportamento induzidas pela
droga que resultam em expulsdo do parasita do organismo do hospedeiro (GEARY et al.
1999a).

2.5.5 Avangos no conhecimento da farmacologia das drogas baseados em mecanismos de

resisténcia do C.elegans

DRISCOLL et al. (1989) demonstraram que 0 mecanismo de a¢do dos benzimidazois

ocorre pela interferéncia da dindmica de polimerizagdo da tubulina.

CULLY et al. (1994) relataram que o mecanismo preciso de acdo das lactonas
macrociclicas é a abertura dos canais de cloro. Recentes estudos (DENT et al., 2000)
indicaram que cepas de C. elegans altamente resistentes a avermectinas (reducdo da
sensibilidade a ivermectina em 4000 vezes) possuem mutagcdes genéticas em 3 subunidades,
enquanto que mutacBes em 2 subunidades reduz a sensibilidade & ivermectina em

aproximadamente 10 vezes.

FLEMING et al. (1997), em estudo com cepa mutante e resistente ao levamisol de C.
elegans, revelaram que o sitio de acdo da droga esta relacionada com receptores nicotinicos-

acetilcolinicos.
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Para HOLDEN-DYE & WALKER (2007), o motivo mais relevante em se estudar o C.
elegans como modelo para avaliacdo de anti-helminticos é a fisiologia e farmacologia
comparativa do Filo Nematoda. Muitos anti-helminticos agem sobre a neuromusculatura e por
isso as similaridades se tornam importantes. O sistema neuromoscular é similar entre C.
elegans e 0 nematédeo parasita Ascaris suum, assim como 0s neurotransmissores, a
acetilcolina em motoneurdnios excitatérios, Gaba nos motoneurénios inibitérios e glutamato
dos motoneurdnios. O sistema nervoso dos nematddeos possuem abundancia em
neuropeptideos que por sua vez exercem fungdes vitais como a alimentagdo, locomocéo e
ovopostura. Os autores sugerem que uma prospeccdo no desenvolvimento de

peptidomiméticos como uma nova iniciativa para o controle de nematodeos.
2.5.6 Descoberta da nova geracédo de anti-helminticos

No trabalho de GEARY et al. (1999a), os autores discutem a possibilidade de C.
elegans ser empregado como ferramenta para a descoberta de futuros anti-helminticos. Como
este nematédeo pode ser facilmente propagado em culturas e todos os anti-helminticos
comerciais podem ser testados neste sistema, este pode ser um modelo para screening de
drogas com potencial anti-helmintico. No inicio da década de 80, C. elegans tornou-se parte
de muitos programas para deteccdo de anti-helminticos em indUstrias. Muitas amostras que
demonstraram efeito sobre os nematddeos foram primeiro testadas em modelos animais.
Apenas poucos compostos demonstraram suficiente atividade para serem testados
emhospedeiros naturais. Recentemente houve o estudo das drogas anti-helminticas
emodepside (BULL et al., 2007) e os AADs (amino-acetonitrile derivatives) (KAMINSKY et
al., 2008) que foram extensivamente testados sobre culturas de C. elegans. Os autores
finalizam que embora pareca paradoxal, a importancia do C. elegans apenas aumenta com o
tempo. O genoma completo deste organismo, com cerca de 100 milhdes de bases, ja foi
sequenciado. Este conhecimento é bastante (til para muitas areas da pesquisa, incluindo

descoberta de anti-helminticos.

2.6 Testes in vivo

Somente ap6s a obtencdo de resultados promissores com os testes in vitro, passa-se
aos testes in vivo que podem utilizar inicialmente animais de laboratério e, em seguida, 0s
testes toxicoldgicos. Depois desta primeira etapa, podem ser realizados os testes com animais

que representem a espécie alvo para a indicagao terapéutica. Os testes de eficacia com animais
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de laboratorio sdo chamados pré-clinicos e os testes com a espécie alvo sdo denominados
clinicos. Os testes de eficacia com a espécie alvo devem ser os Ultimos testes a serem
realizados numa pesquisa sobre atividade de plantas medicinais. O teste de reducdo da
contagem de ovos nas fezes fornece uma estimativa da eficécia anti-helmintica de um produto
por meioda comparagdo da contagem de ovos nas fezes antes e ap6s o tratamento. Pode-se
realizar também o teste controlado com inoculagdo artificial de parasitos, tratamento com a
planta desejada e necropsia ao final. Este teste € mais confiavel, porém mais caro em termos
de mao de obra e utilizagdo de animais (TAYLOR et al., 2002, CAMURCA-
VASCONCELOS et al., 2005).

Os métodos in vitro oferecem meios de avaliagdo rapida para atividade anti-helmintica
de plantas e possibilita analisar os possiveis mecanismos envolvidos na interagdo entre
compostos ativos e parasitas. Contudo, devido a divergéncias em condi¢des encontradas in
vitro e in vivo, os resultados continuam a indicar que temos que passar pelos testes in vivo
para confirmar a atividade sobre infeccBes experimentais em hospedeiros alvos.
(HOUZANGBE-ADOTE et al., 2005).

BIZIMENYERA et al. (2006) avaliaram a acdo ovicida e larvicida de extrato de
Peltophorum africanum sobre T. colubriformis com resultados positivos, no entanto, ndo
encontraram acdo similar contra parasitas adultos. Diferencas na fisiologia e na

biodisponibilidade das preparac6es de plantas sobre os hospedeiros podem ocorrer.

Tal fato também foi observado com o extrato rico em taninos condensados
denominado quebracho (ATHANASIADOU et al., 2001), que apresentou atividades ovicida e
larvicida. O extrato de quebracho ndo apresentou acdo sobre parasita do abomaso
Haemonchus contortus, mas houve sobre o parasita intestinal Trichostrongylus colubriformis.
Os autores atribuem como principal fator para as diferencas o pH e interagdo com os taninos.
In vitro, o pH ndo pode ser manipulado e esta aproximadamente em valor neutro. Os taninos
condensados mantem-se estaveis em pH entre 5 e 7, dissociam-se em pH elevado ou em pH
mais baixo que o citado. Entdo, no teste de inibi¢do do desenvolvimento, os taninos se fixam a

qualquer macromolécula e formam complexos estaveis que danificam a cuticula do parasita.

O efeito pH também foi observado por BURKE et al (2009), citando que o latex da
Papaya foi efetivo contra Heligmosomoides polygyrus, parasita intestinal de camundongos
(SATRIJA et al., 1995), mas néo foi eficaz em Protospiura muricola, parasita de estdmago, a

ndo ser que a acidez do estdbmago fosse controlada (STEPEK et al., 2007).



28

Outra dificuldade encontrada para a validacdo dos resultados dos testes in vitro em
organismos vivos é o fato de que pode ser impraticavel extrapolar a dose utilizada in vitro,
para a quantidade necessaria em equivaléncia para organismos vivos adultos. Por exemplo, se
a atividade foi demonstrada a 1 mg/mL, a dose necessaria para a mesma concentragdo no
volume de plasma de um adulto normal (aproximadamente 6 litros), entdo seria necessario
aproximadamente 6 gramas do produto a ser administrado. Este valor pode ser considerado
impraticavel para algumas espécies de plantas e também devido ao elevado volume a ser
administrado via oral (HOUGHTON et al., 2007).

Embora o Chenopodium ambrosioides (erva de Santa Maria) tenha uma longa histéria
no uso como anti-helmintico em humanos e ndo ruminantes, quando testado em ovinos ndo
apresentou capacidade em reduzir o nimero de parasitas adultos ou a contagem de OPG.

Contudo, em testes in vitro, o dleo reduziu a viabilidade dos ovos (KETZIS et al., 2002).

VIEIRA et al. (1999) administraram plantas da flora brasileira reconhecidas pela
sabedoria popular como anti-helminticas a caprinos infectados artificialmente com H.
contortus. Os animais foram divididos em grupos com cinco repeti¢fes e receberam alho (3
g/kg), sementes de papaia (2 g/kg), folhas de banana (0,5 g/kg), semente de Canavalia
brasiliensis (1 g/kg), semente de Mormodica charantia (1 g/kg), folhas de Anona squamosa (
0,3 g/kg); folhas de menta (0,5 g/kg); folhas e sementes de Chenopodium ambrosioides (0,75
g/kg) ou casca de Hymenaea courbaril (1 g/kg). Um grupo recebeu ivermectina e outro foi

usado como controle. As nove plantas testadas foram ineficazes contra H. contortus.

O alho e semente de maméo sdo mundialmente conhecidos como anti-helminticos.
BURKE et al. (2009) avaliaram a eficacia do bulbo de alho e do suco de alho sobre
nematodeos de caprinos e de sementes de papaia para ovinos. Apos 14 dias dos tratamentos,
nenhuma mudanca no volume globular e OPG foi observada em relacdo ao grupo controle.
BATATINHA et al. (2005) também avaliaram a atividade anti-helmintica do alho em p6 em
cordeiros e observaram que os animais ndo apresentaram ganho de peso e que a perda de
peso, verificada no inicio do experimento, desaconselha a sua utilizagdo. NORO et al. (2003)
relata que a inclusdo deste elemento na alimentacéo de ruminantes modifica a microbiota. Em
experimento realizado, os animais controle tiveram ganho de peso superior ao dos animais
tratados com alho. O pH ruminal dos tratados foi diferente do controle e o tempo de reducéo
de azul de metileno foi diferente, com redugdo mais lenta para o grupo tratado em relagéo ao

grupo controle. A dose de 1 g/kg via oral resultou em reducéo da intensidade dos movimentos



29

ruminais, anorexia, apatia e perda de peso, sendo estes parametros gradativamente

restabelecidos ap6s interrupgao do tratamento

Atividade anti-helmintica de plantas da medicina etnoveterinaria da Africa foram
avaliados por GITHIORI et al (2004). Hagenia abyssinica, Olea europaea, Annona
squamosa, Ananas comosus, Dodonea angustifolia, Hildebrandtia sepalosa e Azadirachta
indica foram administradas a cordeiros infectados artificialmente por H. contortus.
Comparados ao grupo controle, nenhuma redugdo significativa de OPG, contagem de

parasitas e ganho de peso foram observados para nenhum dos grupos tratados.

BURKE et al. (2009) testaram um composto comercial de plantas contendo Artemisia
absinthum, Allium sativum, Juglans nigra, Curcubita pepo, Artemisia vulgaris, Foeniculum
vulgare, Hyssopus officinalis e Thymus vulgaris. Caprinos infectados artificialmente

receberam estes compostos 0s quais se mostraram ineficazes contra os parasitas.

Alguns trabalhos tém evidenciado a atividade anti-helmintica de produtos naturais.
IQBAL et al. (2006) verificaram atividade de Butea monosperma administrada em forma de
extrato em pd para ovinos naturalmente infectados com nematodeos. A reducdo maxima foi
de 78,4% no OPG 10 dias apés o tratamento com 3 g/kg. O grupo que recebeu levamisol
exibiu 99,1% de reducdo de OPG. HODERGEN et al. (2003) ofereceram 183 mg/kg de
extrato etandlico da planta inteira Fumaria parviflora a qual causou elevada reducdo na
contagem de OPG (100%) e reduziu em 78,2% a contagem de H. contortus adultos e em
88,8% a contagem de T. colubriformis adultos. Outra planta que apresentou eficéacia anti-
helmintica foi a Nauclea latifolia em extrato aquoso da casca administrado em ovelhas
naturalmente infectadas (ONYEYILI et al., 2001). A porcentagem de reducdo (93,8%) com a
dosagem de 1600 mg/kg do extrato foi comparavel a 5 mg/kg de albendazol (94,1%).
EGUALE et al. (2007) também obtiveram resultado significante na reducdo da contagem de
OPG em animais tratados com extrato hidro-alcodlico de Hedera helix apdés 2 dias do
tratamento. Observaram também que o extrato hidro-alcéolico teve melhor atividade que o

extrato aquoso.

TARIK et al. (2009) avaliaram Artemisia absinthium em condigdes in vitro e in vivo.
Os resultados obtidos foram semelhantes nos testes in vitro e in vivo, obtendo-se efetividade
do extrato etandlico (2 g/kg) com reducdo do OPG de ovelhas infectadas por H. contortus

90,46%, semelhante ao albendazol.
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A importancia da avaliagdo da toxicidade de plantas em animais estudada por
ATHANASIADOU et al. (2001). Os autores verificaram a atividade de taninos condensados
derivados de planta em ovinos infectados com parasitas gastrointestinaisgastrointestinais.
Animais que receberam Quebracho (16%) apresentaram menor contagem de OPG em
comparacdo com ovinos medicados com Quebracho (8%), que por sua vez, foi menor do que
aqueles tratados com Quebracho (4%). No entanto, diversos efeitos colaterais foram
observados em animais tratados. Na dosagem de 16%, os animais reduziram a ingestdo de
alimentos e apresentaram diarréia severa. Ganho de peso e eficiéncia na conversdo foram
reduzidos em animais tratados com 8% quando comparados aos animais tratados com 4% e
grupo controle. Anterior ao teste in vivo, testes in vitro foram conduzidos para se investigar o
efeito dos taninos sobre as larvas de H. contortus, Teladorsagia circumcincta e
Trichostrongylus vitrinus e indicaram que o quebracho diminui a viabilidade das L3 de todas

as espécies.
2.7. Toxicidade

O estudo toxicoldgico das plantas é alvo de pesquisas e investigacfes. Apesar de
possuirem potencial curativo, as plantas medicinais possuem substancias que, dependendo da
dose, podem ser toxicas ao organismo, causando reagdes indesejaveis ou até mesmo levar a
Obito. Uma mesma planta pode conter compostos medicinais e terapéuticos e também
compostos toxicas prejudiciais aos organismos humano e animal. Os principais principios
ativos responsaveis pelo potencial toxico das plantas sdo os alcaldides, glicosideos, taninos,
saponinas, resinas, fitotoxinas, minerais, oxalatos e 6leos essenciais, dentre outros. Embora
tais substancias, quando ingeridas, possam acarretar distirbios, reacdes adversas ou efeitos
colaterais no organismo, muitas delas quando utilizadasna dosagem terapéutica adequada,
possuem atividade benéfica no tratamento de diversasdoengas; como por exemplo, a papoula
(Papaver somniferurn) utilizada na fabricacdo de medicamentos analgésicos e anestésicos, a
digitalina (Digitalis purpurea) empregada como regulador cardiaco, e os alcaldides da
beladona (Atropa belladona) que atuam em problemas oculares, como sedativo,
antiespasmadico, sedativo e anti-hipertensivo. Com o avango da industria farmacéutica, a
farmacologia e a toxicidade dos principios ativos das plantas sdo elucidadas dia a dia, de
modo a eliminar agentes tdxicos e contaminacdes, as doses terapéuticas e tdxicas sdo bem
estabelecidas, determinando de forma precisa a faixa terapéutica e as interagbes com outros
farmacos, o que garante o promissor dos fitoterdpicos a nivel mundial (VEIGA JR et al.,
2005).
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A toxicidade dos 6leos essenciais depende da dose, sendo, muitas vezes, encontradas
reagBes toxicas variadas somente em doses elevadas. Diversos estudos tém contribuido para o
conhecimento da mutagenicidade de compostos volateis. Em estudo realizado com 6leo de tea
tree (Melaleuca alternifolia) foi observado que este é toxico quando ingerido em altas doses,
podendo desencadear reagdes alérgicas, especialmente em pessoas sensiveis. Entretanto, uma
vez que a toxicidade deste 6leo é dose-dependente, a maioria dos efeitos adversos poderia ser

evitada pelo uso de menores concentragcdes (HAMMER et al., 2005).

Diversos agentes tdxicos podem causar hepatotoxicidade ou nefrotoxicidade devido a
capacidade de biotransformagdo destes produtos por estes 6rgdos. Compostos lipofilicos
tendem a ser mais hepatotdxicos do que compostos hidrofilicos devido aos ultimos serem
eliminados em maior quantidade pelo rim (KANEKO, 1997).

LesBes hepéticas em ovinos causadas por ingestdo de fitoquimicos hepatotoxicos
podem ser avaliadas pelas enzimas gama glutamil transferase (GGT), aspartato amino
transferase (AST) e fosfatase alcalina (FA). A enzima alanino amino transferase (ALT),
detecta danoshepatocelulares, no entanto ela é especifica para cdes e gatos e deve ser
substituida pela avaliagdo de AST em grandes animais. Lesdes renais causadas por ingestdo
de fitoquimicos nefrotdxicos podem ser avaliadas pela dosagem de uréia e creatinina sérica
(KANEKO, 1997).

Diversos extratos vegetais presentes na natureza necessitam ser estudados para a
avaliacdo anti-helmintica. Os 6leos essenciais sdo apenas uma parte dos compostos
fitoquimicos presentes nos extratos vegetais. Os testes in vitro e in vivo possuem elevada
importancia para a validagdo da atividade anti-helmintica da planta assim como os testes

toxicologicos.
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Abstract

Mentha piperita, Cymbopogon martinii and Cymbopogon schoenanthus essential oils
were chosen to be evaluated against nematodes in in vitro tests. Those testes have the
advantage of providing a simple, rapid and inexpensive means of primary screening of
products. In Egg Hatch Assay, Cymbopogon schoenanthus essential oil showed the lowest
LCso value (0.05 pL/mL) when compared to Cymbopogon martinii and Mentha piperita
essential oils and this result is quite similar to LCsg value found in Larval Development Assay
(0.07 pL/mL). The Larval Feeding Inhibition Assay is the most sensitive test amongst all tests
with the lowest LCso. C. schoenanthus essential oil presentedLCsq of 0.01 pL/mL , while L3
presentedthe highest dose of essential oil to be inhibited in Larval Exsheathment Assay, with
LCso values of 27.1 pL/mL. In all in vitro tests C. schoenanthus essential oil had the best
activity against ovine trichostrongylids followed by C. martini, while M. piperita presented

the worst results
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1-Introduction

Gastrointestinal nematodes in livestock are usually controlled by commercial
anthelmintics; however a few molecules are available for use and their effectiveness is being
reduced due to the emerging of resistant strains of parasites (Molan et al., 2002). For this
reason, losses in weight gain and high morbity and mortality are a consequence of those
parasite infections. Haemonchus contortus is the most prevalent and pathogenic nematode
found in small ruminants in the tropics. Many alternative strategies to control nematodes have
been studied such as nutrition, selection of resistant animals, integrated management of
pasture, use of nematophagus fungus and new anthelmintic componds derived from plants.
The search for alternative solutions to chemical treatments is nowadays a worldwide necessity
to achieve more sustainable control. There is increase evidence indicating that some bioactive
plants might possess anthelmintic properties and, thus, represent a promising alternative to

chemotherapy (Brunet and Hoste, 2006).

Mentha piperita, Cymbopogon martinii and Cymbopogon schoenanthus essential oils
were chosen to be evaluated against nematodes in in vitro tests because they have shown
some parasiticide effect. In vitro bioassays have the advantage of providing a simple, rapid
and inexpensive means of primary screening of products. M. piperita essential oil has activity
as insecticide in store-products (Shaaya et al., 1991), larvicidal and mosquito repellent (Ansari
et al., 2000). C. martini essential oil has activity against Meloidogyne incognita, a soil
nematode, (Pandey et al., 2000) and C. elegans (Kumaran et al., 2003). C. schoenanthus
essential oil has anti-termite activity (Koba et al., 2007) and activity against bruchids

(Callosobruchus maculates) (Ketoh et al., 2002).

The evaluation of an emulsion of essential oils were performed on H. contortus

imature life stages by egg hatching assay (eggs to larvae of 1% stage - L,), larval development
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assay (L; to larvae of 3™ stage - Lj), larval feeding inhibition assay (L) and larval
exsheathment assay (Ls). Therefore, the purpose of the present study was to evaluate the

anthelmintic activity of three essential oils using different in vitro assays.

2-Materials and Methods
2.1-Sheep nematodes:

All early life stages of trichostrongylids used in our work were obtained from sheep
naturally infected and kept on EMBRAPA- Pecuaria Sudeste herd (fecal culture indicated
95% of Haemonchus spp. and 5% Trichostrogylus spp.). Each time feces were collected to
perform the assays, the same concentrations and the same assays were done for the three

essential oils.
2.2-Essential oils:

Oils were purchased from WNF Ind. e Com. Ltda(R. Dr. Mario Pinto Serva, 64 - Sao
Paulo-SP - Brazil). M. piperita oil lot n. 164, density (d) = 0.919, C. martinii oil lot n. 081, d

=0.884 and C. schoenanthus oil lot n. 10608, d = 0.911.
2.2.1- GC-MS analysis:

Analysis of the chemical composition of the essential oils were performed by gas
chromatography coupled to mass spectrometry using an Agilent 5973N GC-MS system
equipped with a HP5MS capillary column (5%-difenil-95%-dimetilsilicone, 30 m X 0,25 mm
X 0,25 um). The injector was set at 250°C and the oven programmed to go from 60 to 240°C
at an increase of 3°C/min. Mass detector was operated in electronic ionization mode, at 70eV.
Helium was used as the carrier gas at a flow rate of 1.0 mL/min. Sample volume was 1.0 L,

and consisted of 1% essential oil in dichloromethane. A split ratio of 1:100 was used. Mass
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spectra were compared with data from Wiley 6™ ed library. The retention indexes were
calculated based on data generated by a series of alkenes (C7-Cyg) injected in the same column
and conditions specified above and compared to those found in the literature (Adams, 2007).
Identification was based in both mass spectrum and retention index. Mentone, menthol,

geraniol and geranial were also identified by injection of authentic standards.

2.2.2- GC-FID analysis:

For quantification, the oils were analyzed in an Agilent 7890A gas chromatograph
equipped with a flame ionization detector and a HP5 capillary column (5%-difenil-95%-
dimetilsilicone, 30 m X 0,32 mm X 0,25 um). Hydrogen was used as the carrier gas at a flow
rate of 1.5 mL/min. All other parameters were the same as described above. Results were

reported in relative percentage of peak area.
2.3-In vitro tests

All in vitro tests using ovine trichostrongylides was performed based on methodology

described by Jackson and Hoste (2010).
2.3.1- Egg hatching assay (EHA):

About 5 g of feces immediately collected from the rectum were mixed to warm water
(37°C) and filtered through 1 mm, 105 pm, 55 um and 25 pm aperture sieves which the latter
retained eggs. Eggs recovered were added to concentrate NaCl solution, centrifuged at 3000
rpm for 3 minutes and the floating eggs were collected using the 25 pm sieve and washed
with distilled water. A suspension of 100 eggs in 20 pL were added to the treatments (water,
tween 80 at 1% and essential oil) at concentrations that ranged from 25 pL/mL and decreased

always in a half until 0.02 puL/mL. The lowest dose was the concentrations that allowed eggs
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to hatch as values found in control group. All concentrations and positive (water + tween 80
at 1%) and negative (water) control had six repetitions and were performed in 24 wells plate,

incubated at 26 °C for 48 h and read in an inverted microscope to count eggs and L.

2.3.2-Larval development assay (LDA):

One hundred eggs were added in the wells plus distilled water in a total volume of 200
UL, incubated for 24h at 27°C to obtain L;. To each well nutritive medium (Escherichia coli,
yeast extract, anphotericin) were added according to Hubert and Kerbouef (1992) and the
treatments (water, DMSO 1%, essential oil) at concentrations that ranged from 6 puL/mL and
decreased the concentration always in a half until 0.02 pL/mL in a total volume of 500 pL.
The lowest dose was the concentrations that allowed larvae to development at a similar value
found in control. All concentrations had six repetitions as well the positive control (water
+DMSO 1%) and negative control (water). They were performed in 24 wells plate and
incubated at 27°C for four days, when it was read in an inverted microscope to count all L3

and larvae not developed.

2.3.3-Larval feeding inhibition assay (LFIA):

Eggs plus distilled water were kept in a petri dish covered and incubated at 27°C for
24h. Active L; were recovered by baermannization using a 25 pum sieve. In a 1.500 pL
Eppendorf tube, one hundred L; were added to the treatments (water, DMSO 1% and essential
oil) on a final volume of 1.500uL at concentrations that startedfrom 3 pL/mL and the
concentration was always decreased in a half until 0.005 pL/mL which lo the west dose was
the concentrations that allowed larvae fed as in control group. Tubes were incubated
horizontally at 24-C for 2 h. Working always in dark from here to the end of procedure, 20 pL
E. coli marked with fluorescein isotiocianate were added and incubated horizontally covered
with aluminum foil for 24 h at 24°C. Tubes were centrifuged at 6.000 rpm/1min, and 800 pL

of superficial liquid was removed. All larvae from the bottom were examined under
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fluorescence microscope counting all nematodes that fed (luminous intestine) thereafter count
under a conventional microscope. All concentrations had six repetitions and positive (water

+DMSO 1%) and negative control. (Alvarez-Sanchez et al., 2005).

2.3.4-Larval esxheathment assay (LEA)

Active L from coproculture were separated using a 25 pm sieve. They were
concentrated by centrifugation at 6000 rpm/2min to prepare a solution with 100 L3/100 pL.
One hundred L; were added to the treatments (water, tween 80 at 2% and essential oil) at
concentrations that ranged from 150 pL/mL and decreased the concentration always in a half
until 20 pL/mL which the lowest dose was the concentrations that allowed larvae exsheath in
60 minutes. The L3 were exposed to emulsion of essential oils during 3h at 22°C, centrifuged
at 6.000rpm/2min, removed superficial water and added distilled water to clean the larvae
from essential oil. This procedure was repeated twice and in the end, 1.200uL with 1.200 L3
was kept as residual in the bottom. A hundred L; were add in each well and 1.400pL of
bleach solution (150uL domestic bleach with 6% sodium hypochlorite and 15.625mL of
water) were added into wells containing 100 Lj. At every 10 minutes the esxheath was
stopped with iodine solution. The gradual exsheatment along 60 minutes guarantees a good
control. All concentrations had two repetitions and positive (water +tween80 at 2%) and

negative control (water). ( Alonso-Diaz et al.,2008).

2.4-Statistics

The calculation of the extract lethal concentration (LC) in the in vitro tests was
performed by fitting regression using normal and logistic distribution, with the parameters
estimative of these equations obtained by maximum likelihood. The procedure used was the
SAS Probit to estimate the LCsy and LCgy with the independent variables (dose) transformed

by natural logarithm (log dose).
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3-Results

In EHA C. schoenanthus essential oil showed the lowest LCsy value (0.05 pL/mL)
when compared to C. martinii and M. piperita essential oils and this result is quite similar to
LCs value of LDA (0.07 pL/mL). The LFIA is the most sensitive test amongst all tests with
the lowest LCs. C. schoenanthus essential oil had LCsg of 0.01 pL/mL in LFIA, while L3 had
the highest dose of essential oil to be inhibited in LEA, with LCsqvalues of 27.1 pL/mL. In all
in vitro tests C. schoenanthus essential oil had the best activity against ovine trichostrongylids
followed by C. martini, while M. piperita presented the worst results (Table 1). The same
activity can be found in LCyy (Table 2). Oxygenated monoterpenes were the major
constituents of the essential oils tested. M. piperita oil had approximately 40% iso-menthol,
followed by 26% iso-menthone, and 11% neoisomenthol. C. martinii oil had approximately
81% of geraniol and 10% geranil acetate, C. schoenanthus oil had approximately 62.5%

geraniol, followed by 12.5% geranial and 8.2% neral (Table 3).

4-Discussion

The objective of this study was to evaluate using four different in vitro tests with three
essential oils. The EHA and LDA are the most widely employed in vitro methods for
detection of anthelmintic resistance in ovine nematodes under field conditions and are usually
interpreted by using LCsp values (Varady et al., 2009). Different LCsy values were found
between assays and it can be attributed to the sensitivity of each stage. Eggs are more resistant
than L; due to its hard and resistant shell. In the other side, L3 are the strongest due to its
double sheath, L; is the most sensitive stage due to its pharynx that is more sensitive than the

axial muscles to the paralysis caused by drugs (Molan et al., 2002). These facts lead to higher
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or lesser volumes of active compound to achieve LCs, for each test.

The sensitivity of immature stages to solvents was observed. In order to make an emulsion
of essential oils and water, solvents were needed. Tween 80 is the best solvent for oils and
were used in EHA and LEA due to the resistance of eggs and L to its toxicity. This solvent
couldn’t be used in LFTA and LDA because leads to high mortality in control groups. This

solvent was substituted by a less toxic compound, the DMSO.

Alvarez-Sanchez et al. (2005) used LFIA to detect anthelmintic resistance to ivermectin
and levamisole and reported that such assay offers the advantage of simplicity and rapidity in
comparison to the LDA. We support this statement. LDA takes a long time to be performed
and problems related to contaminations frequently occur. Although LFIA has the advantage of
simplicity and rapidity it requires an inverted fluorescence microscopy and the necessity to

work in dark.

In this study, C. martinii, C. schoenanthus and M. piperita essential oils presented high
activity against sheep trichostrongylids. The results obtainded in in vitro tests are superior to
other oils tested previously. For instance, Eucalipypus globulus essential oil inhibited 99.3%
egg hatching and 98.7% larval development at concentrations of 21.75 and 43.5 mg/mL
(Macedo et al., 2009). Ocimum gratissimum essential oil inhibited 100% egg hatching at
concentration of 50mg/mL (Pessoa et al., 2002). Croton zehntneri and Lippia sidoides
essential oils inhibited 99.2 and 94.5% larval development at concentration of 10 and 20
mg/mL (Camurga-Vasconcelos et al., 2007). Chenopodium ambrosioides essential oil
inhibited 100% egg hatching at concentration of 1.33 uL/mL (Ketzis et al., 2002). The LC50
of Eucalypus staigeriana essential found in EHA was 0.324 mg/mL and LCs, to LDA was
1.702 mg/mL (Macedo et al., 2010). Those values are higher in comparison to our results that
showed LCso EHA of 0.05; 0.29 and 0.15 uL/mL and LCsy LDA of 0.07; 0.29 and 0.18

uL/mL to C. schoenanthus, M. piperita and C. martinii essential oils respectively, considering
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that 1 mg is equivalent to 1 pL.

For trichostrongylids, the L3 exsheathment is a key process in the life cycle because it is
the step making the transition for the free living to the parasitic stages. Studies on the kinetics
of larvae exsheathment have emphasized that any disturbing factors or toxic compounds
might reduce the parasite establishment in the host. Brunet and Hoste (2006) found different
activity of exsheathment amongst types of monomers of condensed tannins and concluded
that the number of free hydroxyl groups of condensed tannins monomers is a key factor. We
found a clear difference in LCs for C. schoenanthus (27.10 pL/mL), C. martinii (32.02
pL/mL) and M. piperita (68.06 pL/mL) values. Maybe these differences can be associated to

the higher amount of compounds found in C. schoenanthus essential oil.

Terpene is a chemical class of essential oils. C. schoenanthus has approximately 20
constituents being the major compound geraniol, geranial and neral, C. martinii is rich in
geraniol and geranyl acetate and M. piperita has menthol and menthone as the major
constituents. Terpenoid compounds are known to be active against a range of organisms and
the synergy of several terpenoids can be effective on several targets because they are a
complex mixture of compounds that can interact with multiple molecular targets on the

various developmental stages of the parasite (Marie-Magdaleine et al., 2009).

Despite its great facilities in the use of trichostrongylids immature forms to screening
products for anthelmintic use, there are some difficulties in performing the test due to day to
day variation of LCsy values during patent period. These changes were observed in EHA by
Kerboeuf et al. (1989), in LDA by Amarante et al (1997) and in LFIA by Alvarez-Sanchez et
al. (2005). To deal with this situation, Varady et al. (2007) used the criterion of LCgg
concentration to evaluate the sensitivity to thiabendazole in egg hatch and larval development
assay because the comparison of LCs values was not significantly different in field screening.

LCyy concentration able to differentiate group SS (susceptible) and group SN (susceptible
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heterozygote). Our LCgq results showed the same pattern of activity of the LCsy.

5-Conclusion

The in vitro methods provide means to screen rapidly for potential anthelmintic activities
of different plant extracts and to analyze the possible mechanisms involved in the interactions
between active compounds and parasites. C. schoenanthus showed the best anthelmintic
activity in vitro. However due to divergence in conditions encountered in vivo and in vitro
(availability) and/or concentrations of any active compound, metabolic transformation, etc,
the results remain indicative and have to be confirmed through in vivo studies with
experimental nematode infections in target hosts species which is greatly influenced by the

differences in the physiology and the bioavailability of plant preparations within animal hosts.
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Table 1: CLsp (ML/mL) and confidence limits of Cymbopogon schoenanthus, Mentha piperita and Cymbopogon martinii

essential oils in egg hatch assay (EHA), larval development assay (LDA), larval exsheathment assay (LEA) and larval

feeding inhibition assay (LFIA) against gastrointestinal nematodes of sheep.

EHA

LDA

LEA

LFIA

C. schoenanthus

M. piperita

C. martinii

0.05 (0.04 — 0.06)

0.07 (0.06 — 0.08)

27.10 (21.37 - 32.38)

0.01 (0.01 - 0.02)

0.29 (0.27 - 0.31)

0.29 (0.26 - 0.33)

68.06 (61.34 — 75.37)

0.08 (0.07 — 0.09)

0.15 (0.13-0.17)

0.18 (0.17 - 0.19)

32.02 (29.87 — 34.47)

0.04 (0.04 . — 0.05)
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Table 2: CLgg (ML/mL) and confidence limits of Cymbopogon schoenanthus, Mentha piperita and Cymbopogon martinii in

egg hatch assay (EHA), larval development assay (LDA), larval exsheathment assay (LEA) and larval feeding inhibition

assay (LFIA) against gastrointestinal nematodes of sheep.

EHA

LDA

LEA

LFIA

C. schoenanthus M. piperita C. martinii
0.3(0.2-0.4) 1.1(0.9-1.4) 0.7(0.5-1.0)
0.3(0.2-04) 1.0(0.8-1.4) 0.4(04-05)

59.6 (44.2 — 166.7)

02(0.2-0.3)

264.0 (206.1 —381.9)

0.2(0.2-0.3)

64.4 (55.1—82.7)

02(0.2-0.3)




Table 3: Composition (%) and retention index (RI) of Cympobogon martinii, Cympobogon schoenanthus and Mentha
piperita essential oils obtained by gas chromatography coupled to mass spectrometry.

Compound RI C. martinii C. schoenanthus M. piperita
alpha-pinene 935 - - 0.6
sabinene 975 - - 0.2
beta-pinene 978 - - 0.9
6-methyl-5-heptenone 989 - 0.5 -
myrcene 993 0.4 - -
3-octanol 995 - - 0.1
p-cymene 1027 - - 0.4
limonene 1031 0.3 - 2.0
1.8-cineole 1033 - - 46
cis-ocimene 1040 0.4 - -
trans-ocimene 1050 17 - -
n.i. 1061 - - 0.1
sabinene cis-hydrate 1070 - - 0.1
linalool 1101 2.6 1.3 0.1
n.i. 1142 - 0.1 -
isopulegol 1149 - - 0.2
n.i. 1153 - 0.1 -
citronelal 1156 - 0.5 -
menthone 1158 - - 27.4
menthofuran + isomenthone 1167 - - 9.7
menthol 1178 - - 425
4-terpineol 1181 - - 1.3
n.i. 1185 - 0.3 -
isomenthol 1186 - - 0.4
alfa-terpineol 1192 - - 0.2
decanal 1206 - 0.3 -
nerol 1228 0.1 - -
citronelol 1232 - 3.6 -
pulegone 1242 - - 1.8
neral 1244 0.2 8.2 -
piperitone 1257 - 0.2
geraniol 1262 81.4 62.5 -
geranial 1275 21 125 -
neo-menthyl acetate 1277 - - 0.2
menthyl acetate 1295 - - 46
geranyl formiate 1303 - 0.2 -
isomenthyl acetate 1309 10.1 - 0.1
citronelyl acetate 1356 - 0.1 -
eugenol 1360 - 0.2 -
beta-bourbonene 1384 - - 0.1
geranyl acetate 1385 - 2.0 -
beta-elemene 1392 - 0.3 0.1
(E)-beta-caryophyllene 1418 0.8 3.4 1.6
alfa-humulene 1453 - 0.4 0.1
germacrene D 1480 - - 0.1
gamma-humulene 1479 - 0.2 -
alpha-muurolene 1498 - 0.2 -
n.i. 1501 - 0.1 -
gamma-cadinene 1511 - 0.5 -
delta-cadinene 1522 - 0.9 -
n.i. 1523 - - 0.1
elemol 1549 - 0.4 -
caryophyllene oxide 1581 - 0.6 0.2

epi-alpha-cadinol 1640 - 0.3 -



alpha-cadinol
n.i.

1653
1842

0.4
0.1

n.i.: not identified.
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ABSTRACT

The most challenging obstacles to testing plant products for their anthelmintic activity
are: 1) establishing a suitable nematode in vitro assay from which results can be indicative of
potential use against a parasitic nematode of interest, and 2) preparing the extracts in a way
that, once lyophilized, they can be redissolved in solvents that are miscible in the test
medium, and at concentrations well tolerated by the nematode system used for screening. The
use of parasitic nematodes as a screening system is hindered by the difficulty of keeping them

alive for long periods outside their host and by the need to keep infected animals as sources of

\ Codigo de campo alterado
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eggs or adults when needed. This method uses the free-living soil nematode Caenorhabditis
elegans as a system to screen plant extracts for their potential anthelmintic effect against
small ruminant gastrointestinal nematodes, including Haemonchus contortus. This modified
method uses only liquid axenic medium, instead of agar plates inoculated with E. coli, and
two selective sieves to obtain adult nematodes. During screening, the use of a balanced salt
solution (M-9), instead of distilled water, resulted in 95-100% motile adults and improved
results obtained with plant extracts. Adults could be produced to screen at least six plant
extracts within a week. Extracts could be tested at five concentrations each, every 48 hours.
Plant extracts prepared in water, ethanol:water (70:30), and acetone:water (70:30, with 0.5%
acetic acid) were easily redissolved in the M-9 solution with 1% DMSO. While adult worms
tolerated DMSO, ethanol, methanol, and Tween 80 at 1 and 2%, Labrasol (a bioenhancer with
low toxicity to mammals) and Tween 20 were very toxic to C. elegans even at 1%. The high
availability, ease of culture, and rapid proliferation of C. elegans make it a useful screening
system to test plant extracts and other plant products to investigate their potential anthelmintic

activity against parasitic nematodes.

1. Introduction

Caenorhabditis elegans is a free-living nematode naturally found in temperate climate
soils. Experimentation with this nematode began in 1960 when researchers were looking for a
multicellular organism, with a few cells, easy to raise and reproduce for embryonic
developmental studies. Since then, C. elegans has become one of the most studied nematode
in many areas of biology.

The Order Rhabditida, to which C.elegans belongs, is closely associated with the
Order Strongylida, which contains the important trichostrongyle parasites of ruminants,
including Haemonchus contortus and Trichostrongylus spp. The rhabditid and strongylid
nematodes have been placed in Clade V based on genetic analysis. Other common nematodes
of domestic animals and humans are less closely related and have been placed in other clades,
for example, ascarid and filarial worms are in Clade Ill, and Trichinella and Trichuris in
Clade | (Geary et al., 2001).

Simpkin and Coles (1981) examined the effect of commercial anthelmintics using C.
elegans as an experimental model and concluded that this nematode satisfies many of the
criteria needed for an in vitro test because it is cheap, readily available, and easy to work with.

Since then, other parasitologists have also used this model to screen anthelmintic drugs
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(McGaw et al., 2007). Besides the nematocidal effect, the mode of action of anthelmintic
drugs can be evaluated in vitro through nematode behavior, locomotion, and reproduction. If
tested drugs are effective in C. elegans cultures at low concentrations, it is reasonable to
assume that they also will have anthelmintic activity against related nematodes, including

Haemonchus contortus (Thompson et al., 1996).

Gastrointestinal parasitism is a serious problem in small ruminant production due to
high morbidity and high mortality caused by H. contortus and related nematodes. This
problem has been aggravated by the growing reports of multi-drug resistant gastrointestinal
parasites worldwide (Jackson and Coop, 2000; Zajac and Gipson, 2000; Kaplan, 2004). The
best test to determine if a compound has anthelmintic activity for veterinary use would be to
use infections in the natural ruminant host. However, this requires livestock facilities and
large amounts of plant material, making extensive screening not feasible. To facilitate initial
screening of products, several in vitro assays have been used extensively to assess potential
anthelmintic activity of natural compounds, including the egg hatch assay, the larval motility
assay, and others (Jackson and Hoste, 2006; Eguale et al., 2007; Brunet et al., 2008).
However, these assays do not involve testing products against late larval and adult stages,
which are the parasitic stages in the definitive host. Using a C. elegans model for screening
provides the advantages of a low cost in vitro laboratory method combined with the ability to
examine activity of compounds against those nematode stages that are parasitic in related
nematode species. The purpose of this work was to test C. elegans grown and selected (adults)
with sieving, using only axenic liquid cultures, as a model to screen crude plant extracts for

their potential anthelmintic activity.

2. Materials and methods

2.1 Maintenance of C. elegans.

Strain N2 (wild type) acquired from the USDA Nematology Laboratory, Beltsville,
MD, was raised in an axenic culture medium composed of 90 mL distilled water, 3.0 g yeast
extract (catalog No. Y1625, Sigma-Aldrich Corp., St. Louis, MO), 3.0 g soy peptone (Sigma
P-0521), 1.0 g dextrose, 0.25 mL cholesterol (Sigma cat. No. C8667) solution (5 mg
cholesterol per 1.0 mL 95% ethanol). The medium was autoclaved and then supplemented
with 10 mL of a hemoglobin stock solution containing 0.5% hemoglobin (Sigma cat. No. H-
2500) in 100 mL 0.001M KOH filter-sterilized through a 0.45 pum filter, then through a 0.22

pm sterile filter, and frozen until needed. Worms were sub-cultured each week by transferring
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two drops from a one-week-old culture to a sterile scintillation vial containing 1.0 mL of fresh

medium, and incubated at 24°C.

2.2 lIsolation of adult nematodes

Four vials containing 1.0 mL of C. elegans axenic culture 5-7 day old were
transferred to a 50-mL tube and the volume was completed with sterile distilled water. All
stages of the life cycle were present and the tube was placed in a rack for three minutes to
allow settling of the largest nematodes. The surface water containing smaller floating
nematodes was then removed to reduce the volume to approximately 0.5 mL. Nematodes
were separated according to their size using two sieves. Sieves were created by inserting filter
cloth between 2 pieces of PVC pipe of 2.1 and 1.9 cm diameter. First, we used a sterile 38 pm
sieve to allow all remaining smaller nematodes to migrate through the sieve and retain all the
larger ones. More distilled water (about 10 mL) was used to facilitate the migration. This
procedure retained young adults, adults, and large dead nematodes. Nematodes retained in the
38 um sieve were washed with 50 mL sterile water onto a larger mesh 53-um sieve. In this
procedure all active nematodes (adults and young adults) passed through the mesh and all
dead and inactive nematodes were retained because they were unable to migrate. The
selection process was performed twice with each sieve, resulting in a suspension in which
95% of the adult nematodes were alive and active. The final solution had a concentration of
approximately 50 nematodes/20 pl. Nematodes were identified as adults, L4 or L;-L3 by size
and vulva development. The development of the vulva was observed with an inverted
microscope. The L4 could be recognized by the incomplete development of the vulva, which
was present as a clear area with a semi-circular shape in the genital area midway along the
length of the nematode. During the change from L, to adult stage, the vulva becomes
prominent and the clear area disappears (Bull et al., 2007). The tests were performed with
young adults and adults with intact cuticle. Young adults are similar in the morphology to

adults, but smaller.

2.3 Plant extract and assay preparation

Tests were performed using a balanced salt solution (M-9) as the diluent for plant
extracts and for the nematode stock with 50 nematodes/20 pL. M-9 solution was composed of
1.5 g KH,PO4, 3 g NagHPO4, 2.5 g NaCl, 0.5 mL 1 M MgSO,, and sterile distilled water to
bring the volume to 500 mL (Brenner, 1974). Tests were performed in 24-well plates with 6
replicates for each treatment. Each plant extract was tested at concentrations from 2.5 to 25

mg/mL, with a negative control (M-9 with 1% DMSO), and a positive control (levamisole 8
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mg/mL, Sigma No. 196142). Each well contained approximately 50 C. elegans. The 24-well
plates were covered with transparent plastic, and incubated at 24°C for 24 hours. The M-9
medium produced better nematode survival in the control group and higher anthelmintic
efficacy of the plant extracts than using distilled water, perhaps because the medium better

preserved the nematode’s osmotic balance.

2.4 Assay evaluation

After incubation at 24°C for 24 hours, plates were read using an inverted microscope
and all nematodes counted and determined as motile or nonmotile. They were considered
motile when they exhibited any movement, and as non-motile when there were no tail, head,
or pharyngeal movement during 5 seconds of observation (Skantar et al., 2005). It is
important to differentiate motility in adult nematodes from movement caused by larvae
hatched from eggs inside the body of dead C. elegans. The negative control group
consistently showed 95-100% motile nematodes and the positive control (levamisole) 0%

motile nematodes 24 h after incubation.
3. Results and Discussion

Our work showed that, regardless of the plant material tested, lyophilized plant
material extracted with a non-polar solvent such as hexane or petroleum ether (polarity index
= 0) or material in a pure solvent such as ethanol (polarity index = 5.0) was undissolved or
incompletely dissolved in the aqueous M-9 with 1% DMSO (surfactant and absorption
enhancer). Worms could tolerate up to 2% DMSO, ethanol, methanol, acetone or Tween 80
without loss of motility, but 2% Tween 20 and 1% Labrasol (Gatefoseé, France) were very
toxic to C. elegans (Table 4). However, even 2% DMSO or Tween 80 could not dissolve
lyophilized extracts made with low polarity solvents (e.g., dichloromethane, chloroform, pure
ethanol) or non-polar solvents (e.g., hexane, petroleum ether), and those solvents were
avoided for plant extract preparation. Plant extracts used in this screening system were
prepared using either boiling (100°C) water, ethanol:water (70:30) at 60°C for plants without
tannins, or acetone:water with 0.5% acetic acid (70:30) (at room temperature or at 50°C using
pressurized liquid extraction) for plants containing tannins. Extracts made with these solvents,
plus water, were fairly easy to dissolve in M-9 with 1% DMSO. The bioenhancer Labrasol® is
very effective in dissolving lyophilized plant extracts for anthelmintic testing without toxicity
in gerbils at 25% (Squires et al., 2010), or in mice at 66% (Ribnicky et al., 2009), but killed

\ Cddigo de campo alterado
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all nematodes in this in vitro system even at 1% and could not be used for plant extract
dissolution.

This procedure differs from previously described C. elegans screening tests
(Stiernagle, 2006) in the following ways: 1) an axenic liquid medium instead of agar plate
cultivation was used for maintenance of C. elegans, 2) nylon sieves of 30 and 53 pm pore size
were used to select adult nematodes for testing, instead of life cycle synchronization, and 3)
only adult nematodes were used, rather than multiple stages, to carry out the tests. The main
advantages of using axenic liquid medium instead of agar plates with E. coli lawns are: 1)
time and effort saved by avoiding agar plate preparation and inoculation with E. coli as a food
source for C. elegans, 2) reduction in contamination and elimination of antibiotics during the
screening tests, and 3) prevention of bacterial metabolism of phytochemicals in the extract
(Simpkin and Coles, 1981). Additional time savings come from selecting worms through

sieving and avoiding the synchronization process.

4. Conclusion

C. elegans cultured in medium containing heme (hemoglobin), replaces the use of agar
plates with an E. coli lawn. This axenic culture method is simpler and faster method for
providing large numbers of clean, active adult nematodes. By using the selective sieves
described here, it is possible to collect many adults, within one week, in a small volume of
medium. Freezing the culture medium in small volumes makes it rapidly available when
needed, in any quantity, compared to preparation of E. coli inoculated agar plates. As a result,
one person could screen at least six plant extracts with results available in 48 hours instead of

72-96 hours using agar plates with E. coli.
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Table 4. Effect of solvents (DMSO, ethanol, methanol, acetone, Labrasol®, Tween 20 and
Tween 80) in the adult C.elegans motility test. Results are the averages (two tests with six
replicates each) in percent (%) of motile worms observed at each solvent concentration.
Average % motile adult larvae in the M-9 control medium ranged from 95-100% 24 hours

after incubation.

Solvent concentration 1% 2% 4% 6%
DMSO 91.89% 82.86% 45.74% 33.77%
Ethanol 95.85% 87.45% 82.32% 44.05%
Methanol 90.76% 81.11% 83.98% 54.08%
Acetone 90.71% 82.52% 73.58% 56.25%
Labrasol 0% 0% 0% 0%
Tween 20 29.55% 9.23% 9.28% 9.53%

Tween 80 94.28% 94.10 70.30% 44.14%
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CAPITULO 4

TRABALHO CIENTIFICO:

Anthelmintic activity of Cymbopogon schoenanthus, Cymbopogon martinii and Mentha
piperita essential oils against Strongyloides venezuelensis in artificially infected Wistar

rats.

Trabalho a ser enviado para a revista Veterinary Parasitology

Normas para publicagdo da revista presentes no anexo
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Abstract

The anthelmintic activity of Cymbopogon schoenanthus, Cymbopogon martinii and Mentha
piperita essential oils in doses of 1.5 mL/kg or 2.3 mL/kg were evaluated against
Strongyloides venezuelensis in artificially infected Wistar rats. Three doses of essential oils
with intervals of 24 hours were given to 10 rats in each treatment. Animals were fasted for
eight hours before and for three hours after each treatment. Fecal egg count was performed
daily and total worm count done at the fifth day after the first treatment. Negative control

received Sorbitol (diluent) and positive control received albendazole (10 mg/kg of body
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weight). The essential oils, at the dosages tested in the current study, had no anthelmintic
effect against S. venezuelensis in rats. On the other hand, albendazole was highly effective and
demonstrated that this model is a reliable system for assessing in vivo anthelmintic efficacy.

1-Introduction

Anthelmintic resistance developed by Haemonchus contortus and Trichostrongylus spp.
has caused several economic losses resulting in reduction of productivity in small ruminant
industry. For this reason, there is an urgency to find new anthelmintic compounds for

veterinary use, especially for sheep and goats.

Bioassays with rats artificially infected with nematodes are a feasible and fast way to
screen plant products for their potential anthelmintic activity. This is the case of rodents
infected with Strongyloides venezuelensis, which can be used as a nematode model to
evaluate anthelmintic activity. S. venezuelensis is a parasite naturally found in rats, which life
cycle and pathogenicity are well established (Marra et al., 2010). Bioassays using rodents
have the advantage of providing a controlled environment and employ smaller amounts of
drugs or plant extracts than those needed in the target species.

The anthelmintic effect of several plant extracts have been evaluated against different
pathogens. This is the case o plants of Cymbopogon genus that belongs to Poaceae family and
its origin is from Southeast Asia with about 40 species. The distribution of Cymbopogon
species occurs in warm regions from tropics and subtropics (Yentéma et al., 2007). Mentha
genus belongs to Lamiaceae family and is cultivated from temperate to tropical climates.
Cymbopogon martinii, Cymbopogon schoenanthus and Mentha piperita essential oils are used
for production of food, pharmacy and cosmetics industry. It is rich in monoterpenes and its

composition can be highly influenced by ambiental conditions (Souza et al., 2006).

M. piperita, C. martinii and C. schoenanthus essential oils had their effect previously
tested in vitro using larval stages of H. contortus and Caenorhabiditis elegans (Katiki et al.,
unpublished results). Beside results from in vitro tests, some parasiticide effects were
reported, such as: M. piperita essential oil had insecticidal activity against four major
Coleopterans that attack stored grains (Shaaya et al., 1991) and larvicidal and mosquito
repellent (Ansari et al., 2000); C. martinii essential oil had nematicidal activity against
Meloidogyne incognita (Pandey et al., 2000) and C. elegans (Kumaran et al., 2003); and C.
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schoenanthus essential oil had both insecticidal activity against termites (Reticulitermes
speratus) (Koba et al., 2007) and bruchids (Callosobruchus maculates) (Ketoh et al., 2002).

The aim of this work was evaluate the anthelmintic activity of M. piperita, C. martinii
and C. schoenanthus essential oils against Wistar rats artificially infected with the intestinal

nematode Strongyloides venezuelensis.

2-Materials and methods

2.1. Animals

Male Wistar rats 25-days-old and weighing approximately 100 g were acquired from
Central Bioterium-1B-UNESP-Botucatu. Animals were arranged in groups of 5 in plastic

boxes with rodent chow and water provided ad libitum.

All experimental protocols were approved by the FMVZ-UNESP-Botucatu Animal Care
and Use Committee.

2.3. Strongyloides venezuelensis

It was used a S. venezuelensis strain maintained in Wistar rats at the Parasitology
Department-UNESP-Botucatu since its isolation in the 80’s. Fecal cultures were made in Petri
dishes (3 days at 25 °C) for production of infective larvae (L3), which were collected by

baermanization (25 pum sieve and water at 40°C).

2.4. Artificial infection

Rats were infected with 2.000 L3 of S. venezuelensis mixed in 0.1 mL of distilled water,
subcutaneously, in the fold between the belly and the thigh using an insulin syringe. Animals
were kept in the bioterium under controlled light and temperature during 7 days until infection

was confirmed through fecal examination.

2.5. Essential oils:

Oils were acquired from WNF Ind. & Com. LtdaR. Dr. Mario Pinto Serva, 64, Sao Paulo-
SP, Brazil). Details of the oils are the following: Mentha piperita oil lot no.164, density
(d)=0.919; Cymbopogon martinii oil lot no. 081, d=0.884 and Cymbopogon schoenanthus oil
lot n0.10608, d=0.911.
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2.5.1. GC-MS analysis

Analyses of the essential oils chemical composition were performed by gas
chromatography coupled to mass spectrometry using an Agilent 5973N GC-MS system
equipped a HP5MS capillary column (5%-difenil-95%-dimetilsilicone, 30m X 0,25mm X
0,25um). The injector was set at 250°C and the oven programmed to go from 60 to 240°C at
an increase of 3°C/min. Mass detector was operated in electronic ionization mode, at 70eV.
Helium was used as the carrier gas at a flow rate of 1.0mL/min. Sample volume was 1.0pL,
and consisted of 1% essential oil in dichloromethane. A split ratio of 1:100 was used. Mass
spectra were compared with data from Wiley 6™ ed library. The retention indexes were
calculated based on data generated by a series of alkenes (C7-Cyg) injected in the same column
and conditions specified above and compared to those found in the literature (Adams, 2007).
Identification was based in both mass spectrum and retention index. Mentone, menthol,

geraniol and geranial were also identified by injection of authentic standards.

2.5.2. GC-FID analysis

For quantification of components, the oils were analyzed in an Agilent 7890A gas
chromatograph equipped with a flame ionization detector and a HP5 capillary column (5%-
difenil-95%-dimetilsilicone, 30 m X 0.32 mm X 0.25 um). Hydrogen was used as the carrier
gas at a flow rate of 1.5 mL/min. All other parameters were the same as described above.

Results were reported in relative percentage of peak area.

2.6. Pilot test to establish toxicity of essential oils

The doses 0.03; 0.06; 0.1; 0.15; 0.2; 0.5; 0.7; 1; 2; 3; 4; 5; 6 and 7 mL/kg of M. piperita,
C. martinii and C. schoenanthus essential oils were diluted in Tween 80 at 8% and water in a
total volume of 1.000 pL and given by gavage to two rats infected with S. venezuelensis for
each concentration. Rats were kept on fasting for eight hours pre-treatment and three hours
post-treatment. They were evaluated at 1, 2, 4, 12, 24 and 48 hours after dosage, looking for
abnormalities in clinical signs. Fecal egg counts (FEC) were also performed to evaluate
possible effects on number of eggs shed in feces. If death occurred, necropsies were done to

register important pathological finds.
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2.7. Experiment

The intensity of S. venezuelensis infection was determined by counting the FEC. The rats
were allocated into experimental groups based on their previous stratification according to
their FEC. The animals were classified into 10 FEC classes of 8 animals each. RandomLy,
one rat of each class was allocated to groups with ten animals each. The groups were: Group 1
— control, sorbitol; Group 2 — treated with albendazole at 10 mg/kg (0.1 mL/kg body weight
(BW), Valbazen®, Fort Dodge); Group 3 — treated with C. schoenanthus essential oil (1.5
mL/kg BW); Group 4 — treated with C. schoenanthus essential oil (2.3 mL/kg BW); Group 5
— treated with C. martinii essential oil (1.5 mL/kg BW); Group 6 — treated with C. martinii
essential oil (2.3 mL/kg BW); Group 7 — treated with M. piperita essential oil (1.5 mL/kg
BW); and Group 8 — treated with M. piperita essential oil (2.3 mL/kg BW). Animals were
given treatment solutions orally by gavage in a total volume of 1 mL using Sorbitol as a
vehicle, once a day for three consecutive days, except for the albendazole group, in which
animals received a single dose. Animals were fasted for eight hours before and for three hours

after each treatment.

2.8. Fecal examination

Fecal samples (0.5 g) from each animal were collected on the treatment day and again
every day until 48 h after the third treatment administration. Samples were individually

processed using the modified McMaster technique with a sensitivity of 300 eggs/g.

2.9. Parasite recovery

At the end of the experiment (five days after the first treatment), rats were euthanized by
a lethal dose of a mixture of ketamine and xylazine. All digestive system was removed and
the first 1/3 of the intestine was opened longitudinally, rolled up in a piece of wire, hanged in
a 50 mL tube, covered on its totally with saline solution 0.9% and incubated at 39°C for 4
hours. The incubation fluid was preserved with formaldehyde (5%) for later count of S.
venezuelensis parasites in an aliquot of 10% of each sample using a dissecting microscope.
(Ueno and Gongalves, 1998)

2.10. Statistics
Significant differences between groups were assessed by one-way analysis of variance
using the statistical software, Minitab 11.21 (Minitab Inc., USA). Results of FEC or worm
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burden were analyzed under logarithmic transformation (Log (x + 1)) and group means were

compared using the Tukey test at P < 0.05.

3-Results

The potential effective and safe doses of the essential oils given to rats were defined by a
pilot experiment conducted with rats artificially infected with S. venezuelensis dosed at
concentrations ranging from 0.03 mL to 7 mL of essential oil/kg diluted in water plus Tween®
80. As there was no published information about the LDs, for the essential oils to be used,
results from those experiments indicated toxic and lethal concentrations, and doses that could
be tolerated by the animals and that could result in a reduction in FEC after oral intake. Rats
started to die at 3 mL/kg of M. piperita; 4 mL/kg of C. martinii and 5 mL/kg of C.
schoenanthus.

One animal from the group Mentha piperita at 2.3 mL/kg died during the experiment
with signs of intoxication. Neither the control group nor the essential oil groups had any
significant reduction in FEC, while the Albendazole (0.1mL/kg) group had 100% reduction in
FEC (Table 5).

There was no significant difference between the worm burden of groups treated with the
essential oils in comparison with the control group (Table 6). In contrast, Albendazole

reduced the worm count in 100%.

Oxygenated monoterpenes were the major constituents of the essential oils tested.
Mentha piperita oil had approximately 42% menthol, followed by 27% menthone.
Cymbopogon martinii oil had approximately 81% of geraniol and 10% geranil acetate,
Cymbopogon schoenanthus oil had approximately 62.5% geraniol, followed by 12.5%
geranial and 8.2% neral (Table 7).

4-Discussion

Although safety margin was established during the pilot experiment one animal from the

group given M. piperita oil at 2.3 mL/kg died with signs of intoxication. The observed signs
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of intoxication from M. piperita were sudden excitement after oral dosing followed by
dyspnea, lethargy and lateral decumbency. These were also the symptoms of C. martinii
intoxication, while lethargy and lateral decumbency were the observed symptom of C.
schoenanthus. At the end of pilot experiments all three emulsion of essential oils were found
in the stomach of all necropsied rats in larger or smaller amount depending on the dose. The
stomach mucosas were hyperemic and the external blood vessels were enlarged. We
concluded that the essential oils went no further than the stomach. This probably prevented
that the oils reached the small intestine, at doses that could be lethal for the target nematode.
To improve the contact of essential oils with S. venezuelensis, we opted to use Sorbitol
solution at 35% as the vehicle for the oils. Sorbitol is an osmotic cathartic saccharide which is
used to accelerate the expulsion of substances from the upper gastrointestinal tract. The
recommended dose is 4.3 mL/kg of pure sorbitol (American Academy of Clinical Toxicology,
2004), or 3.5 mL/kg of sorbitol 70% (Adams et al., 2006). Rats from all treatments received
Sorbitol diluted with essential oils in a quantity to complete 1 mL (770 pl or 850 pl equivalent
dose of 7.7 mL/kg or 8.5 mL/kg of sorbitol 70%). No signs of increase in intestinal motility or
soften feces was observed in treatments with sorbitol.

In the present study, the nematode S. venezuelensis was chosen because it is a well known
model system to study interactions between nematodes and their hosts, which are rats
(Takamure, 1995). After subcutaneous injection, S. venezuelensis migrates subcutaneously or
intramuscularly towards the upper body and eventually arrives in the lung 45 hours post
infection. The larva passes through the trachea and appears in the small intestine after 60
hours, where it attaches to the mucosa and evolves to the adult form (Takamure, 1995). The
nematode reaches adulthood and eggs are found in feces 5 days after infection (with peak
infection at day 8). The FEC stays high until day 14" and, after that, there is a remarkable
decline. In our experiment, animals were treated during three days starting in the 7" day, with
total of three daily administration of essential oils in order to increase the peak of drug
concentration in the attempt to achieve anthelmintic activity. However no significant
reduction in FEC was found with any essential oil treatment. S. venezuelensis established
itself in the forth initial portion of the small intestine where 95.5% to 97.4% of nematodes are
found (Nakai and Amarante, 2001). In this regard, the third and fourth initial portions of the
intestine were dissected and digested to recover all nematodes. No significant difference
between any treatments with essential oils and control group was found, while Albendazole
treatment eliminated all nematodes.
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Infected rodents are a good model for testing anthelmintic products and sometimes it
leads to promising results. For instance, Squires et al. (2010a) treated gerbils artificially
infected with H. contortus with orange oil emulsion orally at 1200 mg/kg for 5 days. Orange
oil emulsion caused 87.8% reduction in parasites. The orange Valencia oil was mixed with
terpene oil, polysorbate 80, hydrogen peroxide and water (patented formula). This oil contains
approximately 95% d-limonene and the authors attributed the effects to terpenes that may
cause inhibitory effects on growth, parasite enzymes or plasma membrane pumps and
interference with metabolic pathways. Two of our tested essential oils had d-limonene as a
constituent, although at much smaller percentages than that reported by Squires et al. (2010a).
M. piperita had the highest percentage of d-limonene (2%).

In other published reports, products tested for anthelmintic activity in rodents did
not show anthelminticactivity. According to Squires et al. (2010b), in a similar experiment
with gerbils infected with H. contortus, there was no anthelmintic effect of ethanolic extracts
of Artemisia spp. or the essential oil of A. annua. None of the following plant extracts had any
significant anthelmintic effect in the infected mice: Chenopodium ambrosioides crude extract
20% and infusion at 5 and 10% in mice infected with Syphacia obvelata and Aspiculuris
tetraptera (Borba and Amorim, 2004); Luxemburgia octandra ethanolic, methanolic and ethyl
acetate extracts on mice naturally infected with Aspiculuris tetraptera and Vampirolepis nana
(Silva et al., 2005); Albizia anthelmintica, Azadirachta indica, Aframomum sanguineum,
Dodonea angustifoilia, Hildebrandtia sepalosa, Myrsine africana and, Rapanea
melanophloeos water extract in mice infected with Heligmosomoides polygyrus (Githiori et
al., 2003b). According to classification by the efficacy index proposed by the World
Association for the Advancement of Veterinary Parasitology, a synthetic product is effective
when the action is above 90%, moderately effective when its action ranges between 80% and
90%, not very effective when the action ranges between 60% and 80%, and not effective at
levels below 60% (Wood et al., 1995). However, if the effect of a plant extract or essential oil
is unknown, a reduction of 70% in FEC or total worm count (TWC) can be used as a cut-off
point for biological significance because we are not testing one individual compound, but a
crude mixture of natural compounds (GITHIORI et al., 2003a). All essential oils showed less
than 70% of reduction in both FEC and TWC in this experiment. However, almost 70%
activity was obtained by Lippia sidoides essential oil in mice naturally infected with Syphacia
obvelata and Aspiculuris tetraptera, at doses of 1.200 and 1.600 mg/kg, with a reduction in

worm burden of 57.6% and 68.9%, respectively (Camurca-Vasconcelos et al., 2007).
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These facts support the use of rodents naturally or artificially infected with parasites
as models for testing anthelmintic action of plants or products and indicates that the search for
an effective anthelmintic oil should not be abandoned, as illustrated by the recent results
published by Squires et al. (2010a).

In conclusion, the essential oils, at the dosages tested in the current study, had no
anthelmintic effect against S. venezuelensis in rats. On the other hand, albendazole was highly
effective and demonstrated that this model is a reliable system for assessing in vivo

anthelmintic efficacy.
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Table 6: Mean (standard deviation) worm burdens from small intestine of Wistar rats
experimentally infected with Strongyloides venezuelensis after treatment with albendazole,

Cymbopogon schoenanthus, Cymbopogon martinii, and Mentha piperita essential oils.

Groups doses/kg BW nworm average (standard deviation)
Control (sorbitol) # 10 93.10 (39.80),

M. piperita 1.5 m/kg 10 104.9 (57.14),

M. piperita 2.3 ml/kg 9 103.33 (29.80),

C. schoenanthus 1.5 mL/kg 10 70.40 (32.74),

C. schoenanthus 2.3 mL/kg 10 81.70 (24.21),

C. martinii 1.5 mL/kg 10 84.20 (35.64),

C. martinii 2.3 mL/kg 10 90.30 (33.05),
Albendazole* 0.1mL/kg 10 0+0,

Values with different letters in the column are significantly different by Tukey test at 5%.
# Animals from control group received 1mL of Sorbitol (diluent)
*Valbazen® (Pfizer)conc: 10g albendazole/100mL



Table 7: Composition (%) and retention index (RI) of Cympobogon martinii,
Cympobogon schoenanthus and Mentha piperita essential oils analyzed by by gas

chromatography coupled to mass spectrometry.

Compound RI C. martinii C. schoenanthus M. piperita
alpha-pinene 935 - - 0.6
sabinene 975 - - 0.2
beta-pinene 978 - - 0.9
6-methyl-5-heptenone 989 - 0.5 -
myrcene 993 0.4 - -
3-octanol 995 - - 0.1
p-cymene 1027 - - 0.4
limonene 1031 0.3 - 2.0
1.8-cineole 1033 - - 4.6
cis-ocimene 1040 0.4 - -
trans-ocimene 1050 1.7 - -
n.i. 1061 - - 0.1
sabinene cis-hydrate 1070 - - 0.1
linalool 1101 2.6 1.3 0.1
n.i. 1142 - 0.1 -
isopulegol 1149 - - 0.2
n.i. 1153 - 0.1 -
citronelal 1156 - 0.5 -
menthone 1158 - - 27.4
menthofuran + isomenthone 1167 - - 9.7
menthol 1178 - - 425
4-terpineol 1181 - - 13
n.i. 1185 - 0.3 -
isomenthol 1186 - - 0.4
alfa-terpineol 1192 - - 0.2
decanal 1206 - 0.3 -
nerol 1228 0.1 - -

citronelol 1232 - 3.6 -



pulegone

neral

piperitone

geraniol

geranial
neo-menthyl acetate
menthyl acetate
geranyl formiate
isomenthyl acetate
citronelyl acetate
eugenol
beta-bourbonene
geranyl acetate
beta-elemene
(E)-beta-caryophyllene
alfa-humulene
germacrene D
gamma-humulene
alpha-muurolene
n.i.
gamma-cadinene
delta-cadinene

n.i.

elemol
caryophyllene oxide
epi-alpha-cadinol
alpha-cadinol

n.i.

1242
1244
1257
1262
1275
1277
1295
1303
1309
1356
1360
1384
1385
1392
1418
1453
1480
1479
1498
1501
1511
1522
1523
1549
1581
1640
1653
1842

0.2

81.4

21

8.2

62.5

12,5

0.2

0.1
0.2

2.0
0.3
3.4
0.4

0.2
0.2
0.1
0.5
0.9

0.4
0.6
0.3
0.4
0.1

1.8

0.2

0.2

4.6

0.1

0.1

0.1

1.6

0.1
0.1

0.1

0.2
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n.i.: not identified.
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Abstract:

Hematophagous gastrointestinal parasites are responsible for significant
economical losses in small ruminant grazing systems. The fast development of parasites
with resistance to all classes of commercial anthelmintic drugs calls for intensive
research on alternative treatments for the prophylaxis of gastrointestinal nematode
infections in small ruminants. Lambs were artificially infected with a multidrug-
resistant Haemonchus contortus strain and treated with Cymbopogon schoenanthus
essential oil to evaluate its anthelmintic potential. Eighteen animals were allocated into
three groups of six animals each that received one of the following treatments: Group 1
— control, no treatment; Group 2 — C. schoenanthus essential oil (0.2 mL/kg body
weight (BW)); and Group 3 — C. schoenanthus essential oil (0.4 mL/kg BW). Animals
received the oil once a day for 3 consecutive days. Lambs were evaluated clinically
before , at 1, 5, 10, 15 and 20 days after treatment when the slaughter occurred.
Although there was no statistically-significant reduction in fecal egg count (FEC) or in
total worm count after both treatments, the dose of 0.2 mL/kg resulted in lower FEC and
total worm count when compared to the higher dose and to the control. The 0.2 mL/kg
treatment group also presented significantly higher levels of both packed-cell volume
(PCV) and total seric protein (TSP), suggesting a positive physiological effect of the
essential oil. mLThere was no statistical difference among group means regarding to
blood levels of urea, creatinine, albumine, alkaline phosphatase, aspartate amino
transferase and gamma glutamyl transferase. The results indicate that the essential oil of
C. schoenanthus is not toxic at the doses used and provides a beneficial effect on PCV
and TSP of lambs infected with a drug-resistant H. contortus strain, although without

significant reductions in FEC and worm burden.
1-Introduction

Haemonchus contortus is a hematophagous gastrointestinal parasite that
represents the most serious sanitary problem in grazing sheep production systems in the
tropics. The hot and humid climate favors larval development, increasing the reinfection
rates of animals grazing in contaminated pastures. The severe blood loss caused by this

parasite can result in anemia, anorexia, reduction in body weight, depression, and death.
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The multiple drug resistance of this nematode to several commercial anthelmintics
worsen this scenario (Rowe et al., 2008)

The search for alternative methods of parasite control and for products with
anthelmintic activity is an urgent necessity for small ruminant production. Several
researchers have approached this problem, and this study gives sequence to our previous
work, in which anthelmintic activity of Cymbopogon schoenanthus essential oil was
evaluated in vitro by the egg hatch, larval development, larval feeding, and larval
exsheathment assays performed with ovine trichostrongyles (Katiki et al., unpublished

results).

C. schoenanthus is a Graminae that shows sedative, digestive and perfumed
properties, with strong characteristic aroma. Some studies proved its action in biological
control against insects(Ketoh et al., 2002; Koba et al., 2007). Although it was not find
any study on the toxicity of C. schoenanthus essential oil to animals, the use do not
need to be approved by regulatory agencies prior to use in food for humans and don’t

have limit for use but must be conform to good manufacturing practices (FDA, 2006).

The objectives of this work were to evaluate the anthelmintic action of C.
schoenanthus essential oil. In vitro evaluation included the inhibition of egg hatch and
the larval development from oils given orally at 0.2 and 0.4 mL/kg to lambs artificially
infected with H. contortus resistant strain. In vivo evaluation included the fecal egg
count, total worm count, total plasmatic protein, packed cell volume, body weight and
evaluation of eventual intoxication measured by changes in liver enzymes and kidney

profile after the ingestion of essential oils.

2-Materials and Methods

A pilot test was carried out with a purpose to determine the best dose/effect of C.
schoenanthus essential oil against nematodes in lambs. Eighteen East Friesian lambs
naturally infected (94% Haemonchus spp and 6% Trichostrongylus spp) were divided in
three homogeneous groups. Animals received oil at the doses of 0.2 mL/kg or 0.4
mL/kg and a control group received only water. In this pilot test it was observed a
significant reduction in EPG (P<0.05) at the 7™ day after treatment for the 0.2 mL/kg

group in comparison to group 0.4 mL/kg and water. Because of this significant previous
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result, it was proposed the following experiment with artificial infection of H. contortus

in lambs with the same treatments.

2.1. Animals

Eighteen lambs of Santa Ines breed with about three months of age, males, were
kept indoors in collective stalls, where they were fed with coast-cross grass hay, mineral

s

salt and water “ad libitum”.

All experimental protocols were approved by the FMVZ-UNESP-Botucatu
Animal Care and Use Committee.

2.2. Removing parasite infection

Animals received levamisole phosphate (Ripercol F®, Fort Dodge, Brazil) and
albendazole (Valbazen®, Pfizer, Brazil) at double prescription dose at every 24 hours
during three consecutive days to remove any natural infection by nematodes. After this
treatment, fecal samples were collected directly from the rectum of each animal for

fecal examination, to confirm their worm-free status.

2.3. Artificial infection

One donor sheep was maintained with monoespecifical infection with H.
contortus Pratdnia multiresistant strain (levamizole, albendazole, ivermectin,
moxidectin, closantel and triclorfon), which was described by Almeida et al. (2010).
Fecal cultures were done to obtain infective larvae (L3). Each lamb was infected orally
with 4,000 L3 of H. contortus.

2.4. Groups:

Twenty-six days after infection, the sheep were weighed and nematode fecal egg

counts (FEC) were carried out in a fecal sample of each animal. The lambs were
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allocated into experimental groups based on their previous stratification according to
their FEC. The animals were classified into 6 FEC classes of three animals each.
RandomLy, one lamb of each class was allocated to groups with six animals each. The
groups were: Group 1 — control, no treatment; Group 2 — treated with C. schoenanthus
essential oil (0.2 mL/kg body weight (BW)); and Group 3 - treated with C.
schoenanthus essential oil (0.4 mL/kg BW). Animals were fasted for eight hours pre-
treatment and four hours post-treatment. Groups received 0.2mL/kg or 0.4mL/kg of C.
schoenanthus essential oil and water to complete 10 mL in a syringe, while the control
group received just water (10 mL). Water was used to make a sufficient volume to carry
the oil inside the animal body without any lost. This procedure was done three times in

intervals of 24 hours.
2.5. Essential oil

Cymbopogon schoenanthus oil was acquired from WNF Ind. & Com. Ltda (R. Dr.
Mario Pinto Serva, 64, Sao Paulo-SP, Brazil), Lot n0.10608, d=0.911.

The oil was analyzed by gas chromatography (GC) coupled to a mass spectrometry
(MSD) and flame ionization (FID) detectors (Agilent GC System 6890 Series, Mass
Selective Detector, Agilent 5973 Network, FID detector). It was run in two separate
columns (HP-5, 30m, 0.25 mm ID, 0.25&#956;m Film), attached to the MSD and the
FID. The conditions for both inlets and columns were the same: Helium constant flow
was set at 1 mL/min. Inlet temperature was 220°C, temperature program, 60°C 1 min,
4°C/min, 200 °C 15 min. The temperature for the FID was set at 220°C and for MSD at
280°C. Qualitative analysis was based on a comparison of retention times and indexes
on both columns and mass spectra with corresponding data in the literature and mass

spectral libraries (Wiley 275)

2.6. Pre and post-treatment clinical evaluation:

Feces were collected to determine EPG, blood was collected by jugular punction
with vacuum tubes containing EDTA sodium to determine packed cell volume (PCV)
and vacuum tubes without anticoagulant to evaluate total seric protein, albumine and

liver enzymes (alkaline phosphatase-AP, gamma glutamyltransferase-GGT, aspartate
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aminotransferase-AST) and kidney profile (urea, creatinine) at pre determined

moments: before, 1, 5, 10, 15 and 20 days after treatment.

2.7. In vitro assays:

Fecal samples collected directly from the rectum of the lambs were mixed and
five grams from each experimental group were washed to collect eggs and prepare in
vitro assays according to Jackson and Hoste (2010) at the moments: before, 1, 5, 10 and

15 days after treatments.
2.7.1. Egg hatching assay (EHA):

Around one hundred eggs from each group were added to wells and completed
with distilled water to a final volume of 500uL. Each treatment had six replications.
They were performed in 24 wells plate and incubated for 24 hours at 27°C and read in

an inverted microscope to evaluate if treatments caused inhibition of egg hatching.
2.7.2. Larval development assay (LDA):

Around one hundred eggs plus nutritive medium (Escherichia coli, yeast extract,
amphotericin), were added to each well, according to Hubert and Kerbouef (1992). Each
treatment had six replications. They were performed in 24 wells plate and incubated at
27°C for five days, read in an inverted microscope to evaluate the larval development
under treatments.

2.8. Total worm count:

Twenty days after the last treatment lambs were euthanized in an abattoir. They
were fasted previously for 24 hours. The abomasum were separated, its apertures were
closed with a string, identified, packed individually in plastic bags and sent to
laboratory in polystyrene box with ice for worm count. Males and female parasites

were enumerated separately.

An incision in the major curvature of the abomasum was done and the content

was deposited in a graduated bucket (20 liters). The mucosa was washed with tap water
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and this water was collected until complete the volume of 2 litres. Mixing the solution
and using a small scoop, samples were taken from the bucket and placed in flasks to
complete a 200-mL aliquot, which corresponds to 10% of total volume of abomasums

content. Formaldehyde (5%) was added to preservation and posterior counting.

Abomasum was immersed with the mucosa turned down in 200 mL of 0.9%
saline solution pre-heated at 40°C and kept in an incubator at 40°C during 4 hours for
liberation of nematodes enclosed to the mucosa. After incubation the solution was
placed in flasks and added formaldehyde for preservation and posterior counting (Ueno
and Gongalves, 1998).

2.9. Statistics:

Significant differences between groups were assessed by one-way analysis of
variance using the statistical software, Minitab 11.21 (Minitab Inc., USA). Results of
FEC or worm burden were analyzed under logarithmic transformation (Log (x + 1)) and

group means were compared using the Tukey test at P < 0.05.

3-Results

There was no significant difference in FEC, TWC, and total male and total
female counts between control and treated group means (Table 8). However, control
group had higher FEC and TWC in comparison to treated group 0.2 mL/kg (Fig. 6 and
Fig. 7). This fact reflects in significant higher plasmatic protein and PCV in group 0.2
mL/kg in comparison to control group at 20 days after treatment (Table 9). mL

The elimination of essential oil in feces and its activity against H. contortus eggs
and larvae were evaluated by EHA and LDA. It was observed low activity 1 day after
treatment with 0.4 mL/kg of C. schoenanthus (Table 10).

There was no significant difference between group means for hepatic or kidney

profiles after treatment with essential oil (Table 11 and Table 12).

Gas chromatography analysis indicated geraniol (59.42%), geranial (13.49%)

and neral (8.98%) as the major constituents of the oil (Table 13).
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4-Discussion

The reason for C. schoenanthus essential oil has been chosen to be evaluated in
vivo against ovine nematode is because previously, in vitro tests it was detected
anthelmintic activity of the oil against ovine trichostrongylids (Katiki et al., unpublished
results). In the present experiment, 0.2 or 0.4 mL/kg of essential oil or water did not
cause significant reduction in FEC or TWC as expected, however lambs from group 0.2
mL/kg presented higher reduction in FEC and TWC than 0.4 mL/kg or water groups.
Total seric protein and PCV were also significantly higher in 0.2 mL/kg group. All
lambs from all groups began the experiment with high FEC, which remained high
during all experiment. Possibly, as a consequence of the parasite infection, the absence
of protein supply in the diet and low age of the animals, , athe decrease in PCV and TSP

values were observed .

C. schoenanthus essential oil is a complex mixture of terpenes. In this study the
oil is composed by 19 different substances and geraniol, geranial and neral are
predominant. Some studies have reported activity of geraniol against the nematode
Caenorhabiditis elegans (Kumaran et al., 2003). Studies with Valencia orange oil, with
95% terpene limonene, was very efficient in reduce FEC. A single dose of 600 mg/kg
reduce FEC in 97.4% compared to control (Squires et al., 2010). These authors found
better results using single doses 1 mL/kg (in which 60% of formulation is essential oil)
than daily treatments of 1 mL/kg for three days. Their dose is quite similar to ours. FEC
reduction of 76.57% also occurred in goats 15 days after treatment with Eucalyptus
staigeriana essential oil (0.5mL/kg), which major constituent is limonene (28%)
(Macedo et al., 2010). In contrast, C. schoenanthus used in the present study does not
have limonene.

One reason to be worried about using natural products in treatment of illness is
problems related to intoxication. Depending on the lethal dose (LDsp), signs of
intoxication can be observed in low doses. For instance, Ketzis et al (2002) used 0.1, 0.2
and 0.4 mL/kg of Chenopodium ambrosioides essential oil without anthelmintic effect
but with high toxicity due to ascaridol, its major constituent. No information about the
LDso of C. schoenanthus oil was found in literature. In our previous work, rats could

stand doses under 5 mL/kg without deaths. In lambs of the present experiment, this oil
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did not cause any significant alteration in hepatic (albumin, AST, AP, GGT) or renal
(urea, creatinine) profiles. However, the increase of C. schoenanthus dose, in order to
obtain improvement of anthelmintic activity, could cause intoxication, because animals
from group 0.4 mL/kg presented visible discomfort with signs of apathy and drowsiness
for at least 4 hours post-treatment, contradicting the statement that some essential oils
do not need to be approved by regulatory agencies prior to use in food for humans and
don’t have limit for use (FDA, 2006). No abnormal behavior was observed in group

treated with 0.2 mL/kg.

According to our results, group 0.2 mL/kg had mean values of AST (128.0 +
174.2) and GGT (50.50 + 20.37) at the 20" day. Although those values are higher than
those described by Meira Jr et al. (2009) as normal for Santa Inés lambs under 6 months
of age (AST (U/L) of 49.9 + 12.86 and GGT (U/L) of 33.43 + 11.76), it is usual to
observe considerable differences between values reported in different studies. For
example, Pugh (2005) gives the AST reference of 60-280 U/L, Meyer and Harvey
(2004), 98-278 U/L for AST and Kaneko (1997) gives the GGT reference as 20-52
(U/L) for adult ovine. Therefore, we conclude that animals were clinically healthy
because the mean values remained within the reference interval for the species and no

differences were found in comparison to control group.

Interestingly lambs from all groups presented high serum urea values before
treatment, but not higher than the reference interval, and had a marked reduction after
one day post treatments returning gradually to normality after 5 days. The urea is
synthesized on liver resulting from protein catabolism that is changed into ammonia and
eliminated through kidney . This fact occurred as a response for their fast pre and post
treatment and a hypothesis of a change in kidney activity was declined because no
abnormality was found in creatinine. Serum creatinine is a non proteic nitrogen
substance resulting from muscular metabolism and it is not influenced by protein
catabolism or diet (Kaneko, 1997). Althoug no difference was observed in three groups
in terms of seric urea, it is known that the essential oils had an intense bactericide effect
(Friedman et al., 2002) and can infer on ruminal microbes survive, decreasing the

ammonia production and consequentely seric urea.

Lambs from Santa Inés breed, kept without any protein supplementation, were
able to stand infection with H. contortus with FEC over to 5.000 and low PCV for a
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period of 20 days without presenting clinical signs like submandibular edema, anorexia,
apathy or death. This fact can be explained in terms of resilience. Santa Inés is a
Brazilian hair breed more resistant to gastrointestinal nematodes in comparison to wool
breeds such as Suffolk and lle de France (Amarante et al., 2004, Rocha et al., 2004,
Bricarello et al., 2005).

Every product that had anthelmintic effect in vitro should be tested in vivo
because the compound not necessarily will present the same results. Active substances
may be detoxified during liver passage after oral administration (Macedo et al., 2010).
This may be the case of the C. schoenanthus oil that had high activity in in vitro test
(Katiki et al., umpublished results), while the in vivo results were much more modest.
Oil administered to lambs at the highest dose (0.4 mL/kg) was found partially active in
feces. However, after 5 days, no activity was found by essential oils against eggs or

larvae.

5- Conclusion

Although there was no statistically significant reduction in FEC or total worm
count after treatments with both C. schoenanthus essential oil, the dose of 0.2mL/kg
resulted in lower FEC and TWC when compared to the higher dose and to the control
suggesting a positive physiological effect of the essential oil without toxicity to animals
at these doses. We observed that the essential oil at dose of 0.4 mL/kg was eliminated
into feces and inhibited partially the development of larvae which couldn’t provide an
additional benefit in curbing the level of re-infection of animals grazing in contaminated

pasture.
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Table 8. Mean (standard error) of log-transformed values of fecal egg count(log FEC) at

before, 1 day, 5 days, 10 days, 15 days and 20 days after treatment and log-transformed

total worm count (TWC) from lambs artificially infected with Haemonchus contortus

and treated with Cymbopogon schoenanthus essential oil at doses of 0.2 mL/kg or 0.4

mL/kg

Group FEC before  FEC1 day FECS days FEC10days  FEC15days FEC20days TWC
0.2mL/kg  3.80(0.18) 407(0.28)  3.81(0.89)  3.79(0.88) 3.81(0.66) 3.73(0.86) 2.79(0.74)
04ml/kg 3.76(0.23)  4.35(0.20) 4.05(0.34)  4.100.21)  3.93(0.41)  3.87(0.23)  2.99 (0.35)
Control 3.73(0.28)  4.26(0.22)  4.09(0.15)  4.32(0.20)  4.27(0.22)  4.15(0.23)  3.15(0.15)

There was no significant difference among group means by Tukey test at 5%.
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Figure 6. Mean (standard error bar) of Haemonchus contortus adults parasites counting
(male and female) and total count in artificially infected lambs after treatment with
Cymbopogon schoenanthus essential oil during three consecutive days at a dose of 0.2
or 0.4 mL/kg.
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Figure 7: Mean (standard error bar) of fecal egg count (FEC) evaluated before, at 1, 5,
10, 15 and 20 days inlambs artificially infected with Haemonchus contortus after
treatment with Cymbopogon schoenanthus essential oil at doses of 0.2 mL/kg and 0.4
mL/kg.
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Table 9. Mean (standard error) of packed cell volume (PCV) and total seric protein
(TSP) evaluated before, at 5 days, 10 days and 20 days in lambs artificially infected
with Haemonchus contortus and treated with Cymbopogon schoenanthus essential oil at
doses of 0.2 mL/kg and 0.4 mL/kg.

PCV (%) before 5 days 10 days 20 days
0.2ml/kg 26.50 (3.61)a 21.83(3.06)a 23.16 (4.11)a  24.50 (2.74)a
0.4mlL/kg 22.33(459)a 21.50(3.27)a 21.16(2.40)a  21.17 (3.66)ab
Control 24.42 (6.42)a 21.14 (4.41)a 20.71(3.40)a  19.14 (2.79)b
TSP (g/dL)

0.2ml/kg 6.37(0.27)a  6.04 (0.38)a 6.52 (0.77)a 6.97 (0.72)a
0.4ml/kg 5.79 (0.27)b  5.86 (0.44)a 6.15 (0.53)a 6.22 (0.37)ab
Control 5.70 (0.41)b  5.65 (0.42)a 5.79 (049)a 5.81 (0.42)b

For each variable, values with different letters in the columns are significantly different by Tukey test at 5%.
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Table 10. Mean (standard error) percentage of in vitro test egg hatch assay (EHA) and
larval development assay (LDA) of Haemonchus contortus in lambs at 1 day, 5 days, 10

days and 15 days after treatment with 0.2mL/kg, 0.4mL/kg Cymbopogon schoenanthus

essential oil.

EHA (%) 1day 5 days 10 days 15 days
0.2mL/kg 98(0) 95(2.09) 97.17(3.13) 98.66(0.81)
0.4ml/kg 94.66(1.63)a 98.66(0.81)a 99.5(0.54) 98.16(1.16)
Control 97.33(1.50) 95.33(1.03) 99.16(0.75) 97.83(1.60)
LDA (%)

0.2ml/kg 93.33(3.44) 83(2.76) 84.33(3.61) 96.83(1.47)
0.4ml/kg 73.17(6.40)a 84.83(4.49) 87.83(3.19) 96.50(1.22)
Control 86.17(5.04) 88(5.66) 87.17(3.82) 97.33(0.81)

For each in vitro test, values with different letters in the columns are significantly different by Tukey test at 5%.
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Table 11. Mean (standard error) of serum urea and creatinine evaluated before, at 5
days, 10 days and 20 days in lambs artificially infected with Haemonchus contortus and
treated with Cymbopogon schoenanthus essential oil at doses of 0.2mL/kg and
0.4mL/kg.

Urea (mg/dL) before 5 days 10 days 20 days
0.2mL/kg 42(4.38) 19.17(7.91) 21.17(0.06) 30.50(11.20)
0.4mL/kg 38.83(4.58) 18.5(4.04) 22.17(0.04) 30.17(8.08)
Control 40.57(3.05) 22.14(4.67) 27.71(0.03) 30.57(8.72)

Creatinine (mg/dL)

0.2ml/kg 0.89(0.10) 0.92(0.10) 1.09(0.06) 0.95(0.10)
0.4mL/kg 0.79(0.09) 0.84(0.08) 0.96(0.04) 0.85(0.11)
Controle 0.84(0.07) 0.92(0.15) 1(0.03) 0.92(0.11)

There was no significant difference among group means by Tukey test at 5%.



Table 12. Mean (standard error) of albumine, liver biochemical enzymes alkaline

phosphatase (AP), aspartate amino transferase (AST) and gama glutamyl transferase

(GGT) evaluated before, at 5, 10 and 20 days inlambs artificially infected with

Haemonchus contortus and treated with Cymbopogon schoenanthus essential oil at

doses of 0.2 mL/kg and 0.4 mL/kg.

Albumine (g/dL)
0.2ml/kg
0,4mL/kg

Control

AP (UI/L)
0.2mL/kg
0.4mL/kg

Control

AST (UI/L)
0,2ml/kg
0,4mL/kg

Control

GGT (UI/L)
0.2ml/kg
0.4ml/kg

Control

before 5 days 10 days 20 days
2.86(0.24) 2.75(0.15) 2.81(0.34) 2.96(0.21)
2.65(0.17) 2.61(0.27) 2.75(0.35) 2.81(0.26)
2.77(0.25) 2.81(0.21) 2.85(0.33) 2.70(0.23)
104.5(46.5) 76.67(17.06) 112(74) 76.8(39.4)
158.7(88.3) 98.8(63.2) 83(61.7) 92.8(47.7)
116.3(27) 107(36.7) 93.6(29.3) 84.6(29)
57(5.06) 62.17(18.58) 72.33(35.8) 128(174.2)
50(5.93) 58(6.51) 65.67(10.89) 57.5(8.22)
52.42(7.5) 57.14(15.1) 59.57(14.12) 60(11.47)
44.33(3.78) 37.17(5.71) 38.5(9.63) 50.50(20.37)
51.33(14.14) 42.67(11.66) 40(11.45) 45(8.25)
49.29(5.44) 41.71(6.10) 42.86(7.17) 43.86(6.52)

There was no significant difference among group means by Tukey test at 5%.

98
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Tablel3. Retention index (RI), retention time (RT), components and their relative

percentage in Cymbopogon schoenanthus essential oil according to Wiley 275 spectra

library.
RI RT Component Relative
percentage
858 4.68 (E)-2-Hexenal 0.74
988 7.67 6-Methyl-5-hepten-2-one 0.40
1100 11.14 Linalool 0.99
1156 12.88 Citronellal 0.84
1206 1461 N-Decanal 0.42
1232 15.39 Citronellol 3.18
1245 15.8 Neral 8.98
1259 16.28 Geraniol 59.42
1274 16.77 Geranial 13.49
1303 17.78 Geranyl formate 0.17
1356 19.41 Citronellyl acetate 0.33
1360 19.54 Eugenol 0.34
1385 20.37 Geranyl acetate 4.80
1425 21.61 (E) Caryphyllene 2.19
1460  22.65 a-Humulene 0.28
1504  24.01 a-Muurolene 0.13
1528  24.69 g-cadinene 0.48
1554 25.43 Cadina 1,4 diene 0.25
1589  26.46 Caryophyllene oxide 0.43

Total analyzed 94.09
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CAPITULO 6
DISCUSSAO GERAL

Parasitas gastrointestinais sdo responsaveis por perdas econémicas significantes
em sistemas de produc¢do de ovinos. O rapido desenvolvimento de resisténcia a todas as
classes de anti-helminticos comerciais torna necessaria o desenvolvimento de métodos
alternativos de profilaxia destes parasitas. O 6leo essencial das plantas Mentha piperita,
Cymbopogon martinii e Cymbopogon schoenanthus foram escolhidas para serem
avaliadas em testes in vitro. Os testes realizados in vitro tm a vantagem de serem
rapidos, simples e baratos dando o resultado inicial da atividade anti-helmintica dos
compostos. Os dleos foram previamente escolhidos devido a relatos que os indicam para
fins inseticidas (KOBA et al., 2007; KETOH et al., 2002), repelentes (ANSARI et al.,
2000) e nematicidas (PANDEY et al., 2000; KUMARAN et al., 2003).

Nos testes in vitro os nematdides foram expostos a diversas concentragfes dos
referidos dleos essenciais para determinagdo da concentragdo capaz de inibir 50% da
atividade avaliada (CLsp). Nos testes in vitro avaliou-se a eclodibilidade, o
desenvolvimento larval, a alimentag&o larval e 0 desembainhamento larval. Em todos os
testes, o0 6leo essencial de C. schoenanthus demonstrou melhor atividade quando

comparado ao 6leo de M. piperita e C. martinii.

Embora o éleo essencial de C. schoenanthus tenha determinado melhor atividade
anti-helmintica em testes in vitro, os trés 6leos foram avaliados sobre ratos Wistar
infectados artificialmente com parasita intestinal Strongyloides venezuelensis. A
justificativa para a avaliagdo anti-helmintica dos trés 6leos in vivo foi devido aos valores
de CLsp encontrados em testes in vitro terem sido similares. Outro fator que também
motivou a avaliacdo dos trés 6leos em ratos foi o fato de que muitas divergéncias podem
ocorrer em resultados de teste in vitro e testes in vivo devido & biodisponibilidade dos
compostos ativos e a biotransformacdo metabdlica que ocorre no organismo Vivo

(HOUZANGBE-ADOTE et al., 2005; BIZIMINYERA et al., 2006; ASSIS et al., 2003).
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Fonte: arguivo 985503'

FIGURA 8: Infeccéo artificial subcutanea de Strongyloides venezuelensis em ratos

Wistar na prega da virilha.

Testes in vivo utilizando roedores infectados artificialmente com nematoides sdo
métodos rapidos e adequados para selecionar extratos de plantas com potencial anti-
helmintico (SQUIRES et al., 2010). Este é o caso de testes em que se utilizam ratos
infectados artificialmente com S. venezuelensis, cujo ciclo de vida e patogenicidade
estdo bem esclarecidos. Além disso, ensaios com ratos tém como vantagem a utilizacéo
de menores quantidades de drogas ou extratos de plantas quando comparados com as
espécies alvo e também por proporcionarem condi¢cbes ambientais controladas

(MARRA et al., 2010).

Os oOleos essenciais de C. schoenanthus, M. piperita e C. martinii foram
administrados nas dosagens de 1,5 mL/kg e 2,3 mL/kg a ratos artificialmente infectados
com S. venezuelensis durante trés dias. Nao houve reducéo significativa da contagem de
ovos nas fezes e também na contagem parasitaria do intestino quando comparadas ao

grupo controle. Animais que receberam anti-helmintico albendazol tiveram redugdo de
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100% dos parasitas, fato que demonstra que este modelo é adequadopara se verificar
atividade anti-helmintica de produtos. SQUIRES et al. (2010) trataram gerbils
(Meriones umguiculatus) infectados artificialmente com Haemonchus contortus com
uma emulsdo de 6leo essencial de laranja. Este produto reduziu 87,8% dos parasitas,
indicando que a procura por 6leos essenciais efetivospossuem potencial para uso futuro

no controle de parasitas gastrointestinais.

O oleo essencial de C. schoenanthus foi escolhido para ser avaliado em cordeiros
artificialmente infectados por H. contortus devido aos resultados dos testes in vitro
indicarem uma melhor atividade anti-helmintica e também devido aos resultados
significantemente positivo de um teste piloto realizado com cordeiros naturalmente

infectados.

No presente estudo, os cordeiros foram artificialmente infectados com uma cepa de
H. contortus multi-resistente aos anti-helminticos (ALMEIDA et al., 2010) e o 6leo
essencial foi administrado na dosagem de 0,2 ou 0,4 mL/kg a cada 24 horas, por 3 dias.
N&o houve reducdo significativa da contagem de ovos nas fezes ou da contagem
parasitaria quando comparados ao grupo controle, no entanto, cordeiros que receberam
0,2 mL/kg apresentaram maior reducdo da contagem de ovos nas fezes e contagem
parasitaria do que cordeiros do grupo controle e dos que receberam 0,4 mL/kg. Essa
diferenca proporcionou maior valor de proteina sérica e hematdcrito sugerindo

beneficios fisiolégicos com a menor dose a qualndo apresentou toxicidade.
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Fonte: arquivo pessoal |

FIGURA 9: Haemonchus contortus adultos machos com espicula (seta para cima) e
fémea com Utero em formato espiralado(seta para baixo) registrados por meio de lupa

durante a contagem total de parasitas presentes no abomaso.

O o6leo essencial de C. schoenanthus administrado na dosagem de 0,4 mL/kg em
cordeiros infectados com H. contortus foi em parte eliminado nas fezes e inibiu in vitro

parcialmente o desenvolvimento das larvas.

Este trabalho também introduzuma metodologia de teste in vitro para avaliacdo de
atividade anti-helmintica de extratos vegetais utilizando-se o nematdide de vida livre
Caenorhabiditis elegans que difere das metodologias tradicionais descritas na literatura
(STIERNAGLE, 2006) no que se refere ao tipo de meio de cultura, ao método de
selecdo de nematoides adultos e metodologia de teste. A vantagem do uso do meio
liquido ao invés de meio em Agar-gel inoculado com Escherichia coli é o tempo
economizado na preparagdo dos testes, a reducdo na contaminagdo e a eliminagdo do
uso de antibiéticos durante os testes e a prevengdo do metabolismo dos compostos

fitoquimicos do extrato pelas bactérias. Além disso, o tempo de preparacdo e obtencéo

[ Formatado: Fonte: 8 pt
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dos resultados é de 48 horas ao invés de 72-96 horas quando se utilizaas placas de Agar-

gel.

CONSIDERACOES GERAIS

Os sistemas de producdo de pequenos ruminantes apresentam um problema real

que é o parasitismo gastrintestinal e a resisténcia dos parasitas aos anti-helminticos.

Este trabalho permitiu o conhecimento sobre técnicas in vitro e in vivo para
detecgdo de atividade anti-helmintica dos medicamentos disponiveis no mercado, bem
como, a avaliagdo de resisténcia dosparasitas sobre estes medicamentos. Este mesmo
procedimento que avalia os compostos farmacologicamente ativos, também pode ser

utilizado para se avaliar o potencial anti-helmintico de extratos vegetais.

O estudo da atividade anti-helmintica de extratos vegetais e compostos
fitoquimicos é fascinante, pois muitos fatores contribuem para a composigdo quimica da
planta, tal como espécie, local de cultivo, época de colheita, parte da planta,
luminosidae a que a planta é exposta, ataque de pragas sobre a planta, sao fatores que
podem interferir na qualidade de um extrato vegetal. Todos estes fatores levam ao
profissional que pesquisa estes bioativos a fazer diversas parcerias, com profissionais de
diversas &reas, para um melhor aproveitamento do potencial da planta. Em nossos
trabalhos, os profissionais fitoquimicos foram requisitados para o melhor
compreendimento dos constituintes das plantas e para se fazer uma relagdo sobre
atividade anti-helmintica e os principais componentes sobre o aspecto da anélise

fitoquimica.

Os testes in vitro sdo considerados essenciais para se fazer um pré-diagnostico
sobre a atividade anti-helmintica da planta. Testes usando-se tricostrongilideos e testes
usando-se 0 nematoide de solo C.elegans foram utilizados neste trabalho. Todos os
tipos de teste sdo acurados para a avaliagdo em questdo e o seu uso esté relacionado com
as facilidades de cada laboratério e com a qualificacdo dos profissionais que fardo as

avaliacoes.

Os testes in vivo sdo mais especificos, porém mais caros e sdo essenciais para o

diagnostico final sobre a atividade anti-helmintica do extrato vegetal em quest&o.
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CONCLUSOES GERAIS

- O 6leo essencial de Cymbopogon schoenanthus apresenta melhor atividade anti-
helmintica in vitro quando comparado aos 6leos essenciais de Cymbopogon martinii e
Mentha piperita.

- Os o6leos essenciais de Cymbopogon martinii, Cymbopogon schoenanthus e Mentha
piperita, nas dosagens de 1,5 mL/kg ou 2,3 mL/kg, administrados via oral a cada 24
horas por trés dias consecutivos, ndo tem atividade anti-helmintica sobre ratos
artificialmente infectados com Strongyloides venezuelensis.

-Em cordeiros infectados com Haemonchus contortus, o 6leo essencial de Cymbopogon
schoenanthus, na dosagem de 0,2 mL/kg, administrado via oral a cada 24 horas por trés

dias consecutivos, proporciona redugdo moderada da contagem de ovos nas fezes e na

carga parasitaria, enquanto que na dosagem de 0,4 mL/kg foi ineficaz.

-O 6leo essencial de Cymbopogon schoenanthus ndo é téxico para cordeiros nas

dosagens de 0,2 e 0,4 mL/kg.

-0 oleo essencial de C. schoenanthus, administrado na dosagem de 0,4 mL/kg para
cordeiros infectados com H. contortus, € eliminado nas fezes onde prejudicou

parcialmente o desenvolvimento das larvas do referido parasita.

- O teste in vitro utilizando-se 0 nematodide de vida livre Caenorhabiditis elegans pode
ser incorporado na rotina de testes in vitro destinados a avaliacdo da atividade anti-
helmintica de extratos ou dleos vegetais servindo como referéncia na escolha de

produtos naturais e extratos vegetais com potencial antihelmintico.
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(EVPC) and the World Association for the Advancement of Veterinary Parasitology

(WAAVP).
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Types of contributions

1. Original research papers (Regular Papers)
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3. Rapid Communications

4. Short Communications

5. Letters to the Editor
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Original research papers should report the results of original research. The material
should not have been previously published elsewhere, except in a preliminary form.
Review articles should cover subjects falling within the scope of the journal which are
of active current interest. They may be submitted or invited.

Rapid Communications should contain information of high 'news'/scientific value
worthy of very rapid publication. Rapid Communications should be submitted to the
journal as such (i.e. clearly labelled as a RC) and should, in general, not exceed 2000
words in length. Upon receipt, they will be subject to rapid assessment and if accepted,
published with priority.

Short Communications should consist of original observations or new methods within
the scope of the journal. Reports of observations previously published from different
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noteworthy. The Communications should be concise with the minimum of references,
and cover no more than four pages of the journal; they need not be formally structured
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comprehension.

Letters to the Editor offering comment or useful critique on material published in the
journal are welcomed. The decision to publish submitted letters rests purely with the
Editors-in-Chief. It is hoped that the publication of such letters will permit an exchange
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Book reviews will be solicited by the Book Review Editor. Unsolicited reviews will not
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Dr F.H.M. Borgsteede

Animal Sciences Group, Wageningen UR
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Laboratory of Parasitic Diseases

P.O. Box 65
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classifications for their papers from a given list, as well as a category designation
(Original Research Paper, Short Communication, and so on). Electronic PDF proofs
will be automatically generated from uploaded files, and used for subsequent reviewing.

Authors are invited to suggest the names of up to 5 referees (with email addresses)
whom they feel are qualified to evaluate their submission. Submission of such names
does not, however, imply that they will definitely be used as referees.

Authors should send queries concerning the submission process or journal procedures to
AuthorSupport@elsevier.com. Authors can check the status of their manuscript within
the review procedure using Elsevier Editorial System.

Authors submitting hard copy papers will be asked to resubmit using Elsevier Editorial
System.

Submission of an article is understood to imply that the article is original and is not
being considered for publication elsewhere. Submission also implies that all authors
have approved the paper for release and are in agreement with its content. Upon
acceptance of the article by the journal, the author(s) will be asked to transfer the
copyright of the article to the Publisher. This transfer will ensure the widest possible
dissemination of information.

All authors should have made substantial contributions to all of the following: (1) the
conception and design of the study, or acquisition of data, or analysis and interpretation
of data, (2) drafting the article or revising it critically for important intellectual content,
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Preparation of manuscripts

1. Manuscripts should be written in English. Authors whose native language is not
English are strongly advised to have their manuscripts checked by an English-speaking
colleague prior to submission.

Language Editing: Elsevier's Authors Home provides details of some companies who
can provide English language and copyediting services to authors who need assistance
before they submit their article or before it is accepted for publication. Authors should
contact these services directly. Authors should also be aware that The Lucidus
Consultancy edit@Ilucidusconsultancy.com offers a bespoke service to putative
contributors to Veterinary Parasitology who need to arrange language improvement for
their manuscripts. For more information about language editing services, please email
authorsupport@elsevier.com.

Please note that Elsevier neither endorses nor takes responsibility for any products,
goods or services offered by outside vendors through our services or in any advertising.
For more information please refer to our terms & conditions
=+http://www.elsevier.com/termsandconditions.

2. Manuscripts should have numbered lines, with wide margins and double spacing
throughout, i.e. also for abstracts, footnotes and references. Every page of the
manuscript, including the title page, references, tables, etc., should be numbered.
However, in the text no reference should be made to page numbers; if necessary one
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3. Manuscripts in general should be organized in the following order:

Title (should be clear, descriptive and not too long)

Name(s) of author(s)

Complete postal address(es) of affiliations

Full telephone, Fax No. and e-mail address of the corresponding author

Present address(es) of author(s) if applicable

Complete correspondence address including e-mail address to which the proofs should
be sent

Abstract

Keywords (indexing terms), normally 3-6 items. Please refer to last index (Vol. 100/3-
4).

Introduction

Material studied, area descriptions, methods, techniques

Results

Discussion

Conclusion

Acknowledgments and any additional information concerning research grants, etc.
References

Tables

Figure captions

Tables (separate file(s))

Figures (separate file(s)).

4. Titles and subtitles should not be run within the text. They should be typed on a
separate line, without indentation. Use lower-case letter type.

5. Sl units should be used.

6. Elsevier reserves the privilege of returning to the author for revision accepted
manuscripts and illustrations which are not in the proper form given in this guide.

Abstracts
The abstract should be clear, descriptive and not longer than 400 words.

Tables

1. Authors should take notice of the limitations set by the size and lay-out of the journal.
Large tables should be avoided. Reversing columns and rows will often reduce the
dimensions of a table.

2. If many data are to be presented, an attempt should be made to divide them over two
or more tables.

3. Tables should be numbered according to their sequence in the text. The text should
include references to all tables.

4. Each table should occupy a separate page of the manuscript. Tables should never be
included in the text.

5. Each table should have a brief and self-explanatory title.

6. Column headings should be brief, but sufficiently explanatory. Standard
abbreviations of units of measurement should be added between parentheses.

7. Vertical lines should not be used to separate columns. Leave some extra space
between the columns instead.

8. Any explanation essential to the understanding of the table should be given as a
footnote at the bottom of the table.
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Illustrations

1. All illustrations (line drawings and photographs) should be submitted as separate
files, preferably in TIFF or EPS format.

2. lllustrations should be numbered according to their sequence in the text. References
should be made in the text to each illustration.

3. lllustrations should be designed with the format of the page of the journal in mind.
Ilustrations should be of such a size as to allow a reduction of 50%.

4. Lettering should be big enough to allow a reduction of 50% without becoming
illegible. Any lettering should be in English. Use the same kind of lettering throughout
and follow the style of the journal.

5. If a scale should be given, use bar scales on all illustrations instead of numerical
scales that must be changed with reduction.

6. Each illustration should have a caption. The captions to all illustrations should be
typed on a separate sheet of the manuscript.

7. Explanations should be given in the figure legend(s). Drawn text in the illustrations
should be kept to a minimum.

8. Photographs are only acceptable if they have good contrast and intensity.

9. If you submit usable colour figures, Elsevier would ensure that these figures appeared
free-of-charge in colour in the electronic version of your accepted paper, regardless of
whether or not these illustrations are reproduced in colour in the printed version. Colour
illustrations can only be included in print if the additional cost of reproduction is
contributed by the author: you would receive information regarding the costs from
Elsevier after receipt of your accepted article.

Please note that because of technical complications which may arise by converting
colour figures to 'grey scale' (for the printed version, should you not opt for colour in
print), you should submit in addition usable black and white figures corresponding to
all colour illustrations.

10. Advice on the preparation of illustrations can be found at the following URL.:
=+http://www.elsevier.com/artworkinstructions

Preparation of supplementary data

Elsevier now accepts electronic supplementary material to support and enhance your
scientific research. Supplementary files offer the author additional possibilities to
publish supporting applications, movies, animation sequences, high-resolution images,
background datasets, sound clips and more. Supplementary files supplied will be
published free of charge online alongside the electronic version of your article in
Elsevier web products, including ScienceDirect: =+http://www.sciencedirect.com. In
order to ensure that your submitted material is directly usable, please ensure that data
are provided in one of our recommended file formats. Authors should submit the
material together with the article and supply a concise and descriptive caption for each
file. For more detailed instructions please visit
=+http://www.elsevier.com/artworkinstructions.
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the text of the manuscript. The manuscript should be carefully checked to ensure that
the spelling of author's names and dates are exactly the same in the text as in the
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reference list.

2. In the text refer to the author's name (without initial) and year of publication,
followed — if necessary — by a short reference to appropriate pages. Examples: "Since
Peterson (1988) has shown that..." "This is in agreement with results obtained later
(Kramer, 1989, pp. 12-16)".

3. If reference is made in the text to a publication written by more than two authors the
name of the first author should be used followed by "et al.”. This indication, however,
should never be used in the list of references. In this list names of first author and co-
authors should be mentioned.

4. References cited together in the text should be arranged chronologically. The list of
references should be arranged alphabetically on author's names, and chronologically per
author. If an author's name in the list is also mentioned with co-authors the following
order should be used: publications of the single author, arranged according to
publication dates — publications of the same author with one co-author — publications of
the author with more than one co-author. Publications by the same author(s) in the same
year should be listed as 1974a, 1974b, etc.

5. Use the following system for arranging your references:

a. For periodicals

Lanusse, C.E., Prichard, R.K., 1993. Relationship between pharmacological properties
and clinical efficacy of ruminant anthelmintics. Vet. Parasitol. 49, 123-158.

b. For edited symposia, special issues, etc., published in a periodical

Weatherley, A.J., Hong, C., Harris, T.J., Smith, D.G., Hammet, N.C., 1993. Persistent
efficacy of doramectin against experimental nematode infections in calves. In:
Vercruysse, J. (Ed.), Doramectin — a novel avermectin. Vet. Parasitol. 49, 45-50.

c. For books

Blaha, T. (Ed.), 1989. Applied Veterinary Epidemiology. Elsevier, Amsterdam, 344 pp.
d. For multi-author books

Wilson, M.B., Nakane, P.K., 1978. Recent developments in the periodate method of
conjugating horseradish peroxidase (HRPO) to antibodies. In: Knapp, W., Holubar, K.,
Wick, G. (Eds.), Immunofluorescence and Related Staining Techniques. North Holland,
Amsterdam, pp. 215-224.

6. Abbreviate the titles of periodicals mentioned in the list of references in accordance
with BIOSIS Serial Sources, published annually by BIOSIS. The correct abbreviation
for this journal is Vet. Parasitol.

7. In the case of publications in any language other than English, the original title is to
be retained. However, the titles of publications in non-Latin alphabets should be
transliterated, and a notation such as "(in Russian)" or "(in Greek, with English
abstract)" should be added.

8. Work accepted for publication but not yet published should be referred to as "in
press".

9. References concerning unpublished data and "personal communications" should not
be cited in the reference list but may be mentioned in the text.

10. Web references may be given. As a minimum, the full URL is necessary. Any
further information, such as Author names, dates, reference to a source publication and
so on, should also be given.

11. Articles available online but without volume and page numbers may be referred to
by means of their Digital Object identifier (DOI) code.

Formulae
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1. Give the meaning of all symbols immediately after the equation in which they are
first used.

2. For simple fractions use the solidus (/) instead of a horizontal line.

3. Equations should be numbered serially at the right-hand side in parentheses. In
general only equations explicitly referred to in the text need be numbered.

4. The use of fractional powers instead of root signs is recommended. Powers of e are
often more conveniently denoted by exp.

5. In chemical formulae, valence of ions should be given as, e.g. Ca®*, notas Ca™.

6. Isotope numbers should precede the symbols e.g. *20.

7. The repeated use of chemical formulae in the text is to be avoided where reasonably
possible; instead, the name of the compound should be given in full. Exceptions may be
made in the case of a very long name occurring very frequently or in the case of a
compound being described as the end product of a gravimetric determination (e.g.
phosphate as P,0s).

Footnotes

1. Footnotes should only be used if absolutely essential. In most cases it should be
possible to incorporate the information into the normal text.

2. If used, they should be numbered in the text, indicated by superscript numbers, and
kept as short as possible.

Nomenclature

1. Authors and editors are, by general agreement, obliged to accept the rules governing
biological nomenclature, as laid down in the International Code of Botanical
Nomenclature, the International Code of Nomenclature of Bacteria, and the
International Code of Zoological Nomenclature.

2. All biotica (crops, plants, insects, birds, mammals, etc.) should be identified by their
scientific names when the English term is first used, with the exception of common
domestic animals.

3. All biocides and other organic compounds must be identified by their Geneva names
when first used in the text. Active ingredients of all formulations should be likewise
identified.

4. For chemical nomenclature, the conventions of thelnternational Union of Pure and
Applied Chemistry and the official recommendations of the IUPAC-1UB Combined
Commission on Biochemical Nomenclature should be followed.

5. For the denomination of parasitic diseases or infections, authors are requested to
follow the Standardized Nomenclature of Animal Parasitic Diseases (SNOAPAD)
published in 1988 in Veterinary Parasitology (Kassai, T. et al., 1988. Vet. Parasitol. 29,
299-326).

Copyright

If excerpts from other copyrighted works are included, the Author(s) must obtain
written permission from the copyright owners and credit the source(s) in the article.
Elsevier has preprinted forms for use by Authors in these cases: contact Elsevier's
Rights Department, Oxford, UK: phone (+1) 215 239 3804 (+1) 215 239
3804  or +44(0)1865 843830 +44(0)1865 843830 , fax +44(0)1865
853333, e-mail healthpermissions@elsevier.com. Requests may also be completed
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Material in unpublished letters and manuscripts is also protected and must not be
published unless permission has been obtained.

Authors Rights

As an author you (or your employer or institution) may do the following:

+ make copies (print or electronic) of the article for your own personal use, including for
your own classroom teaching use

« make copies and distribute such copies (including through e-mail) of the article to
research colleagues, for the personal use by such colleagues (but not commercially or
systematically, e.g., via an e-mail list or list server)

* post a pre-print version of the article on Internet websites including electronic pre-
print servers, and to retain indefinitely such version on such servers or sites

* post a revised personal version of the final text of the article (to reflect changes made
in the peer review and editing process) on your personal or institutional website or
server, with a link to the journal homepage (on elsevier.com)

* present the article at a meeting or conference and to distribute copies of the article to
the delegates attending such a meeting

« for your employer, if the article is a 'work for hire', made within the scope of your
employment, your employer may use all or part of the information in the article for
other intra-company use (e.g., training)

* retain patent and trademark rights and rights to any processes or procedure described
in the article

« include the article in full or in part in a thesis or dissertation (provided that this is not
to be published commercially)

» use the article or any part thereof in a printed compilation of your works, such as
collected writings or lecture notes (subsequent to publication of your article in the
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