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RESUMO

Tese de Doutorado
Programa de Pés-Graduagdo em Farmacologia
Universidade Federal de Santa Maria

ATIVIDADE ANESTESICA DE OLEOS ESSENCIAIS E
CONSTITUINTES ISOLADOS DE PLANTAS MEDICINAIS
BRASILEIRAS EM Rhamdia quelen

AUTOR: LENISE DE LIMA SILVA
ORIENTADORA: BERTA MARIA HEINZMANN
DATA E LOCAL DA DEFESA: Santa Maria, 13 de janente 2014.

Este trabalho visou obter anestésicos e sedatia@s geixes a partir de plantas medicinais
brasileiras, nomeadamen@ximum gratissimunOG), Ocimum americanuniOA) e Hyptis
mutabilis (HM). Os Oleos essenciais destas espécies foraimosbpor hidrodestilacdo e
analisados por cromatografia gasosa acoplada &atempetria de massas (CG-EM). A
quiralidade de um dos componentes do 6leo de OAdanfoi determinada. Os 6leos de OA
e HM foram submetidos ao processo de isolamenteeds constituintes, os quais foram
caracterizados por métodos espectroscopicos. Arndietcdo do tempo de inducdo aos
estagios de anestesia e de recuperacao foi remleradundias juvenifRhamdia quelenpor
meio de banhos contendo os 0leos essenciais otitaomnss isolados. Para o 0leo de OG e o
(-)-globulol também foram avaliados 0 mecanismoadéo via sitio benzodiazepinico do
receptor gabaérgico por meio de associacdo conemhaz (150uM) e reversdo com
flumazenil (uM). O desenvolvimento de tolerancia foi avaliadeapa 6leo de OG através de
re-exposicao sucessiva apos 30 dias ou com intsng@imanais. Os efeitos da exposicéo ao
6leo de OA (300 e 500 mg') em parametros de estresse (niveis plasmatica®rtisol,
glicose e sbdio) ap6s manuseio também foram testdd® constituintes majoritarios dos
Oleos essenciais corresponderam ao eugenol (7&6L4G, 1,8-cineol (21% nas folhas) e
linalol (20,2% nas folhas e 46,6% nas infloresc@s)cem OA, globulol (26,6% nas folhas) e
germacreno D (15% nas inflorescéncias) em HM. Tamoleos apresentaram atividade
anestésica em jundias juvenis em concentracdes 8800 mg I* de OG, 200-500 mgt

de OA e 344 mg t de HM. O fracionamento do 6leo essencial de HMhdoeu os
compostos (+)-1-terpinen-4-ol e (-)-globulol, osaagudemonstraram acéo sedativa em 10 mg
L%, (-)-Globulol foi capaz de induzir anestesia e®8e190 mg [, contudo perda de muco e
mortalidade foram observados nos peixes expostg&o Aimilar aos benzodiazepinicos no
receptor GABA foi detectada para o Oleo de OG, usige no que se refere ao
desenvolvimento de tolerancia. Para o (-)-globulomesmo n&do pode ser observado. A
avaliacdo da quiralidade do linalol presente no die OA demonstrou a presenca do isémero
R-(-), o qual demonstrou maior efeito anestésicom8d+)-linalol isolado do 6leo dkippia
alba em jundias. Os isdmeros também apresentaram mifiEseem relagdo a acdo bactericida
frente aAeromonas hydrophilasendo apenas & (+)-linalol ativo. Em relacdo aos efeitos
sobre parametros de estresse, a exposicao prévie@essencial de OA preveniu o estresse
induzido pelo manuseio.

Palavras-chave©cimum Hyptis mutabilis globulol, GABA, cortisol, glicemia, jundia.
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The aim of this study was to obtain new fish anetsthand sedative drugs from Brazilian
medicinal plantsOcimum gratissimunfOG), Ocimum americanunfOA) e Hyptis mutabilis
(HM). Essential oils from these plants were obtdibg hydrodestilation and analysed by gas
chromatography coupled to mass spectrometry (GC-NI83 chirality of one constituent of
OA oil was also determined. Isolation process fressential oil of OA and HM was
conduced and the isolated compounds were analyzeddztroscopic methods. To determine
the point at which anesthesia was induced anddhgth of the recovery period, juvenile
silver catfish Rhamdia quelenwere placed in aquaria containing essential pilsolated
compounds. The mechanism of action of the essentiabf OG and (-)-globulol was
evaluated through association with diazepam (@) and reversion with flumazenil (81).
The evaluation of tolerance development was perdrio OG oil using re-exposure after 30
days or at week intervals. The effects of OA od@3and 500 mg ) exposure on stress
parameters (plasma cortisol, glucose and sodiusidpafter handling were also assayed. The
major compounds of the essential oils were eugéfb%) in OG, 1,8-cineol (21% in the
leaf) and linalool (20.2% in the leaf; 46.6% in tinforescence) in OA, globulol (26.6% in
the leaf) and germacrene D (15% in the infloreseenno HM. Anesthetic effects were
detected to all samples in silver catfish in comegion ranges of 30-300 mg*Lof OG, 200-
500 mg L* of OA and 344 mg t of HM. Fractionation of the essential oil of HMrfiished
(+)-1-terpinen-4-ol and (-)-globulol, which demamged sedative effect at 10 mg'.L
Anesthesia was obtained with 83-190 mg &f (-)-globulol, but animals showed loss of
mucus during induction and mortality at these cotrations. Benzodiazepinic-like action on
receptor GABA, was detected to the essential oil of OG, as wseliokerance development.
The same pattern could not be observed to (-)-gpbbdhe R-(-)-linalool detected in
essential oil of OA demonstrated higher anestredtect in silver catfish in relation to ti®
(+)-form isolated from the essential oil bippia alba which was the only active against
Aeromonas hydrophilan vitro. Regarding to the stress parameters, previoussexeado the
essential oil of OA was able to prevent handlingsiced stress.

Key-words:Ocimum Hyptis mutabilis globulol, GABA, cortisol, glicemia, silver caths
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APRESENTACAO

O presente trabalho consiste na apresentacao sldsaoms obtidos para fins de defesa
de Tese de Doutorado. Inicialmente € apresenta@gahseve introducdo sobre o assunto, a
fim de fornecer uma explanagéo sobre as espécgaie em estudo e descrever aspectos
relevantes relacionados a atividade bioldgica adali Logo em seguida sdo descritos 0s
objetivos desta proposta.

Os resultados encontram-se organizados na forragtiges cientificos, que englobam
trabalhos ja publicados, e manuscritos a serem atidhos a peridédicos da area. O primeiro
artigo trata da atividade anestésica do Oleo esdaheO. gratissimumseu mecanismo de
acdo e o desenvolvimento de tolerancia a sua agéiz. Ja o segundo artigo reporta a
atividade anestésica e sedativa dos 6leos dawuliésr partes dd. mutabilis o processo de
isolamento de seus constituintes, a avaliacédo idalade dos mesmos e a determinagao do
envolvimento do receptor GABA via sitio benzodiarégm no efeito sedativo de seu
constituinte majoritario.

O primeiro manuscrito descreve os efeitos depressoentrais do 6leo essencial de
diferentes 6rgdos vegetais @e americanume a avaliacdo de parametros relacionados ao
estresse ap0s manuseio de animais anestesiados @mnostra mais ativa. No segundo
manuscrito € realizado um comparativo das ativislaigimicrobiana e anestésica e¢-)-
linalol, isolado a partir do 6leo d&. americanumem relacdo a seki(+)-enantiobmetro.

Subsequentemente a estes sera apresentada unssatisgaral, a fim de realizar uma
ampla interpretacdo dos resultados obtidos corocglando-os com a literatura e entre si. A

tese €, entdo, finalizada pelas conclusées, refhbibliograficas e anexos.



1 INTRODUCAO

A utilizacdo de produtos naturais como recursop&ustico é tdo antiga quanto a
civilizagdo humana (RATES, 2001). Na medicina papussim como na terapéutica, plantas
contendo derivados terpénicos e fenilpropandides t@do usadas como sedativas,
tranquilizantes e anticonvulsivantes (BROWN, BRADQHN87; PASSOS et al., 2009). Estes
dois grupos biossinteticamente distintos de casnstés fazem parte da composi¢ao dos 6leos
essenciais, 0s quais, por definicdo, correspondemisturas complexas de substancias
volateis, lipofilicas, geralmente odoriferas e ildgs. Na mistura, tais compostos apresentam-
se em diferentes concentracdes; normalmente, ues @éeb composto majoritario, existindo
outros em menores teores e alguns em baixissinagidades (tracos) (SIMOES, SPITZER,
2004; BAKKALI et al., 2008).

Em relacdo a distribuicdo dos oOleos essenciaiplaagas capazes de produzir seus
constituintes correspondem a um numero limitadegpecies, classificadas em determinadas
familias vegetais, como Myrtaceae, Lauraceae, RatgcLamiaceae, Asteraceae, Apiaceae,
Cupressaceae, Poaceae, Zingiberaceae, Piperactaegdras (BRUNETON, 2001). Dentro
da familia Lamiaceae, a subfamilia Nepetoideae, posita por aproximadamente 3400
espécies em 105 géneros, engloba a maioria dasiespi€as em 6leos essenciais. A tribo
Ocimeae, pertencente a esta subfamilia, corresppide grupo predominantemente tropical
de 35 géneros e 1060 espécies, com grande impargcandémica e medicinal. Dentro desta
tribo encontram-se as subtribos Ociminae e Hypelingue englobam, respectivamente,
plantas dos géner@cimume Hyptis(GRAYER et al., 2003; PATON et al., 2004).

O géneroOcimumL. é formado por aproximadamente 30 espécies, das 46 sdo
originarias da Africa. Sua area de distribuiciol@va as regibes tropical e subtropical,
contudo encontram-se no Brasil como espécies tiaasas ou cultivadasOcimum
basilicumL., O. americanunL., O. gratissimumL., O. minimumL. e O. tenuiflorumL.
(ALBUQUERQUE, ANDRADE, 1998a). Em nosso pais, estapécies de modo geral sao
denominadas de alfavaca, o qual corresponde a nm de origem européia difundido pelos
africanos em suas migracdes dentro do Brasil (ALBEQQUE, ANDRADE, 1998b).

Ocimum gratissimunk.. (Figura 1) corresponde a uma erva de 50-250dambase
lenhosa e aromatica (ALBUQUERQUE, ANDRADE, 19988uas folhas e flores sao

utilizadas na medicina popular como digestivo, eigrante, calmante, carminativo, no
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tratamento de flatuléncia, gripe, tontura, sinydibsse, bronquite, prurido, dor de cabeca e
estdbmago,topicamente em micoses, bem como nos dassresse, fadiga e com finalidade
magico-religiosa (DI STASI et al, 2002; CHANWITHBEBK et al, 2005;
ALBUQUERQUE et al., 2007a; 2007b).

Figura 1 —Ocimum gratissmum — aspecto geral da planta.

A maioria dos estudos co®. gratissimunfoi realizado com o seu 6leo essencial. Sua
composicao sugere a existéncia de dois grande®grum rico em timol (VIEIRA et al.,
2001; YAYI et al., 2004) e outro rico em eugendL{fA et al., 1999; VIEIRA et al., 2001;
JIROVETZ et al.,, 2003; MADEIRA et al., 2005; FREIRKFIARQUES, COSTA, 2006).
Outros quimiotipos também foram relatados comosrem cinamato de etila (DUBEY et al.,
2000) e o geraniol (VIEIRA et al., 2001). Em relag atividades bioldgicas, a mais descrita
na literatura é a antimicrobiana (JEDKOVA, MOTTL, SERY, 1992;: NAKAMURA et al.,
1999; DUBEY et al., 2000; CIMANGA et al., 2002; AGDA et al., 2003; IWALOKUN et
al., 2003). Contudo, efeitos hipoglicemiante (AGUPét al., 2000), antinociceptivo
(RABELO et al.,, 2003), larvicida frente Aedes aegypt(CAVALCANTI et al., 2004),
relaxante em ileo isolado de cobaio (MADEIRA et aD05), anticonvulsivante (FREIRE,
MARQUES, COSTA, 2006) e hipotensivo (INTERAMINENSI al., 2007) também foram
descritos para o 6leo essencial desta espécie.

Outra espécie aromatica deste género correspondacimum americanuml.
(sinonimia:O. canumSims). Esta espécie (Figura 2) € uma erva de ceré® cm, anual ou
perene e de base lenhosa (ALBUQUERQUE, ANDRADE, 8499 Suas folhas séo

empregadas na medicina popular como analgésico,efastiente, carminativo,
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hipocolesterolemiante, estomaquico, antigripal,coatrole do diabetes, no tratamento da
insbnia e ansiedade (NYARKO et al, 2002; CHANWITEE&JK et al,
2005;ALBUQUERQUE et al., 2007a; HASSANE et al., 2D1

Figura 2 —Ocimum americanum — aspecto geral da planta.

Em relagdo aO. americanum diversos quimiotipos foram detectados segundo a
composicao do seu 6leo essencial. Entre eles destse 0 eugenol, fenchona, linald)-Q-
bergamoteno, 1,8-cineol, terpinen-4-ol, canforaakitimol, cinamato de metila, limoneno,
anisol e metilchavicol como majoritarios (LAWRENCHE989; SANDA et al., 1998;
CIMANGA et al.,, 2002; MONDELLO et al., 2002; JIROVE et al, 2003;
VASCONCELOS SILVA et al., 2003; CAVALCANTI et al.2004; DJIBO, SAMATE,
NACRO, 2004; MURILLO et al., 2004; NGASSOUM et &004; OUSSOU et al., 2004;
VIEIRA, SIMON, 2006; CAROVIC-STANKO et al.,, 2010; ABSANE et al., 2011,
NASCIMENTO et al., 2011; SELVI, THIRUGNANASAMPANDANSUNDARAMMAL,
2012).

Atividade antibacteriana de largo espectro foifiexda para os 6leos essenciaide
americanumricos em timol (CIMANGA et al., 2002), citral (CAR/IC-STANKO et al.,
2010), 1,8-cineol (HASSANE et al., 2011) e metilbal (NASCIMENTO et al., 2011). J4 0
O0leo do quimiotipo cinamatde metila demonstrou propriedades larvicidas coAgdes
aegypti (CLso = 67 ppm) (CAVALCANTI et al., 2004). Também foi sigito para o 6leo
essencial das sementes e das folhas citotoxiciledt a linhagens de células tumorais
vitro (MANOSROI, DHUMTANOM, MANOSROI, 2006; SELVI,
THIRUGNANASAMPANDAN, SUNDARAMMAL, 2012).
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O géneroHyptis € 0 segundo maior entre as Lamiaceas e apreserta de 300
espécies. A maioria das espécies ocorre no comirenericano, desde o sul dos Estados
Unidos até a Argentina. Algumas sdo encontradasnéspeamente também na Africa, Asia e
norte da Australia (KISSMANN, GROTH, 1995). Dengitas Hyptis mutabilis(Rich.) Briqg.
(Figura 3) corresponde a uma espécie nativa donamé americano, com ampla distribuicéo
geografica no Brasil e de ocorréncia frequenteegéio sul (KISSMANN, GROTH, 1995). E
uma planta perene, de crescimento espontaneordavaia ao verao (GOLENIOWSKI et al.,
2006; ALBUQUERQUE et al., 2007b), que pode ser atrada na beira de matas, em
terrenos abandonados e como infestante em lavIBSMANN, GROTH, 1995).

Figura 3 —Hyptis mutabilis — aspecto geral da planta.

No Brasil esta espécie é conhecida popularment® emawa-taja, alfavacao, alfavaca,
sambacuité, alfavaca-de-caboclo, sambaité, bantbarremanjericio (LUZ et al., 1984;
AGUIAR et al., 2003; COELHO-FERREIRA, 2009). O ates folhas frescas d& mutabilis
é utilizado popularmente no tratamento de doengaswtosa uterina cervical, gastrite, Glcera
gastrica, lesdes de pele infectadas e conjuni{iBitdRBOSA, RAMOS, 1992), enquanto que
as raizes sdo usadas em casos de reumatismo (COEERREIRA, 2009). Outros usos
populares relatados sdo em casos de inflamacamajtedosse, dor de cabeca, como
expectorante, cicatrizante, sedativo e para inddgdoarto (ALBUQUERQUE et al., 2007b;
AMORIM, 2009; SILVA, BUNDCHEN, 2011).

O oOleo essencial obtido dd. mutabilis tem demonstrado grandes variagbes no
rendimento e na composicdo quimica, de acordo cdotal de coleta (LUZ et al., 1984;

BAILAC et al., 1999; AGUIAR et al., 2003). Consittes comoa-felandreno,p-cimeno
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(LUZ et al., 1984), E-cariofileno (BARBOSA, RAMOS, 1992; GILLIJ, GLEISER
ZYGADLO, 2008; DAMBOLENA et al., 2009;), E-diidrocarvona (VELASCO-
NEGUERUELA et al., 1995), timoly-3-careno eE-cinamato de metila (AGUIAR et al.,
2003) foram descritos como majoritarios. Em relagdo suas propriedades bioldgicas,
atividades anti-ulcerogénica (BARBOSA, RAMOS, 199ahtimicrobiana (DEMO et al.,
2005; OLIVA et al., 2006) e repelente paeades aegypiiGILLIJ, GLEISER, ZYGADLO,
2008) encontram-se reportadas na literatura.

Considerando que muitos 6leos volateis e seus itongts possuem uma grande
variedade de atividades farmacologicas relacionadaseus efeitos sobre o sistema nervoso
central (BROWN, BRADEN, 1987; PASSOS et al., 20@®kua utilizacdo na piscicultura
corresponde a um campo a ser melhor exploradoaNest, substancias com propriedades
anestésicas e sedativas sdo utilizadas em anirga@&i@s para prevenir injdrias fisicas,
reduzir o metabolismo e promover a imobilizacdo atomal (COYLE, DURBOROW,
TIDWELL, 2004). Além disso, o uso de substancias) astas propriedades visa também
reduzir ou prevenir o desencadeamento de uma tespo®stresse no animal, decorrente das
atividades de manejo e transporte (COYLE, DURBORQWWELL, 2004; VIDAL et al.,
2007).

O estresse em peixes tem sido definido como und@gstsultante das condi¢bes
ambientais que ameacam sua sobrevivéncia (ROSSSRZIB8). A resposta ao estresse €
descrita em trés niveis: primério, secundario eideo. A resposta primaria envolve a
ativacdo de vias neuroendocrinas como o sistemasmrautbnomo e o eixo hipotalamo-
pituitaria-interrenal (HPI), que ocasionam a lilgéi@ de catecolaminas e corticosteroides
(cortisol) para a circulacdo. Estes hormonios pneno alteragcdes em nivel secundario no
metabolismo, respiracao, equilibrio acido-basi@batco hidromineral e hematocrito. Caso o
estimulo estressor persista, as alteracfes estesglepara o nivel de organismo e
populacional (resposta terciaria) ocasionando asfetomo inibicdo de crescimento, da
reproducdo e da resposta imune, além da reducaapmhkcidade de toleréncia a agentes
estressores adicionais (HONTELA, 1998; BARTON, 200BA, MARIANO, SANTOS,
2009; WEBER, 2011).

Anestesia é um estado biologico induzido por umn@gexterno, que resulta em
parcial ou completa perda sensorial e perda do@ennotor voluntario, através da utilizacao
de meios quimicos e ndo quimicos (BRESSLER, ROB4R@Por razdes praticas, a anestesia
pode ser descrita em trés fases: a inducéo, a ergd@at e a recuperagcédo (ROSS, ROSS,

2008). Quando a inducéo é lenta, uma série deiestagde ser observada nos animais. Estes
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estagios incluem a sedacdo, a perda parcial e dotaquilibrio, a anestesia e o colapso
medular, que podera levar a morte (SCHOETTGER, BULB67; COYLE, DURBOROW,
TIDWELL, 2004; ROSS, ROSS, 2008). O estagio alcdacgeralmente depende da
concentracdo/dose e da extensao da exposicdo (CAMIEBOROW, TIDWELL, 2004). A
manutencado corresponde ao prolongamento do esthgistésico alcancado em um nivel
estavel, sem detrimento da saude do animal. Nas& & condicdo dos animais deve ser
visualmente monitorada de forma continua (ROSS, RROZ08). Durante a fase de
recuperacado, o peixe € retirado do contato conestésico a fim de que retorne ao seu estado
normal. Para reduzir o tempo de recuperacdo, &a&wddeve ser rapida e tempo de manuseio
deve ser minimo. Dependendo da espécie animal anéstésico administrado, o inicio da
recuperacdo poderd levar de alguns segundos &sv@imutos, enquanto que a completa
recuperacdo ocorrera de minutos a horas (COYLE, BQROW, TIDWELL, 2004).

A via de administracdo mais comum de anestésicosarimais aquaticos é a
inalatoria. Neste caso, o farmaco € adicionadoua égde o animal se encontra, sendo entéo
absorvido pelas branquias durante o processo geag&o e, em menores proporc¢oes, por via
cutanea. O efeito da substancia é avaliado atd@éseterminacdo do tempo de inducédo e
recuperacdo, por meio da observacdo de alterac@estividade natatéria, equilibrio,
frequéncia respiratéria e responsividade a esten@grternos (ZAHL,SAMUELSEN,
KIESSLING, 2012).

Segundo Ross e Ross (2008), o processo anestésice alevido a uma difusa
depressao do sistema nervoso central, a qual prdereduzida através da estabilizacdo da
propagacao neuronal, bloqueio da liberacdo de transmissores ou de seus receptores ou
pela combinacédo destas acfes. O mecanismo de acaoedtésicos em peixes ndo € bem
conhecido e tem sido geralmente extrapolado arpm#etiestudos realizados em vertebrados
superiores (ZAHLSAMUELSEN, KIESSLING, 2012).

A eficacia de farmacos anestésicos em animais iaqegiode ser afetada por muitos
fatores. Dentre os fatores bioldgicos temos a ida€ko, estagio de desenvolvimento, peso
corporal, taxa de crescimento, composi¢cdo corpa@hdicdo fisioldgica e de saude do
animal. Fatores ambientais, como temperatura da, &alinidade, pH e nivel de oxigénio
dissolvido, também devem ser considerados come fibmtvariacdo (COYLE, DURBOROW,
TIDWELL, 2004; ROSS, ROSS, 2008; ZAHEAMUELSEN, KIESSLING, 2012).

Dentre os agentes anestésicos empregados na apgscidaltura, a grande maioria
dos farmacos disponiveis é de origem sintética. M@s comuns compreendem o

metanossulfonato de tricaina (MS-222), a benzocainametomidato, o 2-fenoxietanol e a
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quinaldina (ZAHL,SAMUELSEN, KIESSLING, 2012). Estas substancias,sapele serem
efetivas como anestésicas, sdo capazes de prorefarers colaterais nos animais, como
perda de muco, irritagdo nas branquias e olhdguasincomodos aos trabalhadores, como a
necessidade do uso de luvas (INOUE, SANTOS NETORMKES, 2003). Adicionalmente,
seu emprego deve ser seguido por um determinadmdpenle depuracéo, a fim de mininizar
0S niveis de residuos presentes no filé do anirbaltido (COYLE, DURBOROW,
TIDWELL, 2004).

Segundo Faganha e Gomes (2005), no Brasil ndoeexista legislacdo que
especifigue quais 0s anestésicos permitidos na deepiscicultura. Desta forma, muitos
produtores seguem as recomendacdes de organisnmms#rde paises, como a FDAgod
and Drug Administration Este fato dificulta e encarece o processo asiestéuma vez que o
MS-222, Unico anestésico quimico aprovado pelo 2 uso em peixes, ndo é produzido
em nosso pais (FACANHA, GOMES, 2005).

Por outro lado, a instrugcdo normativa interminiaten® 28, de 8 de junho de 2011,
especifica que o transporte, o pré-abate e o a@oaterganismos aquaticos, inclusive aqueles
doentes ou descartados, deve atender ao prinapiosspeito ao bem-estar, a reducdo de
processos dolorosos e aos procedimentos de alrasmhario. A mesma normativa também
recomenda a utilizacdo de anestésicos na eutadasenimais e permite o emprego de
fitoterapicos e extratos vegetais na prevencaa@tanento de enfermidades de organismos
aquaticos (BRASIL, 2011).

Considerando-se que o desenvolvimento de alguntafogias em peixes como, por
exemplo, as infec¢cdes promovidas pela bact&eeomonas hydrophil& pelo protozoario
Ichthyophtirius multifilis sdo favorecidas por uma situacdo de manejo satres
(ANDRADE et al., 2006; SEGNER et al., 2012), ainsitdo de anestésicos e sedativos a fim
de promover o bem-estar do animal pode ser comsidarma medida preventiva para estas
enfermidades. Neste sentido, alguns 6leos esseneiaionstituintes isolados a partir de
espécies vegetais tém se mostrado efetivos ensdwespécies de peixes no que se refere ao
seu efeito anestésico e sedativo (FACANHA, GOME®S052 VIDAL et al.,, 2007;
GONCALVES et al., 2008; ROSS, ROSS, 2008; SIMOESMES, 2009; CUNHA et al.,
2010a; 2010b; 2011). Os mais amplamente estudadositlo os Oleos essenciais de cravo
(constituido por 70-90% de eugenol) eldgpia alba bem como o mentol, o eugenol e seu
isdmero, o isoeugenol (WOOD, NELSON, RAMSTAD, 200ROUE, SANTOS NETO,
MORAES, 2003; IVERSEN et al., 2003; PAlLlet al., 2006; GUENETTE et al., 2007;
VIDAL et al., 2007; FACANHA, GOMES, 2005; GONCALVE& al.; 2008; ROSS, ROSS,



21

2008; SILVA et al., 2009; SIMOES, GOMES, 2009; CUAIgt al., 2010a, 2010b; 2011;
IMANPOOR, BAGHERI, HEDAYATI, 2010). Outros produtasaturais menos estudados,
mas com bioatividade relevante neste contextoespandem aos 6leos essenciaid\lysia
triphylla, Hesperozygis ringensLippia sidoides Melaleuca alternifolia Nectandra
megapotamica Ocotea acutifolia(HAJEK, 2011; GRESSLER et al., 2012; SILVA et al.,
2013; TONDOLO et al., 2013).



2 OBJETIVOS

2.1 Objetivo Geral

Obter novos anestésicos e sedativos a partiOdenum gratissimuni., Ocimum

americanuni. e Hyptis mutabiligRich.) Brig. para uso em piscicultura.

2.2 Objetivos especificos

A avaliacdo da atividade anestésica e/ou sedatigadtbos essenciais dacimum
gratissimumL., Ocimum americanurh. e Hyptis mutabilis(Rich.) Briq. em jundias
juvenis Rhamdiagquelen;

» A andlise da composi¢do quimica dos 6leos essertagiespécies nomeadas acima,;

* O isolamento de constituintes dos 6leos esserdrais mutabilise O. americanum

* A avaliacdo da atividade anestésica e/ou sedatisacdnstituintes isolados dos 6leos
essenciai$l. mutabilise O. americanunem jundias juvenis;

* A avaliacéo do envolvimento do receptor GABAérgmmomecanismo de acdo do o6leo
essencial deD. gratissimume o constituinte majoritario do 6leo essencial Hle
mutabilisem jundias;

* Determinagdo do desenvolvimento de tolerancia paramostras que atuarem via
receptor GABAérgico;

* A avaliagdo de parametros de estresse em peixatesiaelos e/ou sedados, com o

6leo essencial d®. americanum
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The aim of this study was to determine the time until anesthetic induction and recovery in silver catfish
(Rhamdia quelen) exposed to the essential oil of Ocimum gratissimum L. (EO), its potential mechanism of ac-
tion via GABAergic transmission and the development of tolerance. The EO was obtained from the aerial parts
of 0. gratissimum L. by hydrodistillation and analyzed by gas chromatograph coupled to mass spectrometer
(GC-MS). Eugenol (73.6%) and 3-bisabolene (18.3%) are the major compounds of the EO. Juvenile silver cat-
fish were placed in aquaria containing different concentrations of the EO (10, 20, 30, 40, 50, 60, 70, 150 and

g:ﬁevf,%rff;m 300 mg L~ ') to determine the point at which anesthesia was induced and the length of the recovery period.
Benzodiazepine In the following experiments, the anesthetic effect of the EO (10, 20 and 40 mg L™ ') in association with ben-
GABA zodiazepine (BDZ) was determined. The GABAergic-like action and development of tolerance were assessed
Tolerance in fish exposed to BDZ (diazepam 150 uM), EO (40 mg L™ ') or both EO and BDZ (EO + BDZ) at the same con-
Anesthesia

centrations. After the induction of anesthesia, juveniles were transferred to an anesthetic-free aquarium con-
taining either the classic BDZ antagonist flumazenil (5puM) or water to assess their recovery. The
development of tolerance was evaluated in two experiments. In the first, juveniles were exposed to the EO
twice in a 30-day interval, and in the second five exposures, weekly intervals were performed. Fish exposed
to concentrations above 30 mg L~ ! of the EO were effectively anesthetized without experiencing side effects
or mortality. Fast anesthesia (<4 min) could be obtained using 150 and 300 mg L~ ! of the EO. Synergism was
detected for EO + BDZ at the lower concentrations tested. Juveniles exposed to all tested drugs showed a fas-
ter recovery in flumazenil than those that recovered in water. The development of tolerance was observed in
fish exposed to the EO or BDZ separately after the fifth exposure. Two exposures were sufficient to sensitize
the fish to the action of these drugs. However, repeated exposure to EO 4+ BDZ did not induce tolerance and/
or sensitization. In conclusion, the EO of O. gratissimum is an effective and safe anesthetic for silver catfish,
and its mechanism seems to be related to an interaction with the GABA-benzodiazepine receptor.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Anesthetics are used in aquaculture to reduce the stress response
and prevent physical injury during handling procedures (Bressler and
Ron, 2004; Facanha and Gomes, 2005). Drugs, such as benzocaine, tri-
caine methanesulfonate (MS-222), quinaldine and 2-phenoxyethanol,
have been used to achieve anesthesia in fish (Bressler and Ron, 2004;
Mylonas et al, 2005; Zahl et al, 2009). However, highly variable
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da Saide, Departamento de Farmdcia Industrial, Prédio 26, Campus Universitério, Ave-
nida Roraima no. 1000, Bairro Camobi, Santa Maria — RS, BR-97105-900, Brazil. Tel.:
+55 55 3220 9674; fax: +55 55 3220 8248.

E-mail address: berta.heinzmann@gmail.com (B.M. Heinzmann).

0044-8486/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
doi:10.1016/j.aquaculture.2012.04.012

anesthetic efficiency and side effects, such as the loss of mucus, gill irri-
tation and corneal damage, have been observed (Guénette et al., 2007;
Inoue et al., 2003). These undesirable side effects have led to a search
for new safer and effective anesthetic drugs. In this context, the investi-
gation of natural sources has produced good results. Essential oils (EOs)
obtained from cloves (Eugenia caryophyllata and Eugenia aromatica) and
Lippia alba as well as isolated compounds from plants (eugenol and
menthol) are examples of anesthetics obtained from natural products
that were effective in different fish species (Bressler and Ron, 2004;
Cunha et al, 2010a,b; Facanha and Gomes, 2005; Guénette et al,
2007; Inoue et al., 2003).

The genus Ocimum (Lamiaceae), collectively called basil, belongs
to an economically important group of herbaceous plants that are dis-
tributed in the tropical areas of Africa, America and Asia (Orafidiya et
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al., 2004; Tchoumbougnang et al., 2006). One of the most important
species is Ocimum gratissimum L., commonly known as alfavaca or
tree basil. This species is widely used as a condiment and is also
used in traditional medicine as a sedative and treatment for stress
and headaches, among other ailments (Albuquerque et al., 2007; Di
Stasi et al, 2002). Orafidiya et al. (2004) described a dose-
dependent sedative effect of timol-rich Ocimum oil in rodents during
an investigation of acute and subchronic toxicity. In other studies, EOs
rich in eugenol were shown to be an effective antinociceptive (Rabelo
et al., 2003), anticonvulsant and sedative (Freire et al., 2006) agents
in mice.

The sedative and anesthetic properties of drugs have been related
to their effect on receptor for the 'y-aminobutyric acid (GABA), which
respond to the most abundant inhibitory neurochemical in the adult
vertebrate brain (Mueller et al., 2006; Reynolds et al., 2003). GABA,
receptors are ligand-gated ion channels surrounded by five protein
subunits; this complex mediates fast neurotransmission via activation
by GABA, which makes the central pore permeable to chloride ions
(Johnston et al., 2006). The binding sites for GABA and benzodiaze-
pine (BDZ) in the fish brain are quite similar to those in the mamma-
lian brain in terms of density and pharmacological regulation (Betti et
al., 2001; Oggier et al., 2010). BDZs increase the opening frequency of
the GABA-gated chloride channel. Their therapeutic properties (anxi-
olytic, anticonvulsant, sedative, and muscle-relaxant) and the devel-
opment of tolerance may result from the action and successive
activation of different GABA, receptor subtypes, respectively
(Bateson, 2002; Fernandes et al., 1999; Johnston et al., 2006; van
Rijnsoever et al., 2004).

Data concerning the anesthesia of silver catfish (Rhamdia quelen)
and whether the anesthesia functions through a mechanism involv-
ing GABAergic transmission are limited (Heldwein et al., in press).
This fish species is commonly found in South American rivers and
has been considered to be a good alternative for fish production due
to its fast growth rate in warmer months (Barcellos et al., 2001;
Gomes et al., 2000). Because this fish species has been used for inten-
sive aquaculture, the knowledge of the anesthetic effects of the EO of
0. gratissimum and its mechanism of action might be helpful for its
production.

The aim of this work was to determine the time of anesthetic in-
duction and recovery in silver catfish that were exposed to the EO
of O. gratissimum. Additionally, a possible mechanism of action via
GABAergic transmission was assessed through treatment in combina-
tion with BDZ and recovery in the presence of flumazenil, a classic
BDZ antagonist. The development of tolerance was also evaluated in
fish submitted to successive anesthesia procedures using standard
BDZ, EO or the combination of EO and BDZ.

2. Material and methods
2.1. Animals

Juvenile silver catfish (9.04+0.2 g; 10.3 £+ 0.1 cm) were purchased
from a local fish hatchery and transported to the laboratory, where
they were maintained in continuously aerated 250 L tanks with con-
trolled water parameters (22.5+0.2 °C, pH: 7.97 £ 0.05, dissolved
oxygen levels: 7.21+0.17mgL™!, total ammonia levels: 1.16+
0.15mgL~"). The dissolved oxygen levels and temperature were
measured with an YSI oxygen meter (Model Y5512; YSI Inc., Yellow
Springs, OH, USA). The pH was determined with a DMPH-2 pH
meter (Digimed, S3o Paulo, SP, Brazil). Total ammonia levels were
measured by nesslerization (Eaton et al., 2005). A semi-static system
was used, and 50% of the water volume was changed daily. Fish were
fed once a day with commercial feed (Vicente Alimentos S.A. Presi-
dente Prudente/SP, Brazil) containing 8% lipids, 28.0% crude protein
and 3500 kcal kg~ ! digestible energy according to the manufacturer.
Juveniles were fasted for a period of 24 h prior to the experiments.

The methodologies of the experiments were approved by the Eth-
ical and Animal Welfare Committee of the Federal University of Santa
Maria (process no. 46/2010).

2.2. Plant material

0. gratissimum L. were grown in Jardinépolis, Sdo Paulo, Brazil. The
aerial parts of the plant material were collected in March 2007, dried
for 3 days in a ventilated drying oven at 45 °C and stored in closed
dark packages until extraction. A voucher specimen identified by
Dr. Lin Chan Ming was deposited in the Biotechnology Department
of the University of Ribeirdo Preto (voucher no. 1329).

2.3. Essential oil extraction and analysis

The EO was obtained from the aerial parts of the plant without
flowers by hydrodistillation for 3 h using a Clevenger-type apparatus
(European Pharmacopoeia, 2007) and was stored for some days at
—20°C in amber glass bottles until gas chromatograph coupled to
mass spectrometer (GC-MS) analysis and biological tests. The EO
was extracted in triplicate, and the yield was calculated as w/w (%).

GC-MS TIC analysis was performed using an Agilent-6890 gas
chromatograph coupled with an Agilent 5973 mass selective detector
using an HP5-MS column (5% phenyl, 95% methylsiloxane,
30 mx0.25 mm i.d.x0.25um) and EI-MS of 70 eV. The operating
conditions were as follows: split inlet 1:100; temperature program,
40-320 °C at 4 °C min~'; carrier gas He; flow rate 1 mL min~!; and
injector and detector temperature 250 °C. The constituents of the EO
were identified by comparison of the mass spectra with a mass spec-
tral library (NIST, 2002) and the Kovats retention index with litera-
ture data (Adams, 2001).

2.4. Anesthesia induction and recovery

Juvenile fish were transferred to aquaria containing 1 L of contin-
uously aerated water and EO at concentrations of 10, 20, 30, 40, 50,
60, 70, 150 and 300 mg L™ !, first diluted 1:10 in 95% ethanol. These
concentrations were corrected based on the density of the EO
(1.09 g mL~1). Control experiments were performed using aquaria
containing ethanol alone at the same concentration used for the dilu-
tion of the highest EO concentration. To evaluate the time required for
the induction of anesthesia, 10 juveniles were used for each concen-
tration tested, and each juvenile was used only once, based on the
procedure reported by Schoettger and Julin (1967). This method in-
volves six stages, in which the following parameters were observed:
light and deep sedation (stages 1 and 2, respectively), partial and
total loss of equilibrium (stage 3a and b, respectively), deep anesthe-
sia (stage 4) and medullar collapse (stage 5). The maximum observa-
tion time was 30 min. After the induction of anesthesia, juveniles
were transferred to anesthetic-free aquaria to measure the recovery
time. Animals were considered to have recovered when they demon-
strated normal swimming and reaction to external stimuli.

2.5. Anesthetic effect of EO in association with BDZ

Different concentrations (10, 20 and 40 mg L™ ') of the EO (dilut-
ed 1:10 in 95% ethanol) were tested along with standard BDZ
(150 uM diazepam obtained from DEG, Brazil, in Tween 80 at
0.033%) as previously described (Heldwein et al., in press), in aquaria
containing 1 L of water. A control group received ethanol in the same
proportions used to dilute the EO. Fish (n=10 for EO; n=6 for BDZ
and combination) were individually tested at each concentration.
The stages of the induction of anesthesia and recovery time were
evaluated as described in Section 2.4. The maximum observation
times were 30 min for induction and 60 min for recovery. After recov-
ery, the fish were grouped according to the anesthetic protocol and
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transferred into continuously aerated 40 L aquaria, where they were
observed for 1 week for any signs of abnormal behavior, diseases or
mortality.

2.6. Evaluation of the GABAergic mechanism of action

To evaluate the GABAergic action of the EO, the protocol standard-
ized by Heldwein et al. (in press) was used. Anesthesia was induced
in the fish by treatment with BDZ (150puM of diazepam), EO
(40 mg L™ ") or the combination (EO + BDZ, at the same concentra-
tions). These concentrations were chosen due to their long recovery
time. A longer recovery time was required to better determine the ef-
ficacy of the antagonist in the reversal of the anesthetic effects. To in-
duce anesthesia, the same experimental conditions described in
Sections 2.4 and 2.5 were used. After induction, juveniles were sepa-
rated into two aquaria: one was an anesthetic-free aquarium with 1 L
water and the other contained 5 uM flumazenil (Flumazil®, Cristalia,
Brazil) in 1 L water. Fish (n=8 for EO and BDZ individually; n=7 for
EO + BDZ) were tested individually.

In treatments, the fish behavior was scored after 1, 5, 10, 15 and
20 min. Recovery scores were as follows: 0, total loss of equilibrium,
without swimming ability; 0.5, total loss of equilibrium, without
swimming ability, but response to pressure on the caudal peduncle;
1, swimming ability returns, but with partial loss of equilibrium;
1.5, without movement after erratic swimming, with partial loss of
equilibrium; 2, normal swimming, but without reaction to external
stimuli; 2.5, without movement and reaction to external stimuli, fol-
lowed by normal swimming; and 3, normal swimming with reaction
to external stimuli. At the end of 20 min, the scores of each fish were
added. An additional 0.5 was added to the score when the fish
appeared agitated. As juveniles tend to remain stationary during re-
covery, each observation included external stimuli that corresponded
to three successive hits of a glass rod against the bottom of the aquar-
ium. A higher sum of the scores corresponds to faster recovery.

2.7. Tolerance development evaluation

To determine the development of tolerance, two experiments
were carried out with the following experimental groups: BDZ (diaz-
epam 150 uM), EO (40 mg L™ !) or the combination (EO + BDZ, at the
same concentrations). In the first experiment, juveniles (n=6-10)
were exposed to the drugs twice, with an interval of 30 days between
each exposure. In the second experiment, fish (n=6-9) were ex-
posed to the drugs five times over 30 days at weekly intervals. The ex-
perimental conditions of the induction of anesthesia and the recovery
were the same as those described in Sections 2.4 and 2.5. After recov-
ery, juveniles were grouped according to their exposure time and the
anesthetic received and placed into a continuously aerated 40L
aquarium. They were observed between exposures for any signs of
abnormal behavior, diseases or mortality. Water parameters were
controlled weekly for each experimental group due to the low varia-
tion observed between them.

2.8. Statistical analysis

Data are presented as the mean 4= SEM or median and interquartile
range (Q1-Q3). To verify the homogeneity of variances, all data were
submitted to the Levene test. The results of the induction of and recov-
ery from anesthesia using the EO, BDZ or both were analyzed by a one-
way ANOVA followed by the Tukey test or the Kruskal-Wallis test
followed by the Mann-Whitney test when appropriate. A two-way
ANOVA and the Tukey test were used to analyze the recovery scores
of the mechanism test. Data from the evaluation of tolerance were an-
alyzed by a paired t-test or the Wilcoxon signed rank test. Statistical
analysis was performed using the software SPSS, version 17 and

SigmaPlot, version 11.0, and the minimum significance level was set
at P<0.05.

3. Results

The extraction of the EO resulted in a 1.12 4-0.02% yield. The major
compounds of the EO were eugenol (73.6%) and (3-bisabolene (18.3%)
(Table 1). In regard to the anesthetic action of the EO, the fish ex-
posed to 10 and 20 mg L™ ! of the EO did not show evidence of deep
anesthesia (stage 4) during the 30 min evaluation period. Additional-
ly, only 60% of the fish reached stage 4 when exposed to 30 mg L™ ! of
the EO. For all juveniles tested, 40 to 300 mg L™ ! of the EO was effec-
tive in causing a stage 4 response without side effects or mortality. In
this study, ethanol did not produce an anesthetic effect when applied
alone. The time of recovery was significantly longer following expo-
sure to the highest concentrations of EO tested (150 and
300mgL~"). No significant differences in recovery time were
detected between concentrations of 30-70 mgL~; all recovered
within 7-14 min. There was a significant positive relationship be-
tween the EO concentration and the time required for the induction
of anesthesia for all stages except stage 4. No significant relationship
was found between the EO concentration and the recovery time from
the anesthesia (Table 2).

The increase of EO concentration in combination with BDZ pro-
moted a proportional decrease in the time required for the induction
of anesthesia up to stages 2 (Fig. 1A) and 4 (Fig. 1D). The same rela-
tionship did not occur in the stages of induction that were character-
ized by a total loss of equilibrium (stage 3a and b) (Fig. 1B and C).
Furthermore, the recovery time of the fish exposed to EO+ BDZ
was significantly longer than those found with concentrations of EO
alone (Fig. 1E). However, when the recovery time after treatment
with EO + BDZ was compared with the recovery time after treatment
with BDZ alone, we observed that a shorter time was required at 10
and 20 mg L~ ! EO+BDZ, while the situation was reversed at the
highest concentration.

Faster induction of anesthesia was obtained with the EO +BDZ
treatment compared to BDZ or EO alone except for stage 4. To reach
this stage, 40 mg L~ ! of EO did not differ statistically from EO + BDZ
at the same concentration (Fig. 1D). However, a clear synergism
could be observed in the EO + BDZ treated group at the other tested
concentrations. The application of only 10 or 20 mg L~ ! of EO leads
to stage 2 and 3a anesthesia, respectively (Fig. 1A and B), while fish
exposed to the combination with BDZ reached deep anesthesia
(Fig. 1D). Mortality was not observed during the 7-day period follow-
ing exposure in this experiment. However, animals exposed to BDZ
and EO + BDZ returned to normal feed intake 6 days after anesthetic
exposure, while those exposed to EO fed normally after their recovery
from anesthesia.

To evaluate whether the EO has a GABAergic mechanism of action,
scores were compared after recovery in flumazenil or water. Juveniles
exposed to BDZ had a higher total score when 5 pM of flumazenil was
added to the water compared to those that recovered in water alone
(P=0.045). This result demonstrates the pharmacological validation

Table 1

Chemical composition of Ocimum gratissimum L. essential oil.
Peak Rt (min) Constituents (%) RI calc RI ref
1 26.697 Eugenol 73.6 1361 1359
2 27.247 o-Ylangene 1.2 1368 1375
3 27.570 B-Bourbonene 0.8 1386 1388
4 31.648 [3-bisabolene 183 1510 1509
5 33.816 Spathulenol 14 1581 1580
6 34.0 {3-Caryophyllene oxide 4.8 1587 1585

Total 100

%: relative percentage; Rt: retention time; RI calc: calculated Kovats retention index; RI
ref: reference Kovats retention index.
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Table 2
Time required for the induction of and recovery from anesthesia using the essential oil of Ocimum gratissimum in juvenile silver catfish. Stages are defined according to Schoettger
and Julin (1967). Maximum observation time was 30 min. Time to reach each stage is given in seconds (s). n=10 for each concentration tested.

Concentration  Induction Time to recovery (s)

—1
(mgl™5) Stage 2 (s) Stage 3a (s) Stage 3b (s) Stage 4 (s)
10 726 (511.8-827.5) - - - 293 (234.3-313.5)¢
20 132 (116.8-170.5) 337.5 (282.8-356.3) - - 434.5 (352.3-482.3)¢
30 89.5 (58.3-91.8) 128.5 (96.3-143.8) 664 (519.8-778.8) 854 (776-950.8)* 581.5 (527.5-664.5)¢
40 49 (34.3-60.5) 74 (49.3-95.5) 500.5 (478.8-660.5) 759 (680.3-896.5)* 444 (332-776.5)¢
50 51.5 (46.3-59.3) 79.5 (68.8-101.3) 471 (409.5-538) 681.5 (562.3-839.8)" 551 (522.8-644.5)¢
60 50.5 (38.5-56.3) 59.5 (47.8-68) 320 (308-344.3) 467 (397-490.5)¢ 827 (500-958.5)>
70 32.5 (24-36.5) 49.5 (44.5-52) 304 (293.5-318) 376.5 (349-477.8)¢ 587 (528.5-740.3)¢
150 19.5 (17-23.7) 28 (24.3-31.8) 88 (83.8-94) 153 (146.3-160)¢ 1031 (900.5-1155)%®
300 17 (10.8-18) 21.5 (18-24.8) 33.5 (30.3-44.5) 65.5 (48.3-78.3)¢ 1181 (1150-1689)*
Equations Ln(y) =0.0595 + 14.8399/In(x)  1/y=—0.0146+0.0019 In(x?>)  y=42.95+ 1364.7072exp */41-272

r>=0.9895 ?=0.9915 r>=0.9938

Data are expressed as the median and interquartile range (Q1-Q3). Different letters in the columns indicate significant difference between concentrations based on Kruskal-Wallis
and Mann-Whitney tests (P<0.05).
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Fig. 1. Anesthetic effect of the essential oil of Ocimum gratissimum L. (EO) in association with benzodiazepine (BDZ) in juvenile silver catfish: (A) stage 2, (B) stage 3a, (C) stage 3b
and (D) stage 4, based on the definitions of Schoettger and Julin (1967). (E) Recovery time. Maximum observation time for induction was 30 min. Time to reach each stage is given
in seconds (s). n=10 for EO and n=6 for BDZ and the combination (EO + BDZ). The control group of vehicle treatment is omitted because it did not produce any stage of anes-
thesia. Data are expressed as the median and interquartile range (Q1-Q3). Capital letters indicate significant differences between groups (EO; BDZ; EO + BDZ) at the same concen-
tration (Kruskal-Wallis and Mann-Whitney tests; P<0.05). Lowercase letters indicate significant differences between concentrations of the same group (Kruskal-Wallis and
Mann-Whitney tests for stages of EO, stage 2 of BDZ and stage 3a of EO 4+ BDZ; one-way ANOVA and Tukey test for stages 3a, 3b and recovery of BDZ and stages 2, 3b, 4 and recovery
of EO+BDZ; P<0.05).
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Table 3
Sum of recovery scores for silver catfish exposed to the essential oil of Ocimum gratissimum
(EO), benzodiazepine (BDZ) and the combination (EO + BDZ).

Group Recovery treatment

Water Flumazenil
BDZ (n=8) 0.64+0.32° 243 +035%
EO (n=8) 5.25+0.86"" 7.87 £0.58%
EO+BDZ (n=7) 4,504+ 0.65A 6.25 +0.44°"

Data are presented as the mean4SEM. Capital letters in the columns indicate
significant differences between groups, and lowercase letters in the rows indicate
significant differences between the recovery treatments. Two-way ANOVA and Tukey
test were used (P<0.05).

of the test used in this work. A similar pattern was verified in silver
catfish exposed to EO (P=0.002) and EO + BDZ (P=0.036). Fish ex-
posed to BDZ presented the slowest recovery regardless of whether
they recovered in water alone or with flumazenil (Table 3).
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Fig. 2. Induction of tolerance of silver catfish juveniles to (A) 150 uM benzodiazepine
(BDZ), (B) 40 mg L~ ! essential oil of Ocimum gratissimum (EO), and (C) combination
(EO+BDZ). Data are presented as the mean+SEM (n=5-9). * P<0.05 compared
with first exposure (day 1) using paired t-test. # P<0.05 compared with first exposure
(day 1) using Wilcoxon signed rank test.

Anesthesia at stage 3b or total loss of equilibrium was chosen to
represent tolerance when performing the statistical analysis of the
tolerance of juvenile silver catfish after successive exposures to anes-
thesia with BDZ, EO or EO + BDZ, because the standard BDZ treatment
leads to this induction stage. BDZ and EO need less time to reach stage
3b in the second exposure after 30 days when compared to the first
exposure. An opposite pattern was observed in fish exposed to the
same drugs five times in a 30-day period (Fig. 2A and B). At the fifth
exposure, exposure to BDZ and EO took longer to cause stage 3b re-
sponse than in the first exposure. However, EO 4+ BDZ did not demon-
strate significant differences between successive exposures (P> 0.05)
(Fig. 2C).

Mortality was evaluated in silver catfish exposed to BDZ (20% ju-
veniles) and EO + BDZ (10% juveniles) one day after the anesthetic
procedure during the sequential two-exposure protocol. Infectious
diseases occurred in 20% of the fish in the BDZ group and 10% of the
fish in the EO +BDZ group of this experiment and also in 16.7% of
the juveniles of the EO + BDZ group in the sequential five-exposure
protocol. These animals were excluded from the study. The water pa-
rameters during the exposure protocols did not differ statistically
from the initial values (data not shown).

4. Discussion

The chemical composition and yield obtained for the EO were sim-
ilar to those of the eugenol chemotype of the same plant species pre-
viously described (Freire et al., 2006; Rabelo et al., 2003; Vieira et al.,
2001). However, the eugenol and B-bisabolene contents were higher
in the EO than previously described (Vieira et al., 2001) and suggest a
new chemical profile for this plant. These changes in chemical com-
position of EO can be due to geographic, physiological and genetic
variations, as well as environmental conditions (Figueiredo et al.,
2008).

Previously, reports on O. gratissimum described its sedative prop-
erties in both folk medicine treatments and animal models using ro-
dents (Albuquerque et al., 2007; Di Stasi et al., 2002; Freire et al.,
2006; Orafidiya et al., 2004). Thus, this plant was expected to have a
sedative and anesthetic effect in silver catfish. The EO at 30 mg L'
or higher concentrations caused deep anesthesia in silver catfish
without side effects and mortality even at 300 mg L™ . In the same
species, eugenol, the major compound of EO, leads to stage 4 anesthe-
sia at a concentration range of 20-50 mg L™ !, and higher concentra-
tions induced mortality (Cunha et al, 2010a). The essential oil of
L. alba at 300-500 mg L~ ! induced rapid deep anesthesia (<4 min)
in silver catfish (Cunha et al.,, 2010b), while EO leads quickly to the
same stage at 150-300 mg L~ L. These results show that the EO is an
effective alternative to currently used anesthesia for this species and
is safer than eugenol because the effective EO concentration range
that does not cause mortality is wider than that of eugenol. According
to Freire et al. (2006), the sedative activity of the EO in rodents is not
accompanied by effects upon the exploratory behavior or the motor
system. The same authors did not find a relationship between the
amount of eugenol and the sedative activity of the EO. These reports,
when analyzed together with our results and a previous study of the
anesthetic activity of eugenol (Cunha et al., 2010a), indicate a possi-
ble synergic effect of the EO constituents that promotes sedation
and anesthesia in silver catfish.

Experiments using synergism may be a basis for investigating the
mechanism of action (Tallarida, 2001). In the present study, clear syn-
ergic behavior was verified through treatment with the combination
of BDZ and EO at the lower concentrations tested, given that both
drugs alone did not induce deep anesthesia in silver catfish. Although
studies attempting to determine the type of synergic interaction were
not performed here, an additive effect between the compounds could
have occurred. Additivity means that the addition of a more potent
drug results in a treatment that acts like a more concentrated form
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of the less potent drug (Tallarida, 2001). An example of this behavior
may be observed in the time required to reach stage 4, where the EO
and the combination were not significantly different at 40 mg L~ .

Due to its relatively short half-life, flumazenil, a benzodiazepine
antagonist, is therapeutically used to speed recovery from the effect
of longer half-life benzodiazepines, such as diazepam (Bateson,
2002; Betti et al., 2001; Johnston et al., 2006). In this study, the possi-
ble involvement of GABA4 receptors in the EO mechanism of action
was investigated through recovery in a bath containing flumazenil.
Similar to what was observed in fish treated with BDZ alone, fish ex-
posed to the EO or the combination of EO + BDZ recovered from anes-
thesia faster in the presence of flumazenil. These results suggest a
benzodiazepine-like action of the EO.

In regard to the central depressant effects of BDZ, a longer induc-
tion time until stage 3a and higher depression level (fish reached
stage 3b) was verified in this study when compared to the previous
effects described in silver catfish (Heldwein et al., in press). One pos-
sible reason for this discrepancy could be the higher water tempera-
ture used in the present study. Water temperature changes the
eugenol induction time in silver catfish, and this effect is concentra-
tion dependent (Gomes et al., 2011). In addition, a temperature in-
crease decreased the induction and recovery time in other fish
species exposed to different anesthetic agents, such as clove oil, 2-
phenoxyethanol, benzocaine, MS-222 and metomidate (Imanpoor et
al., 2010; Mylonas et al., 2005; Zahl et al., 2009). This phenomenon
is probably related to the acceleration of ventilation rates and gill
blood flow due to the increased basal metabolism of fish maintained
at higher temperatures (Mylonas et al., 2005; Zahl et al., 2009).

Tolerance is defined as a decrease in the ability of a drug to pro-
duce the same degree of pharmacological effect over time (Bateson,
2002). The evaluation of tolerance to the EO and BDZ was determined
after a seven-day interval between exposures because silver catfish
exposed to BDZ or the combination (EO 4 BDZ) only returned to nor-
mal feeding behavior 6 days after exposure. In the present study, tol-
erance was observed in fish exposed successively to the EO and BDZ
for 30 days at weekly intervals. Two exposures, however, were
enough to sensitize the fish to the action of these drugs. In this con-
text, the combination of EO + BDZ has a better pharmacological pro-
file because repeated exposures did not induce tolerance and/or
enhance sensitivity. To our knowledge, this is the first time that toler-
ance to an essential oil and BDZ has been verified in fish after long ad-
ministration intervals for both central depressor agents. The
development of a slight tolerance was described previously for Euro-
pean sea bass (Dicentrarchus labrax) and gilthead sea bream (Sparus
aurata) anesthetized with clove oil after three exposures repeated
daily (Mylonas et al., 2005).

According to Fernandes et al. (1999), in some animal tests, contin-
uous receptor occupancy in minimal amounts favors the develop-
ment of tolerance. Kildea et al. (2004) in their studies of the
accumulation and clearance of anesthetics from the edible tissue of
silver perch (Bidyanus bidyanus) concluded that repeated exposure
to clove oil may lead to a decreased capacity to completely clear tis-
sues of the residues of this anesthetic in fish. The long half-life of eu-
genol (12.14 h) in rainbow trout (Oncorhynchus mykiss) also suggests
that accumulation is a possible consequence of repeated administra-
tion (Guénette et al., 2007). Additionally, long recovery times, as ob-
served for all drugs tested, are indicative of slow clearance and
elimination (Zahl et al., 2009). Therefore, the observed tolerance to
the EO and BDZ could be the result of their pharmacokinetic charac-
teristics. However, more studies must be performed to confirm this
hypothesis. Our current knowledge does not allow us to explain
why the combination did not cause development of tolerance.

Tolerance, in terms of the sedative effects of classical benzodiaze-
pines, has been widely reported in animals (Bateson, 2002). However,
the mechanism of tolerance development is not completely under-
stood. Down-regulation of the number of GABA, receptors as a

consequence of prolonged exposure to benzodiazepine positive mod-
ulators is an obvious potential mechanism (Bateson, 2002; van
Rijnsoever et al.,, 2004). There is increasing experimental evidence
for a number of molecular processes that include the uncoupling of
the allosteric linkage between GABA and benzodiazepine sites as
well as changes in receptor subunit turnover and in receptor gene ex-
pression (Bateson, 2002; Oggier et al., 2010).

The infections and inhibition of appetite observed in the fish could
be the result of concomitant stress from handling or confinement in
addition to anesthesia. Fish react to challenges with a series of neuro-
endocrine adjustments, known as the stress response. This involves
the release of hormones through the activation of the hypothalam-
ic-pituitary-interrenal axis, which results in changes in secondary
physiological responses, including immunodepression and the inhibi-
tion of feed intake (Bressler and Ron, 2004; Hontela, 1998;
Kulczykowska and Vazquez, 2010; Schreck, 2010).

Barcellos et al. (2001) described an increase in cortisol and glucose
levels for silver catfish after net capture and tank transference. Zahl et
al. (2010) observed stress in response to anesthesia with benzocaine,
MS-222, metomidate and isoeugenol in Atlantic salmon (Salmo salar),
Atlantic halibut (Hippoglossus hippoglossus), and Atlantic cod (Gadus
morhua). However, in the present study, only the groups anesthetized
with BDZ or the combination (EO 4 BDZ) showed signs of infection or
a reduced feed intake. As all animals were submitted to capture and
tank transference, the EO seems to play a role in preventing the de-
velopment of stress in silver catfish when applied alone. This hypoth-
esis is partially supported by the study carried out with eugenol, the
major constituent of EO, which prevented an increase of cortisol in
silver catfish due to handling and air exposure (Cunha et al., 2010a).
However, further studies are being performed to confirm this proper-
ty of the EO.

The inhibition of feed intake after exposure to BDZ and EO + BDZ
may also be related to the action of diazepam on melatonin secretion.
According to Meissl and Yafiez (1996), the addition of diazepam in-
creased melatonin production in the mesopic and partly in the phot-
opic range of illumination of cultured trout pineal organs. In their
review on the melatonin system in teleost fish, Falcén et al. (2010)
described that pineal (melatonin) control plays a role in the regula-
tion of physiological processes as growth, feed intake and digestion.

5. Conclusion

In conclusion, the EO of O. gratissimum is an effective and safe an-
esthetic for silver catfish. Its mechanism of action seems to be related
to the GABAs-benzodiazepine receptor. Similar to BDZ, it is able to es-
tablish tolerance after successive exposures even after a long period
of time. However, further studies are required to determine whether
the pharmacokinetic characteristics of the EO will influence its ac-
ceptability to consumers of fish subjected to anesthesia using this es-
sential oil. Regarding human safety concerns, this plant having been
widely used as a food flavor and in traditional medicine (Di Stasi et
al., 2002) may facilitate its approval as an anesthetic in fish destined
for human consumption.

Acknowledgments

This study was supported by research funds from the Fundacdo de
Amparo a Pesquisa do Estado do Rio Grande do Sul (FAPERGS/PRONEX,
process 10/0016-8) and Conselho Nacional de Pesquisa e Desenvolvi-
mento Cientifico (CNPq, process 470964/2009-0). B. Baldisserotto,
C. A. Mallmann, A. M. S. Pereira and M. E. Biirger are grateful to CNPq
for research fellowships; L.L. Silva, T.V. Parodi and P. Reckziegel are
grateful to Coordenagdo de Aperfeicoamento de Pessoal de Nivel Superior
(CAPES) for their graduate fellowships.


doi:10.1590/S0100-879X2012007500052

L.L. Silva et al. / Aquaculture 350-353 (2012) 91-97 97

References

Adams, R.P., 2001. Identification of Essential Oil Components by Gas Chromatography/
Quadrupole Mass Spectroscopy. Allured Publishing Corporation, Illinois.

Albuquerque, U.P., Medeiros, P.M., Almeida, A.LS., Monteiro, ].M.,, Lins Neto, EM.F,,
Melo, ].G., Santos, ].P., 2007. Medicinal plants of the caatinga (semi-arid) vegeta-
tion of NE Brazil: a quantitative approach. Journal of Ethnopharmacology 114,
325-354.

Barcellos, LJ.G., Woehl, V.M., Wassermann, G.F., Quevedo, R.M., Ittzés, I, Krieger, M.H.,
2001. Plasma levels of cortisol and glucose in response to capture and tank trans-
ference in Rhamdia quelen (Quoy & Gaimard), a South American catfish. Aquacul-
ture Research 32, 121-123.

Bateson, A.N., 2002. Basic pharmacologic mechanisms involved in benzodiazepine tol-
erance and withdrawal. Current Pharmaceutical Design 8, 5-21.

Betti, L., Giannaccini, G., Gori, M., Bistocchi, M., Lucacchini, A., 2001. [*H]Ro 15-1788
binding sites to brain membrane of the saltwater Mugil cephalus. Comparative Bio-
chemistry and Physiology. C 128, 291-297.

Bressler, K., Ron, B., 2004. Effect of anesthetics on stress and the innate immune system of
gilthead seabream (Sparus aurata). The Israeli Journal of Aquaculture — Bamidgeh 56,
5-13.

Cunha, M.A,, Zeppenfeld, C.C., Garcia, L.O., Loro, V.L., Fonseca, M.B., Emanuelli, T., Veeck,
A.P.L., Copatti, C.E., Baldisserotto, B., 2010a. Anesthesia of silver catfish with euge-
nol: time of induction, cortisol response and sensory analysis of fillet. Ciencia Rural
40, 2107-2114.

Cunha, M.A,, Barros, F.M.C,, Garcia, L.O., Veeck, A.P.L, Heinzmann, B.M., Loro, V.L,
Emanuelli, T., Baldisserotto, B., 2010b. Essential oil of Lippia alba: a new anesthetic
for silver catfish, Rhamdia quelen. Aquaculture 306, 403-406.

Di Stasi, L.C,, Oliveira, G.P., Carvalhaes, M.A., Queiroz Jr., M., Tien, O.S., Kakinami, S.H.,
Reis, M.S., 2002. Medicinal plants popularly used in the Brazilian Tropical Atlantic
Forest. Fitoterapia 73, 69-91.

Eaton, A.D., Clesceri, LS., Rice, EW., Greenberg, A.E., 2005. Standard Methods for the
Examination of Water and Wastewater, 21st ed. Amer Public Health Assn.
1325pp.

Faganha, M.F., Gomes, L.C., 2005. A eficicia do mentol como anestésico para tambaqui
(Colossoma macropomum, Characiformes: Characidae). Acta Amazonica 35, 71-75.

Falcén, J., Migaud, H., Mufioz-Cueto, J.A., Carrillo, M., 2010. Current knowledge on the
melatonin system in teleost fish. General and Comparative Endocrinology 165,
469-482.

Fernandes, C., Arnot, M.L, Irvine, E.E., Bateson, A.N., Martin, LL,, File, S.E., 1999. The ef-
fect of treatment regimen on the development of tolerance to the sedative and an-
xiolytic effects of diazepam. Psychopharmacology 145, 251-259.

Figueiredo, A.C., Barroso, J.G., Pedro, L.G., Scheffer, J.J.C., 2008. Factors affecting second-
ary metabolite production in plants: volatile components and essential oils. Fla-
vour and Fragrance Journal 23, 213-226.

Freire, CM.M., Marques, M.O.M., Costa, M., 2006. Effects of seasonal variation on the
central nervous system activity of Ocimum gratissimum L. essential oil. Journal of
Ethnopharmacology 105, 161-166.

Gomes, L.C., Golombieski, J., Chippari-Gomes, A.R., Baldisserotto, B., 2000. Biology of
Rhamdia quelen (Teleostei, Pimelodidae). Ciencia Rural 30, 179-185.

Gomes, D.P., Chaves, B.W., Becker, A.G., Baldisserotto, B., 2011. Water parameters affect
anaesthesia induced by eugenol in silver catfish, Rhamdia quelen. Aquaculture Re-
search 42, 878-886.

Guénette, S.A., Uhland, F.C., Hélie, P., Beaudry, F., Vachon, P., 2007. Pharmacokinetics of
eugenol in rainbow trout (Oncorhynchus mykiss). Aquaculture 266, 262-265.
Heldwein, C.G., Silva, L.L., Reckziegel, P., Barros, F.M.C., Biirger, M.E., Baldisserotto, B.,
Malmann, C.A., Schmidt, D., Caron, B.O., Heinzmann, B.M., in press. Participation
of GABAergic system in the anesthetic effect of the essential oil of Lippia alba
(Mill.) N.E. Brown. Brazilian Journal of Medical and Biological Research. doi:10.

1590/S0100-879X2012007500052.

Hontela, A., 1998. Interrenal dysfunction in fish from contaminated sites: in vivo and in
vitro assessment. Environmental Toxicology and Chemistry 17, 44-48.

Imanpoor, M.R,, Bagheri, T., Hedayati, S.A.A., 2010. The anesthetic effects of clove
essence in Persian sturgeon, Acipenser persicus. World Journal of Fish and Marine
Sciences 2, 29-36.

Inoue, L.A.K.A., Santos Neto, C., Moraes, G., 2003. Clove oil as anaesthetic for juveniles of
matrinxa Brycon cephalus (Gunther, 1869). Ciencia Rural 33, 943-947.

Johnston, G.A.R., Hanrahan, J.R., Chebib, M., Duke, RK., Mewett, K.N., 2006. Modulation
of ionotropic GABA receptors by natural products of plant origin. Advances in Phar-
macology 54, 285-316.

Kildea, M.A,, Allan, G.L,, Kearney, R.E., 2004. Accumulation and clearance of the anaes-
thetics clove oil and AQUI-S™ from the edible tissue of silver perch (Bidyanus
bidyanus). Aquaculture 232, 265-277.

Kulczykowska, E., Vazquez, FJ.S., 2010. Neurohormonal regulation of feed intake and
response to nutrients in fish: aspects of feeding rhythm and stress. Aquaculture Re-
search 41, 654-667.

Meissl, H., Yafiez, J., 1996. Diazepam increases melatonin secretion of photosensitive
pineal organs of trout in the photopic and mesopic range of illumination. Neurosci-
ence Letters 207, 37-40.

Mueller, T., Vernier, P., Wullimann, M.F., 2006. A phylotypic stage in vertebrate brain
development: GABA cell patterns in zebrafish compared to mouse. The Journal of
Comparative Neurology 494, 620-634.

Mylonas, C.C., Cardinaletti, G., Sigelaki, 1., Polzonetti-Magni, A., 2005. Comparative effi-
cacy of clove oil and 2-phenoxyethanol as anesthetics in the aquaculture of Euro-
pean sea bass (Dicentrarchus labrax) and gilthead sea bream (Sparus aurata) at
different temperatures. Aquaculture 246, 467-481.

NIST, 2002. EPA/NIH Mass Spectral Library and Search/Analysis Programs. J. Wiley and
Sons, Hoboken, NJ.

Oggier, D.M., Weisbrod, C]., Stoller, A.M., Zenker, A.K., Fent, K., 2010. Effects of diaze-
pam on gene expression and link to physiological effects in different life stages
in zebrafish Danio rerio. Environmental Science and Technology 44, 7685-7691.

Orafidiya, L.O., Agbani, E.O., Iwalewa, E.O., Adelusola, K.A., Oyedapo, 0.0., 2004. Studies
on the acute and sub-chronic toxicity of the essential oil of Ocimum gratissimum
L. leaf. Phytomedicine 11, 71-76.

European Pharmacopoeia, 2007. 6th ed. European Directorate for the Quality of Medi-
cines, Strassbourg.

Rabelo, M., Souza, E.P., Soares, P.M.G., Miranda, A.V., Matos, F.J.A., Criddle, D.N., 2003.
Antinociceptive properties of the essential oil of Ocimum gratissimum L. (Labiatae)
in mice. Brazilian Journal of Medical and Biological Research 36, 521-524.

Reynolds, D.S., Rosah, T.W., Cirone, J., O'Meara, G.F., Haythornthwaite, A., Newman, R.,
Myers, J., Sur, C.,, Howell, O., Rutter, AR, Atack, ], Macaulay, AJ., Hadingham, K.L.,
Hutson, P.H., Belelli, D., Lambert, ]J., Dawson, G.R., McKernan, R., Whiting, PJ.,
Wafford, K.A., 2003. Sedation and anesthesia mediated by distinct GABA4 receptor
isoforms. Journal of Neuroscience 23 (24), 8608-8617.

Schoettger, RA., Julin, M., 1967. Efficacy of MS-222 as an anesthetic on four salmonids.
Fish Control U.S. Department International 13, 1-15.

Schreck, C.B., 2010. Stress and fish reproduction: the roles of allostasis and hormesis.
General and Comparative Endocrinology 165, 549-556.

Tallarida, RJ., 2001. Drug synergism: its detection and applications. Journal of Pharma-
cology and Experimental Therapeutics 298, 865-872.

Tchoumbougnang, F., Amvam Zollo, P.H., Aviessi, F., Alitonou, G.A., Sohounhloue, D.K.,
Ouamba, J.M., Tsomambet, A., Andissa, N.O., Dagne, E., Agnaniet, H., Bessiére, ].M.,
Menut, C., 2006. Variability in the chemical compositions of the essential oils of
five Ocimum species from Tropical African area. Journal of Essential Oil Research
18, 194-199.

van Rijnsoever, C., Tauber, M., Choulli, M.K,, Keist, R., Rudolph, U., Mohler, H., Fritschy,
J.M,, Crestan, F., 2004. Requirement of a5-GABA4 receptors for the development of
tolerance to the sedative action of diazepam in mice. Journal of Neuroscience 24
(30), 6785-6790.

Vieira, RF, Grayer, R]., Paton, A,, Simon, ].E., 2001. Genetic diversity of Ocimum gratissimum
L. based on volatile oil constituents, flavonoids and RAPD markers. Biochemical
Systematics and Ecology 29, 287-304.

Zahl, LH., Kiessling, A., Samuelsen, 0.B., Hansen, M.K., 2009. Anaesthesia of Atlantic cod
(Gadus morhua) — effect of pre-anaesthetic sedation, and importance of body
weight, temperature and stress. Aquaculture 295, 52-59.

Zahl, LH,, Kiessling, A., Samuelsen, 0.B., Olsen, R.E., 2010. Anesthesia induces stress in
Atlantic salmon (Salmo salar), Atlantic cod (Gadus morhua) and Atlantic halibut
(Hippoglossus hippoglossus). Fish Physiology and Biochemistry 36, 719-730.



31

2.2 Artigo 2

SILVA, L. L.; GARLET, Q. I.; BENOVIT, S. C.; DOLCI,G.; MALLMANN, C. A,
BURGER, M. E.; BALDISSEROTTO, B.; LONGHI, S. J.; HNZMANN, B. M. Sedative
and anesthetic activities of the essential oilsHgptis mutabilis(Rich.) Brig. and their
isolated components in silver catfisRhamdia quelen Brazilian Journal of Medical and
Biological Research, v. 46, p. 771-779, 2013.



Brazilian Journal of Medical and Biological Research (2013) 46: 771-779, http://dx.doi.org/10.1590/1414-431X20133013
ISSN 1414-431X

Sedative and anesthetic activities of the
essential oils of Hyptis mutabilis (Rich.)
Brig. and their isolated components in
silver catfish (Rhamdia quelen)

L.L. Silva', Q.I. Garlet', S.C. Benovit', G. Dolci', C.A. Mallmann?, M.E. Biirger'3,
B. Baldisserotto', S.J. Longhi* and B.M. Heinzmann'-®

'Programa de Pés-Graduagdo em Farmacologia, Universidade Federal de Santa Maria, Santa Maria, RS, Brasil
’Departamento de Medicina Veterinaria Preventiva, Universidade Federal de Santa Maria, Santa Maria, RS, Brasil
3Departamento de Fisiologia e Farmacologia, Universidade Federal de Santa Maria, Santa Maria, RS, Brasil
“Departamento de Ciéncias Florestais, Unversidade Federal de Santa Maria, Santa Maria, RS, Brasil
SDepartamento de Farmacia Industrial, Universidade Federal de Santa Maria, Santa Maria, RS, Brasil

Abstract

This study evaluated the sedative and anesthetic effects of the essential oils (EO) of Hyptis mutabilis (Rich.) Brig. and their
isolated components on silver catfish (Rhamdia quelen). Quantitative chemical differences between the EOs obtained from
leaves and inflorescences were verified, and a new chemotype rich in globulol was described. Although there were no
significant differences in the time of induction for sedation and anesthesia between the EOs, only the leaf EO at 344 mg/L
anesthetized all fish without side effects. Fractionation of the leaf EO was carried out by column chromatography. The isolated
compounds [(+)-1-terpinen-4-ol and (-)-globulol] showed different activity from that detected for the leaf EO in proportional
concentrations and similar sedation to a eugenol control at 10 mg/L. However, fish exposed to 1-terpinen-4-ol (3 and 10 mg/L)
did not remain sedated for 30 min. Anesthesia was obtained with 83-190 mg/L globulol, but animals showed loss of mucus
during induction and mortality at these concentrations. Synergism of the depressor effects was detected with the association of
globulol and benzodiazepine (BDZ), compared with either drug alone. Fish exposed to BDZ or globulol+BDZ association
showed faster recovery from anesthesia in water containing flumazenil, but the same did not occur with globulol. In conclusion,
the use of globulol in aquaculture procedures should be considered only at sedative concentrations of 10 and 20 mg/L, and its
mechanism of action seems not to involve the GABAA-BDZ system.

Key words: Silver catfish; (+)-1-Terpinen-4-ol; (-)-Globulol; Sedation; GABA

Introduction

Anesthetics are used in aquaculture procedures to
immobilize the animals and to prevent stress and pain
(1,2). However, some commonly used synthetic com-
pounds induce significant side effects in fish, such as
depression of cardiovascular and respiratory function and
immunosuppressive effects (3). In this context, essential
oils (EOs) and their constituents offer an alternative as a
sedative and anesthetic for aquatic animals, and their use
has been spreading in recent years (4-8).

The most frequent representative of the genus Hyptis
(Lamiaceae) in Southern Brazil is Hyptis mutabilis (Rich.)
Brig., known as alfavac&o and basil (9,10). In folk medicine,
it is used for the treatment of gastritis, headache, and as a

healing product, expectorant, and sedative (11,12).
Until now, only the antiulcerogenic (13) and antimicrobial
(14) activities have been reported for its EO. Distinct
major chemical constituents that have been described
for the EO of this plant include a-phellandrene, p-cymene,
E-caryophyllene, E-dihydrocarvone, thymol, §-3-carene,
and E-methyl cinnamate (9,13,15,16).

In the present study, we evaluated the sedative and
anesthetic properties of H. mutabilis EOs and their isolated
compounds in silver catfish (Rhamdia quelen) in order to
identify alternative products for use in aquaculture. In
addition, involvement of the GABAergic system in depressor
activities of the major isolated compound was evaluated.
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Material and Methods

Plant material

Aerial parts of H. mutabilis were collected in March
2010, January 2011, and March 2012 in Santa Maria
(RS, Brazil). A voucher specimen (No. SMDB 13076)
identified by Dr. Solon Jonas Longhi was deposited in the
Herbarium of the Departamento de Biologia, Universidade
Federal de Santa Maria.

Animals

Silver catfish (R. quelen) juveniles were purchased
from a local fish farm and transported to the laboratory,
where they were maintained in continuously aerated
250-L tanks with controlled water parameters. The
dissolved oxygen levels (experiment 1: 8.65+0.07 mg/L;
experiments 2 and 3: 7.18 +£0.12 mg/L; experiments 4 and
5: 7.10+£0.17 mg/L) and temperature (experiment 1:
15.90+0.14°C; experiments 2 and 3: 19.91+0.13°C;
experiments 4 and 5: 21.02+0.11°C) were measured with
a YSl-dissolved oxygen meter (YSI Inc., USA). The pH
(experiment 1: 7.37+0.11; experiments 2 and 3:
6.70+0.12; experiments 4 and 5: 7.11+0.06) was
measured with a DMPH-2 pH meter (Digimed, Brazil).
Total ammonia levels (experiment 1: 2.43+0.81 mg/L;
experiments 2 and 3: 0.51+0.17 mg/L; experiments 4 and
5: 1.08+0.12 mg/L) were measured by the salicylate
method (17). A semi-static system was used, where 50%
of the water volume was changed daily. Fish were fed once
a day with commercial feed (28.0% crude protein).
Juveniles were fasted for a period of 24 h prior to the
experiments. The methodologies were approved by the
Ethics and Animal Welfare Committee of the Universidade
Federal de Santa Maria (Process No. 46/2010). The
number of fish used in each experiment was the lowest
possible in order to satisfy the policy of reduction of
experimental animals of the institution.

Phytochemical analysis

Essential oil extraction and analysis. Inflorescence and
leaves were submitted separately to a hydrodistillation
procedure for 3 h in a Clevenger-type apparatus (18) and
percentage extractive yield was determined (w/w).
Essential oils were stored at -4°C in amber glass bottles
until gas chromatography and mass spectrometry (GC-
MS) analysis, fractionation, and biological testing.

GC-MS was performed using an Agilent-6890 gas
chromatograph coupled with an Agilent 5973 mass
selective detector using an HP5-MS column (5% phenyl,
95% methylsiloxane, 30 m x 0.25 mm ID x 0.25 um) as
described by Silva et al. (8). The EO constituents were
identified by comparison of the Kovats retention index and
mass spectra with a mass spectral library (19), and
published data (20).

Isolation and identification. Leaf essential oil obtained in
January 2011 was fractionated by column chromatography

Braz J Med Biol Res 46(9) 2013
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(CC) in three repetitions. Each repetition was performed
with 2 g EO added to a column (3 x27 cm) containing
100 g silica gel 60 (70-230 mesh, Macherey-Nagel,
Germany) and eluted with 98:2 (v/v) hexane-acetone at
2 mL/min. The 20-mL fractions obtained were collected in
15 main fractions (fractions A-O) based on thin-layer
chromatography (TLC) profile (silica gel F254; detection:
anisaldehyde-H,SO,) and concentrated under reduced
pressure at 40°C. The compound (+)-1-terpinen-4-ol
[32.9 mg, yellow oil, EI-MS m/z (%): 154 (M™);
(0)p2°=+8.7° (c 0.023, CHCI3)] was obtained from
fraction G of the first repetition.

Fraction M (405 mg) was applied to a 2x48 cm
column containing 46 g silica gel 60 impregnated with
10% silver nitrate (21) and eluted with 95:5 (v/v) hexane-
acetone at 1 mL/min. This CC gives 12 fractions of 20 mL
(M1-12), where M4 corresponded to (-)-globulol [252 mg;
white crystalline solid; m.p. 86.9-87°C; EI-MS m/z (%):
222 (M*); (a)p?°=-41.8° (c 0.11, CHCIl3)]. A larger
quantity of this compound (634.8 mg) was purified by
CC (1.9 x61.5 cm) under the same conditions described
above using the remaining part of fractions M (755.9 mg),
M3, and M5 (67.3 mg).

Identification of the isolated compounds was con-
firmed by GC-MS, 'H and '*C nuclear magnetic reso-
nance (NMR). NMR spectra were recorded in CDCl; on a
Bruker HPX 400 FT-NMR at 400 MHz for 'H and
100 MHz for 'C with tetramethylsilane (TMS) as an
internal standard.

Evaluation of the depressor properties

Two experimental sets were performed to evaluate the
sedative and anesthetic potential of the EOs of
H. mutabilis and their isolated compounds in juvenile silver
catfish. In experiment 1, the anesthetic activity of the leaf
and inflorescence EOs extracted in March 2010 were
evaluated. Six juveniles (4.96+0.56 g; 7.95+0.25 cm)
were used for each concentration tested (172 and
344 mgjL).

The second experiment measured the activity of the
isolated compounds in concentrations proportional to
those detected in 344 mg/L leaf EO obtained in March
2012 (3 mg/L 1-terpinen-4-ol and 83 mg/L globulol) in
comparison to the same EO. Next, the same substances
were evaluated at other concentrations (10 mg/L
1-terpinen-4-ol; 10, 20, 50, and 190 mg/L globulol) to
determine the effective concentrations as a sedative and
an anesthetic. These concentrations were chosen to allow
comparison of the results with other, previously tested,
fish anesthetics (5,6). Each concentration was tested in 7
fish (8.58+0.21 g; 10.20+0.13 cm). The EO concentra-
tions were corrected from the density of inflorescence and
leaf EOs (March 2010), 0.86 g/mL, and leaf EO (March
2012), 0.90 g/mL, before adding to the aquarium water.

Fish were transferred to aquaria containing 1 L water
and the sample to be tested, previously diluted in 95%
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ethanol (1:10 for EO and 1-terpinen-4-ol, 1:5 for globulol),
to evaluate the time required to induce anesthesia (22).
Each juvenile was used only once for observation of deep
sedation (S2), partial and total loss of equilibrium (S3a
and S3b), anesthesia (S4), and/or medullary collapse (S5)
(22). The animals remained in the anesthetic bath for
30 min or until reaching S4. Anesthesia was determined
by loss of reflex activity and lack of reaction to strong
external stimuli. After induction of anesthesia, each
fish was measured, weighed, and transferred to an
anesthetic-free aquarium to recover. The fish were
considered to have recovered if their normal posture
and behavior were restored by 30 min. Subsequently, the
animals were transferred to 30-L tanks to evaluate
possible side effects or mortality until 48 h after exposure.
Control experiments were performed using aquaria
containing ethanol at the higher concentration used to
dilute the EO and eugenol (Fluka, Switzerland) at 10 and
50 mg/L. Eugenol was used in this study as positive
control because it corresponds to the only compound
isolated of natural source with anesthetic activity in silver
catfish at low concentrations (5).

Involvement of the GABAergic system

Association with benzodiazepine (BDZ). Sedative
concentrations (10 and 20 mg/L) of globulol (diluted in
1 mL 95% ethanol) were tested along with BDZ (150 uM
diazepam obtained from DEG, in Tween 80 at 0.033%) in
aquaria containing 1 L water in this fourth experiment.
Controls of BDZ and globulol at the same concentrations
were also performed. Eight fish (32.93+0.95 g;
15.23+0.21 cm) were tested individually at each
concentration. The stages of the induction of anesthesia
and recovery time were evaluated as described for the
evaluation of the depressor properties. The maximum
observation times were 30 min for induction and 60 min
for recovery.

Reversion of the depressor effects. Fish (28.34 +1.19 g;
14.60+£0.21 cm) were placed in water containing BDZ
(150 uM diazepam), 20 mg/L globulol, or globulol plus
BDZ, at the same concentration as described in Evaluation
of the depressor properties and Association with
benzodiazepine sections. After induction, animals were
transferred to an anesthetic-free aquarium containing
either the classic BDZ antagonist flumazenil (5 puM,
Flumazil®, Cristélia, Brazil) or water. Fish behavior was
scored 1, 5, 10, 15, and 20 min after the transfer according
to the protocol described by Heldwein et al. (23). After
20 min, scores for each fish (n=5 for each recovery
treatment) were summed.

Statistical analysis

Data are reported as means +SE. The homogeneity
of variances and normality of data were verified with
Levene and Kolmogorov-Smirnov tests, respectively. Log
transformations were performed before statistical analysis
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when appropriate. Comparisons of activity of the leaf and
inflorescence EOs at the same concentration, between
concentrations of the isolated compound and between
recovery treatments in the reversion experiment were
performed with the f-test or the Mann-Whitney test.
Anesthetic effects of EO or eugenol compared with the
isolated compounds were analyzed by one-way ANOVA
and Tukey or Kruskall-Wallis and Dunn tests. Two-way
ANOVA and the Tukey test or Scheirer-Ray-Hare exten-
sion of the Kruskal-Wallis test and the Dunn test were
used to evaluate the association in comparison to globulol
and BDZ alone. Analysis was performed using the
SigmaPlot version 11.0 software, and the minimum
significance level was set at P<<0.05.

Results

Phytochemical analysis

In the extractive yield of H. mutabilis, the EO was
higher from inflorescences (0.28%) than from leaves
(0.25%). Quantitative differences in composition were
detected between the EOs of the different parts of the
plant. Globulol (26.61%) was the major compound of leaf
EO in the two collection periods evaluated, while
inflorescence EO was rich in germacrene D (14.97%;
Table 1). The fractionation of leaf EO resulted in isolation
of two compounds that were identified as 1-terpinen-4-ol
and globulol according to the literature (19,20,24-26).

Evaluation of depressor properties

Silver catfish exposed to leaf and inflorescence EOs
did not show significant differences in the induction time
for deep sedation and anesthesia (Figure 1). However,
only 33% of fish were anesthetized with 344 mg/L
inflorescence EO, whereas all animals reached this stage
with leaf EO. At 172 mg/L, leaf EO promoted S3b
anesthesia in all animals exposed, but only 1 fish (17%)
reached this stage with the inflorescence EO (1578 s).
Ethanol alone did not produce any anesthetic or sedative
effect.

Total recovery was observed in all animals within 2 h.
During the 30 min of observation, about half the fish
exposed to leaf EO and two animals (33%) exposed to
344 mg/L inflorescence EO returned to normal behavior.
Side effects were observed in 30% of the fish exposed to
inflorescence EO during recovery time, and they were
independent of the concentration tested. There were
hyperactivity episodes, where spasms and/or “corkscrew-
like” circling swimming behavior could be observed,
followed by an immobile period and a return to swimming,
with partial loss of equilibrium. Mortality or other side
effects were not observed in either sample 48 h after
exposure.

The induction time to stages of anesthesia was shorter
for fish exposed to 344 mg/L EO than to the isolated
compounds in proportional concentrations. The only

Braz J Med Biol Res 46(9) 2013
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Table 1. Chemical composition of essential oils (EO) of Hyptis mutabilis.
Components Relative percentage RI cal RI ref
IEO LEO 1 LEO 2
a-thujene 4.258 1.649 6.001 925 925°
a-pinene 7.27 1.096 3.713 930 933?
4(10)-thujene 2.027 970 9682
B-pinene 7.906 2.897 1.915 972 9707
1-octen-3-ol 0.774 1.233 1.27 980 9792
Limonene 1.34 1.731 1.636 1025 1029°
t-terpinene 0.385 0.199 0.715 1056 1056°
(+)-1-terpinen-4-ol 0.712 0.395 0.886 1175 11742
o-copaene 2.364 2.647 1.694 1377 13772P
B-bourbonene 0.787 1.492 1.532 1386 13842
B-cubebene 0.875 1.172 0.693 1391 1389°
(-)-p-elemene 0.789 0.552 0.554 1393 13937
E-caryophyllene 12.424 10.839 13.948 1423 14192P
a-caryophyllene 2.434 3.95 2.54 1455 14552
Germacrene D 14.968 6.936 8.697 1484 14852
Bicyclogermacrene 10.895 7.845 9.048 1499 1500°
Germacrene A 0.906 0.874 0.591 1506 1509°
y-cadinene 0.994 1513 15142
Cubebol 1.085 2.06 1517 1515°
(+)-8-cadinene 2.166 1.966 1.188 1525 15232
Spathulenol 1.401 1577 15782P
Germacrene D-4-ol 0.875 1580 1576%P
(-)-globulol 11.604 26.61 24.232 1587 1585
1593 15922P
Viridiflorol 0.664 1.14 0.835 1592 1593
1597 159530
Humulene epoxide I 0.426 1.336 1613 1608°
1-epi-cubenol 0.419 0.837 0.388 1632 1629°
Caryophylla-4(14),8(15)-dien-5q-ol 0.797 0.37 1636 164°
Caryophylla-4(14),8(15)-dien-5p-ol 1.127 0.811 1640 1641°
t-muurolol 1.109 1.434 0.597 1645 16452
(-)-6-cadinol 0.384 0.589 0.396 1649 1648°
a-cadinol 1.359 1.759 0.82 1658 16542
Total identified (%) 95.679 95.882 91.126

LEO: leaf EO collected in March 2010 (1) and March 2012 (2); IEO: inflorescence EO; RI cal: calculated Kovats retention index; RI ref:
reference Kovats retention index. 2NIST (19); °Adams (20). Bold type indicates isolated constituents. Components in amount below

0.5% have been omitted.

exception to this pattern occurred with globulol in stage 3a
(Table 2). The exposure to 1-terpinen-4-ol (3 and 10 mg/
L) was able to promote only deep sedation in the
juveniles, with significant differences between concentra-
tions (Table 2). However, the fish showed signs of
recovery by 30 min of exposure to both concentrations
of 1-terpinen-4-ol. Higher concentrations of 1-terpinen-4-
ol were not evaluated in this study due to the small
quantity obtained from the isolation process and its high
volatility from the anesthetic bath.

Concentrations of 10 and 20 mg/L globulol induced to
stages 2 and 3a, but 190 mg/L anesthetized (stage 4) all
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exposed fish in about 13 min. Intermediate concentrations
(50 and 83 mg/L) promoted stages 3b and 4 in 14-71% of
the fish tested. A positive relationship between an
increase of drug concentration and a decrease in the
time required for anesthesia induction was observed for
all stages (Table 2).

Only fish exposed to 10 mg/L globulol recovered
during the observation period (195.4+25.6 s). For the
other concentrations, the time of recovery exceeded
30 min (data not shown). “C-shaped” contractions and/
or circular swimming followed by a motionless period were
observed in the recovery period after exposure to 20 and

www.bjournal.com.br
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Figure 1. Anesthetic activity of essential oils (EO) of Hyptis
mutabilis obtained from leaf (LEO 1) and inflorescence (IEO) at
concentrations of 172 mg/L (A) and 344 mg/L (B) in silver catfish
juveniles. Stages of anesthesia: deep sedation (stage 2), partial
loss of equilibrium (stage 3a), total loss of equilibrium (stage 3b),
and anesthesia (stage 4) (22). Maximum observation time was
30 min. Time to reach each stage is given in seconds (s). Data
are reported as means = SE (n=6). *P<0.05, compared to LEO
1 (t-test or Mann-Whitney U-test).

50 mg/L globulol. Mortality within 48 h after testing
occurred in animals exposed to 83 and 190 mg/L globulol
(29 and 57%, respectively), as well as loss of mucus
during induction.

Statistically significant differences between 1-terpi-
nen-4-ol and eugenol controls in induction time were not
detected until stage 2 at 10 mg/L. Fish exposed to
globulol (10 and 50 mg/L) needed more time to reach
this stage than those exposed to eugenol or 1-terpinen-4-
ol at equal concentrations (Table 2). Recovery occurred
faster with juveniles exposed to 10 mg/L globulol than
those sedated with eugenol at the same concentration
(411.4+£73.0 s). At 50 mg/L, only animals exposed to
eugenol recovered during the observation time
(508.4+11.4 s).

Involvement of the GABAergic system

A reduction in the time required to reach most of the
stages of anesthesia and a higher depression level were
observed with the association of BDZ and globulol (Figure 2).
Among the fish exposed to 150 M BDZ and to 10 mg/L
globulol, 75 and 25%, respectively, reached stage 3a
during the observation time. However, some fish exposed
to the association reached stage 3b (37.5% with 10 mg/L
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globulol+BDZ, and 75% with 20 mg/L globulol + BDZ) and
stage 4 (50% with 20 mg/L globulol+BDZ, in
1617.5+94.0 s). An irregular recovery pattern was also
observed in this experiment. Only fish exposed to BDZ
presented 100% recovery within 60 min, whereas return to
normal behavior occurred in 43.7-75% of the animals
exposed to globulol or its association with BDZ.

During the reversal of depressive effect, a higher total
score corresponds to faster recovery. Fish exposed to
BDZ had a higher total score when 5 uM flumazenil was
added to the water compared with those fish that
recovered in water alone (Figure 3). The same pattern
occurred when the two agents were combined, but not
with globulol alone.

Discussion

Phytochemical analysis

The EO content extracted from both parts of the plant
was within the range described for EOs obtained from
aerial parts of H. mutabilis collected in different localities
(0.1-2.1%) (9). The same pattern was not verified in
relation to the chemical composition of the EOs from the
leaves and inflorescences (9,13-16,27). Globulol was one
of the major compounds in leaf and inflorescence EOs. It
was also detected in high amounts (11.9%) in the EO
obtained from aerial parts of this species collected in
Retiro das Pedras (State of Amapa, North of Brazil).
However, those samples contained &-3-carene (25.5%)
and terpinolene (24.7%) as additional major components
(9), which characterize them as a chemotype distinct from
those detected in this study.

Evaluation of the depressor properties

The anesthetic activity detected for the EO was not
surprising, since H. mutabilis is used as a sedative in folk
medicine (12). Silver catfish reached the anesthesia stage
around 21-23 min with 344 mg/L EO obtained from leaves
and inflorescences. Other fish anesthetics in similar
concentrations are able to induce anesthesia in less time.
For example, the EO of Lippia alba (300-500 mg/L)
anesthetized silver catfish in 1-4 min (4).

There are only a few reports on the anesthetic and
sedative properties of isolated plant compounds in aquatic
animals, and those only evaluated the effects of eugenol
and menthol (5,6,28,29). In this study, the depressor
effects of 1-terpinen-4-ol and globulol obtained from EO of
H. mutabilis were characterized in silver catfish. These
effects did not correspond to the leaf EOs from which they
were isolated, which suggests a synergic action between
the EO constituents.

The sedative effect of 1-terpinen-4-ol is reported to be
higher or similar to that of eugenol at the same
concentrations in silver catfish (28). However, the use of
1-terpinen-4-ol in place of eugenol is not advisable,
because it was not able to maintain this stage for
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Table 2. Time required for induction of anesthesia in silver catfish juveniles with globulol and 1-terpinen-4-ol, in comparison with EO of
Hyptis mutabilis (LEO 2) and eugenol (positive control).

Compound (mg/L) Induction time (s)

Stage 2 Stage 3a Stage 3b Stage 4

Globulol

10 1331.4 + 124.8*

20 325.3 + 28.0 717.9 + 70.6

50 107.3 + 1.6* 139.3 + 9.1* 1041.5 + 25.5* #

83 447 + 538 116.6 + 19.0% 1056.2 + 63.7° 1247.0 + 95.7°°

190 141 + 2.5 148.0 + 10.6 502.0 + 7.9 779.1 + 55.0°

Equation y = 115.27+6732.71 y = 89.68+4297.40 y = 852.49+5.79x-

exp017%.0.56x (r2=0.999) exp 099684 0.31x (r2=1.0) 0.04x2 (r*=1.0)

1-terpinen-4-ol

3 946.8 + 65.0"°

10 300.9 + 42.8°
LEO 2

344 253 + 3.7¢ 93.0 + 16.6" 566.4 + 66.6° 796.3 + 68.2°
Eugenol

10 165.7 + 19.7 226.0 + 19.1

50 357 + 6.0 60.6 + 2.9 363.7 + 18.6 549.7 + 26.5

Stages are according to Schoettger and Julin (22). Maximum observation time was 30 min. Data are reported as means + SE (n=7).
#Only 1 fish reached this stage of induction (1767s) until 30 min. Different lowercase letters in the columns indicate significant
difference among concentrations of the same compound using the t-test (P<0.05). Different uppercase letters in the columns indicate
significant differences between LEO 2 and isolated compound at proportional concentrations (83 mg/L of globulol and 3 mg/L 1-
terpinen-4-ol) using one-way ANOVA and the Tukey test (P<<0.05). * Statistically different from eugenol at the same concentration by
Kruskall-Wallis and Dunn tests (P<<0.05). In equations, x: concentration of compound (mg/L); y: time to reach the stage of induction or
recovery from anesthesia in seconds (s).

30 min. In this context, globulol at 10 mg/L seems to have
a better pharmacological profile. Despite its induction time
being about 10-fold higher than eugenol, its low concen-
tration effectiveness and fast recovery after exposure are
positive points for its use as a sedative. Low concentra-
tions of anesthetics are used for long exposures during

fish transport, aiming to reduce stress and injury (28,30).

Anesthetic activity of globulol was observed at
concentrations from 83 to 190 mg/L with an induction
time of 13-21 min. A similar concentration range of
menthol (100-200 mg/L) induces anesthesia within
10 min in tambaqui (Colossoma macropomum) and pacu

1200 1800
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1400
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Z 1000
800
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400
200

Figure 2. Time required for induction of anesthe-
sia in silver catfish with globulol in association
with benzodiazepine (BDZ): stage 2 (A), stage 3a
(B) and stage 3b (C) according to Schoettger and
Julin (22), and recovery time (D). Maximum
observation time was 30 min to induction and
60 min to recovery. Time to reach each stage is
given in seconds (s). Data are reported as
means + SE (n=28). *Significantly different com-
pared to BDZ; different uppercase letters indicate
significant differences between globulol and
association (globulol+BDZ) at the same con-
centration; different lowercase letters indicate
significant differences between concentrations
of the same group. Two-way ANOVA and the
Tukey test or Scheirer-Ray-Hare extension of the
Kruskal-Wallis test and the Dunn test were used
(P<0.05). The control group of vehicle treatment
is omitted because it did not produce any stage of
anesthesia.
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Figure 3. Sum of recovery scores for silver catfish exposed to
20 mg/L globulol, 150 uM benzodiazepine (BDZ), and the
association (globulol+BDZ) at the same concentrations. Data
are reported as means+SE (n =5). *P<0.05, compared to
treatment with water (t-test).

(Piaractus mesopotamicus) (6,29). Eugenol requires a
lower concentration and less time to induce this depres-
sion level in silver catfish (20-50 mg/L; 1.6-15 min) and
pacu (25-100 mg/L; 0.8-3.5 min) (5,6).

Loss of mucus during induction and mortality after
exposure were observed at the highest globulol concen-
trations, but these effects are also commonly observed
with some synthetic anesthetics used in aquaculture, such
as benzocaine (1,31-33).

The irregular pattern of anesthetic induction observed
with some anesthetic concentrations or samples can
result from individual differences in fish responsiveness.
The presence of high and low responders within the same
fish family was previously described in relation to cortisol
release (34). However, other studies should be performed
to confirm this hypothesis.

The long recovery time detected for all the drugs
tested could be due to their hydrophobic characteristics.
Kiessling et al. (2) confirmed that isoeugenol, a lipophilic
compound, exhibits slower clearance than the hydrophilic
drug MS-222 in Atlantic salmon (Salmo salar). Slow
clearance may be associated with drug accumulation in
adipose tissue, which in turn would increase the recovery
time after long exposure (2,3).

Involvement of the GABAergic system

The evaluation of a drug’s mechanism of action may
include experiments using synergism and/or reversal of
effect by a pharmacological antagonist (35,36). In this
study, these two strategies were used to assess the
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Abstract

The aim of this study was to evaluate the anestlaetivity of the essential oil (EO) of
Ocimum americanurh. in silver catfish Rhamdia quelénIn the first experiment, the
depressor effects and chemical composition oféa€EO (LEO) and inflorescence EO
(IEO) were compared. The EO were obtained sepgrdtein the distinct vegetal
organs by hydrodistillation and analyzed by gasowmfatograph coupled to mass
spectrometer (GC-MS). Juveniles (n = 10 per comagoh) were placed in aquaria
containing different concentrations of the EO (88, 100, 200, 300 and 500 md)Lto
determine the point at which anesthesia was indaecet the length of the recovery
period. In the following experiment, the effects360 and 500 mgt LEO exposure on
stress parameters (plasma cortisol, glucose andradévels) after air exposure for 1
min were assayed. Fish (n = 10 per sampling timejewsampled immediately or
transferred to anesthetic-free aquaria until samgp{iL5, 30, 60 or 240 min). LEO was
composed mainly b-linalool and 1,8-cineole in similar proportionsheeas IEO
showedp-linalool as major compound. Anesthesia was obthinesilver catfish with
200-500 mg [* between 4-8 min for LEO and 6-16 min for IEO. LowgO
concentrations did not reach anesthetic stage @® tmin. The LEO use as anesthetic
prevented the cortisol increase and sodium losaced by aerial exposure. Glucose
levels were raised in catfish exposed to LEO coexbén basal group (not air exposed)
in almost all observation times. EO @. americanumobtained from leaves was
considered suitable to anesthetic procedures duss tfast induction and handling-
induced stress prevention.

Keywords: anesthesia, cortisol, glucose, sodiursil.ba
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1. Introduction

Anesthetic and sedative drugs are used in aquaeulbuimprove fish welfare,
minimize movement, handling trauma and pain, andattenuate the physiological
response to stress (Neiffer and Stamper, 2009; &@ahl., 2012). Some essential oils
(EO) and their constituents have shown promisirgulte in this context due their
effectiveness, low incidence of side effects antitplbto mitigate stress effects (Benovit
et al., 2012; Cunha et al., 2010a, b; Gresslel.ef@l2a; Heldwein et al., in press;
Silva et al., 2012, 2013a; Wagner et al., 2003esStresponse in fish develops initially
from activation of neuroendocrine pathways, whichonpote the release of
catecholamines and corticosteroids (cortisol). €Hemmones lead to physiological and
behavioral changes that allow response/adaptatidhet stressor, but leads to adverse
whole-animal effects if extreme or sustained (Blisl., 2012; Zahl et al., 2012).

The plants of theOcimum genus (Lamiaceae), collectively called basil, are
considered good sources of essential oils usedatmrf foods, in oral products,
fragrances and traditional medicines (Vieira ant@i, 2006). Recently, the anesthetic
and sedative effects of the EO Otimum gratissimuni. in fish and its potential
application in aquaculture have been reported (Biemod al., 2012; Silva et al., 2012).
One important species of this genus due to its BE@hcontent iOcimum americanum
L. (synonymyO. canumSims), known as hairy basil (Chanwitheesuk et 2005;
Vasconcelos Silva et al., 2003). Preparations nbthirom its aerial parts are widely
used in folk medicine in the treatment of insomaial anxiety (Hassane et al., 2011).
However, until this moment, only the antimicrobehd antioxidant activities were
confirmedin vitro for its EO (Hassane et al., 2011; Nascimento eR@ll1; Selvi et al.,
2012).

Silver catfish Rhamdia quelénis a nocturnal bagrid of the Heptapteridae family
commonly found in South American rivers. It hasrbeensidered a good alternative
for fish production due to its fast growth ratewarmer months (Barcellos et al., 2001,
2012; Gomes et al., 2000). However, this specississeptible to stress resulting from
confinement and handling procedures, such as aptank transference, and air
exposure (Barcellos et al. 2001, 2006; Cunha €2(l0a, b), which makes the use of
anesthetics and sedatives with attenuation of em#secretion advantageous for its
production.

Thus, the aim of this study was to evaluate thesttuetic activity of the EO of

Ocimum americanurh. in silver catfish.In the first moment, the depressor effects and

Abbreviations: EO: essential oil; LEO: leaf EO; |IE@florescence EO
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chemical composition of the leaf EO (LEO) and indlecence EO (IEO) were
compared. Following, the effects of LEO exposurestyress parameters after handling

was assayed.

2. Material and Methods
2.1. Plant material

Aerial parts ofO. americanunwere collected in December 2011 in Encantado
(RS, Brazil). Voucher specimen (no. SMDB 13163iifeed by Dr. Sérgio Augusto de
Loreto Bordignon was deposited in the Herbariumtieg Department of Biology,
UFSM.

2.2.Essential oil extraction and analysis

Leaves and inflorescences were separately hyditatiestt for 3 h in a
Clevenger-type apparatus (European Pharmacopoé@/).2 Extractive yield was
determined as % (w/w). The EOs were stored at #4°@mber glass bottles until
analysis by gas chromatograph coupled to massrepsster (GC-MS) and biological
tests.

GC-MS TIC analysis was performed using an AgileB®® gas chromatograph
coupled with an Agilent 5973 mass selective detegging an HP5-MS column (5%
phenyl, 95% methylsiloxane, 30 m x 0.25 mm i. .25 um) and EI-MS of 70 eV
according to operational conditions described HyaSet al. (2012). The constituents
were identified by comparison of the Kovats ret@mtindex and mass spectra with a
mass spectral library (NIST, 2005) and with literatdata (Adams, 2001).

2.3. Animals

Four month-old juvenile silver catfish were main&d in continuously aerated
250 L (experiment 1) and 95 L (experiment 2) tawkf controlled water parameters at
loading density of 3.5 g'tand 4.5 g [, respectively. The dissolved oxygen levels and
temperature were measured with an YSI oxygen méber pH was determined with pH
meters DMPH-2 and Solar SL110. Total ammonia lewgé&se measured by the
salicylate method (Verdouw et al., 1978). A semtist system was used with
independent tanks, where 50% of the water volume etnged daily. Fish were fed

once a day with commercial feed (28 % crude prdtelnveniles were fasted for a
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period of 24 h prior to the experiments. The methogies of the experiments were
approved by the Ethical and Animal Welfare Comnmaittd the Federal University of
Santa Maria (Process no. 46/2010).

2.4. Experiment 1: Anesthesia induction and recpver

Sedative and anesthetic effects of LEO and IEO weatuated on silver catfish
at concentrations of 25, 50, 100, 200, 300 andrB0L". These concentrations were
corrected by the density of the EO (LEO: 0.9273 Ig'mIEO: 0.8884 g mL) and
diluted in 95% ethanol (1:10) before bath admiaistn. Control experiments were
performed using aquaria containing ethanol at igbeast concentration used to dilute
the EO.

Juveniles of silver catfish (8.09 £ 0.22 g; 9.80.11 cm) were transferredto 1 L
aquaria containing the EO concentration to be desken fish were evaluated in each
concentration, and each juvenile was used only eoagbservation of deep sedation
(S2), partial and total loss of equilibrium (S3al&@8b, respectively) and/or anesthesia
(S4) (adapted from Schoettger and Julin, 1967). ammals remain in anesthetic bath
until reaching S4 or for 30 min. The anesthesia eetermined by loss of reflex activity
and no reaction to strong external stimuli. Aftee induction of anesthesia, each fish
was measured, weighed and transferred to an atiestiee aquarium to recover. The
fish were considered to have recovered if theirmadrposture and behavior were
restored. Following, the animals were transferced@ L tanks to evaluate possible side
effects or mortality after 24 h of exposure.

2.5. Experiment 2: Evaluation of stress parameters

Fish (21.80 £ 1.00 g; 13.18 + 0.19 cm) were subgdb one of the following
treatments: water control, 300 or 500 mig &f LEO. Ten fish were used by treatment
in each collection time (0, 15, 30, 60 or 240 mar)d each animal was used only once.
To prevent cumulative stress of the repeated ceptuhe fish used in each collection
time were maintained in tanks of 96 L for one wdmfore experiment without
additional handling and simultaneously captured.

Experimental protocol consisted in fish capturehw# hand net and their
transference to continuously aerated aquaria auntpionly 1 L of water (water

control) or the samples to be tested. The time éetwcapture and release did not
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exceed 30 seconds. Juveniles stayed in the aquantihreached stage 4 of anesthesia
induction (Schoettger and Julin, 1967) with LEO far 8 minutes in case of the water
control. This time was chosen for the controls beeait corresponds to the highest
induction time observed for the LEO concentratiamghe experiment described in
section 2.4.

After these procedures, the fish were exposed tofai 1 minute. Aerial
exposure is a protocol previously described as #@bleduce stress in silver catfish
(Barcellos et al. 2006; Cunha et al. 2010a, b).aBagoup was carried out with
unmanipulated fish. Animals were sampled immedyateltransferred to anesthetic-free
aquaria containing 50 L of water until samplingo&l was collected (0.1-0.3 mL)
using heparinized capillaries from caudal pedunclafierwards, the fish were
euthanized by severing the spinal cord.

Capillaries were centrifuged (3000-g, 15 minutes) a microhematocrit
centrifuge, and plasma was transferred to 1.5 ngeeg@orf tubes and stored at —25°C
until analysis. Cortisol was measured in unextdictelasma samplesusing
commercially available EIA kits (EIAgenTM Cortisdhdaltis Italy S.p.A), previously
validated for the species (Barcellos et al., 200B)Jucose was analyzed by a
colorimetric test based on the oxidase/peroxidaaetion (Glicose — PP, Gold Analisa
Diagnostica Ltda, Brasil). Plasma Neoncentrations were measured in appropriate
diluted samples against four standard solutionsNafCl using flame photometry
(Micronal B262). All measures were performed in ldzgie.

2.6. Statistical analysis

Data are presented as median and interquartileeré@#—Q3) or mean £ SEM.
To verify the homogeneity of variances and norrgaldll data were submitted to
Levene and Kolmogorov-Smirnov tests, respectivéixtractive yields and water
parameters between experiments were compared Gsirpnt’'s t-test. The results of
time of induction and recovery and stress parammet@re analyzed by Scheirer-Ray-
Hare extension of the Kruskal-Wallis followed by tbunn test or two-way ANOVA
and Tukey test. Minimum significance level wasad® < 0.05.

3. Results
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134 3.1. Essential oil analysis

135 Extractive yields of LEO (0.67 £ 0.02 %) and IEO6® + 0.02 %) did not differ
136 statistically. Qualitative differences in the chealicomposition of the EOs obtained
137 from different parts of the plant were detecteddme minor compounds (0.02-0.51%).
138 In relation to the major compounds, lower conteinp-tinalool was observed in LEO
139 (20.18%) when compared to IEO (46.61%). LEO comtzit,8-cineole, eugenol and
140 camphor in higher proportions than the IEO (Table 1

141

142  3.2. Water parameters

143 Experiments 1 and 2 were performed at similar domts of dissolved oxygen
144 (7.31 +0.22 mg ) and total ammonia levels (0.26 + 0.16 m{).LWater temperature
145 (experiment 1: 18.53 + 0.14 °C; experiment 2: 24:83Y41 °C) and pH (experiment 1:
146 6.33 £ 0.07; experiment 2: 7.00 = 0.09) were diaally different between experiments.
147

148 3.3. Experiment 1: Anesthesia induction and recpver

149 Sedative and anesthetic effects were verifiedsh éxposed to both EOs Of
150 americanum Concentrations of 25-100 mg*Lwere not able to induce anesthesia
151  during 30 min of exposure, whereas both EOs at53Dmg L led to this depression
152 level in all animals exposed (Table 2). A positre&ationship was detected to stages 3b
153 and 4 in both samples, where an increment of EQertnation caused a reduction in
154 the time required for anesthesia induction. LECB (d4n) anesthetized (stage 4) silver
155 catfish in significantly less time than IEO (6-1éninat the same concentration. Ethanol
156 alone did not produce any sedative and anesthiéticte

157 The EO samples tested did not show differenceshénrecovery time. Fish
158 exposed to 25 - 200 mgiof both EOs recovered quickly (within 1-6 min) wotkt
159 significant differences between concentrationsgeatimes of recovery (within 11-14
160 min) were observed to the highest concentratiostede(300 and 500 mg1). No
161 significant relationship was found between EO cotragion and recovery time from
162 anesthesia.

163

164 3.4. Experiment 2: Evaluation of stress parameters

165 In this experiment, anesthesia was reached witha®@500 mg I* of LEO in
166 274.84 + 5.79 s (4.5 min) and 197.26 + 9.63 s (B)nmespectively. Lower cortisol
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levels were verified in fish exposed to 300 and &0 L' of LEO in comparison to
control group up to 15 min after handling. Animalsesthetized previously with LEO
did not change their cortisol concentrations duthmgevaluation time, and were able to
maintain similar values to those of basal groupe $ame did not occur with fish of the
control group, which showed a rise of cortisol & thin followed by a decrease to
levels below the basal group at 240 min (Fig. 1A).

Blood glucose levels increased in all experimegtalups in relation to basal
group for almost all observation times. Glycemidyarturned to baseline levels at 240
min for the control group and 300 mg' lof LEO. There were no differences in the
blood glucose contents between LEO and control ggowas well as during the
evaluation time to animals of the control grouperposed to 500 mgtof LEO (Fig.
1B).

Significant decrease in plasma™Navels occurred in the control group 30 min
after handling compared to basal group and prevaservation times. At this time,
fish anesthetized with LEO showed similar plasma’ Nevels to basal group.
Differences in the ionic concentration were onlyified between LEO concentrations
immediately after handling (data statistic not shpwnd during the observation time
for fish exposed to 300 mg'LLEO (Fig.1C).

4. Discussion

Intermediary extractive yield was detected to EAs( americanumin
comparison to previous reports (Hassane et al.1;204wrence, 1989; Nascimento et
al., 2011; Ngassoum et al., 2004; Vasconcelos Sitval., 2003; Vieira and Simon,
2006). The similar oil content between parts of pent found in the present study
corresponded to different profile from that desedlby Vasconcelos Silva et al. (2003),
where leaves and inflorescences supplied, respdgtiz. 1% and 0.3% of EO.

The chemical composition of the EOs ©f americanumwere distinct from
those reported for the same species growing iniBrakere onlyE-methyl cinnamate
and methylchavicol chemotypes were detected (Nasdimet al., 2011; Vasconcelos
Silva et al., 2003; Vieira and Simon, 2006). Fumhere, the presence of similar
contents of 1,8-cineole arfidlinalool in the LEO composition also did not petriis
classification in any other chemotype reportechis plant. Lawrence (1989) described

that theB-linalool-chemotype ofO. canumcontained 43.9-69.3% of this compound,
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0.1-11.4% of eugenol, 0.2-7.1% of 1,8-cineole aadd-0.5% of camphor. On the other
hand, oils rich in 1,8-cineole (18-34%) showed asimon pattern low amounts f
linalool (0.4-0.9%) and absence of eugenol in tlekiemical profiles (Hassane et al.,
2011; Ngassoum et al.,, 2004). Thus, the presemnly stietected a distinct chemical
profile for the EOs 0©. americanum

The differences in the anesthetic effect of the BO®. americanuncan be
related to their distinct chemical compositionsthis context, the high contents @f
linalool and eugenol in the LEO, the most activengl®, must be highlighted. The
results suggest that both compounds, which had #mesthetic effect in the same fish
species recently reported (Cunha et al., 2010ag#=h et al., in press), may act in
synergistic form. Regarding to the other constitsgonly 1,8-cineole had its anesthetic
activity evaluated, and did not show any depreastion up to 17 mg t for the same
fish species (Heldwein, 2011).

In relation to induction time, other eugenol®tinalool-rich oils promoted fast
anesthesia (about 4 min) at lower concentratioas thEO. Concentrations range of
100-150 mg [* of EO of O. gratissimum an eugenol-rich sample, are required to
anesthetize silver catfish and Brazilian floundear@lichthys orbignyangygBenovit et
al., 2012; Silva et al., 2012). For EO bippia alba with high B-linalool content,
anesthesia was obtained in silver catfish at 300thin comparable period (Cunha et
al., 2010b).

Synthetic compounds, such as MS-222 and propofuod, also the natural
substance eugenol are able to induce quicker argatht lower concentrations than the
EOs of O. americanumfor same fish species (Cunha et al., 2010a; Gresdl al.,
2012b). On the other hangklinalool and EOs obtained fro@cotea acutifoliaLippia
sidoides Aloysia triphylla or Hyptis mutabilisrequired higher induction times and/or
concentrations to promote fast anesthesia (Heldweial., in press; Gressler et al.,
2012a; Silva et al., 2013a, b). Similar concertratind anesthetic induction time from
LEO was only described to EO bfesperozygis ringens silver catfish (Silva et al.,
2013a).

A clear relationship between concentration of E@sOQo americanumand
recovery time was not observed in silver catfistjolv seems to be similar to that
described to other EOs (Cunha et al., 2010b; Stval., 2012; 2013a). However, fish

exposed to 300 mgLof EOs ofO. americanunhad an intermediary recovery time
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(about 12 min) when compared to those anesthetizte same concentration of EO of
L. alba (about 6 min) and EO d@. gratissimum(about 20 min) (Cunha et al., 2010b;
Silva et al.,, 2012). These differences between tnmay be resultant of distinct
accumulation levels in the fish tissues, and otsieidies should be performed to
evaluate this question.

The cortisol level has been considered the maincator of the hormonal
response in face to stressors (Ellis et al., 2012)this context, the experimental
protocol used was considered adequate to indudeesssevent. The cortisol peak in
control group occurred at the same time course \aitld similar magnitude to that
described to juveniles of silver catfish after gergion with a pen net for 1 min
(Barcellos et al., 2012). The previous exposureE® was able to prevent the cortisol
rise due to handling. Preventive effect was alsafigd in silver catfish anesthetized
with EO ofL. albaand eugenol after 1 and 4 h of the aerial exposurg min (Cunha
et al., 2010 a,b).

Gressler et al. (2012a) detected increases indhesal levels of silver catfish
immediately after anesthesia with 150 mg af MS-222 using a protocol without
application of additional stressor. Similar pattess not verified to both concentrations
of LEO after stress event, which can be considargdsitive point to its use.

Secondary effects of stress can be evaluated franges in glycemic and ionic
levels (Ellis et al., 2012). Silver catfish expogedLEO showed hyperglycemia after
handling, which was not accompanied by ionoregwathhanges. The maintenance of
the plasma Nalevels in LEO groups corroborates with its effestcortisol levels. This
hormone acts increasing Ni*-ATPase density in gill membranes, which favors the
ion loss (Dang et al., 2000).

Effect on plasma glucose levels, but not in cofttemtents, was also detected in
anesthesia of rainbow trou©gcorhynchus mykisswith clove oil, an eugenol rich
sample (Wagner et al., 2003). According to the asththis phenomenon occurs due to
fish perception to anesthetic presence. It promcaéisecolamine release, which induces
liver glycogenolysis increasing, thus, the plasiu@ase levels.

The hyperglycemic effect detected to LEO seemsetdrénsient mainly at the
lowest concentration tested. Toni et al. (2013) alerified glucose increase and
baseline levels return only with the lowest conamin of EO ofH. ringenstested

(150 pL LY) under the same experimental protocol. Oppositeepawas reported to
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linalool-rich EO ofL. albain the same study, since it did not induce glyeeamianges

after exposure (Toni et al., 2013).

5. Conclusion
The EOs ofO. americanumdemonstrated sedative and anesthetic effects in

silver catfish between 25-50 mg'land 200-500 mg t, respectively. The compounds
B-linalool and 1,8-cineole were detected in simg@oportions in the LEO, together
with great amounts of eugenol and camphor. LEOesponded to the most active
sample, which was considered suitable to the aeestiprocedures due to its fast
induction and handling-induced stress preventioaweéler, other studies should be
performed to evaluate its bioaccumulation in fisesues aiming its approval as

anesthetic prior to slaughter.
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Chemical composition of the essential oils @€Eimum americanunobtained from

leaves (LEO) and inflorescences (IEO).

Rt (min)  Constituent LEO (%) IEO (%) RIcal RI ref
9.23 tricyclene 0.02 0.02 919.8 920
9.51 a-thujene 0.04 0.02 926.7 925
9.72 a-pinene 1.03 0.55 931.8 933
10.28 camphene 0.76 0.54 945.1 Y46
11.37 sabinene 0.88 0.25 971.6 Y75
11.44 B-pinene 1.53 0.58 973.2 976
11.78 1-octen-3-ol 0.06 0.03 981.5 $80
12.19 B-myrcene 1.29 0.34 991.3 992
12.61 a-phellandrene 0.08 0.07 1001.5 1008
13.13 a-terpinene 0.12 0.08 1014.3 1017
13.46 o-cymene 0.02 1022.5 1022
13.83 1,8-cineole 21.00 8.43 1031.4 1031
14.13 Z-B-ocimene 0.03 0.03 1038.8 1038
14.31 benzene acetaldehyde 0.02 0.02 1043.1  '1045
14.53 E-B-ocimene 0.29 0.39 1048.5 1056
14.88 T-terpinene 0.26 0.16 1057.2 1056
15.22 bicyclo[3.1.0]hexan-2-ol, 0.34 0.12 1065.5 1065

2-methyl-5-(1-

methylethyl)-, (Ir,2a,50)-
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15.53 1-octanol 0.17 1073.1 1070
16.04 fenchone 1.41 3.59 1085.7  1b87
16.84 B-linalool 20.18 46.61 1105.3 1181
17.22 exo-fenchol 0.11 1115.2 1115
17.46 bicyclo[3.1.0]hexan-2-ol, 0.05 0.08 1121.2 1121
2-methyl-5-(1-
methylethyl)-, (r,23,50)-

17.66 a-campholenal 0.05 1126.3 1127
18.38 camphor 11.96 9.50 1144.8 1144
18.45 Z-B-terpineol 0.09 0.08 1146.5 1144
19.13 isoborneol 0.08 0.11 1164.0 1162
19.21 8-terpineol 0.49 0.20 1165.9 1166
19.59 1-terpinen-4-ol 0.74 0.41 1175.7 1477
20.16 a-terpineol 3.12 1.79 1190.4 1190
20.35 myrtenol 0.06 1195.2 1796
21.00 acetic acid, octyl ester 0.17 1212.6 1210
21.24 fenchyl acetate 0.07 1219.0 1223
22.57 chavicol 0.09 1255.2 1250
23.67 bornyl acetate 0.21 0.28 1285.2 1284
25.11 myrtenyl acetate 0.10 0.03 1325.7 1327
25.49 d-elemene 0.04 1336.8 1338
25.91 a-cubebene 0.05 1349.1 1351
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26.38 eugenol 17.17 3.22 1362.5 1364
26.84 a-copaene 0.24 0.21 1375.8 1376
27.14 B-bourbonene 0.28 0.45 1384.6 1384
27.40 B-elemene 0.60 2.08 1391.8 1391
28.30 B-caryophyllene 1.46 3.27 1418.9 1418
28.62 B-copaene 0.08 0.10 14285 1482
28.85 o-bergamotene 2.06 1435.7 1436
28.94 a-guaiene 0.11 0.88 1438.3 1439
29.19 Z-muurola-3,5-diene 0.14 0.19 14459 1450
29.42 a-caryophyllene 0.46 1.18 1452.9 1482
29.54 B-farnesene 0.08 1456.3 1456
29.74 Z-muurola-4(14), 5-diene 0.35 1462.6 1467
30.35 germacrene D 3.49 4.76 1481.2 1480
30.51 valencene 0.18 1485.8 1485
30.83 T-elemene 0.53 0.96 1495.6 1492
31.10 germacrene A 0.51 1504.2 1509
31.14 3-guaiene 1.72 1505.3 1505
31.39 t-cadinene 0.97 1.06 1513.6 1513
31.68 d-cadinene 0.21 1523.0 1523
32.92 E-nerolidol 0.12 1563.7 1584
33.53 caryophyllene oxide 0.14 1583.8 1583
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34.50 1,10-di-epi-cubenol 0.49 0.47 1616.0 1619
35.29 t-cadinol 3.36 3.09 1643.1 1642
35.55 B-eudesmol 0.12 0.26 1652.0 1651
35.67 a-cadinol 0.22 0.28 1656.0 1657
Total identified (%) 99.16 99.83

404 Rt: Retention time; (%): Relative percentage; Ri calculated retention index; RI ref:
405 reference retention index.NIST (2005);> Adams (2001). Bold type indicates major

406 components.
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407 Table 2
408 Time required for induction and recovery from ahesta using the EO @cimum americanurabtained from leaves (LEO) and inflorescences
409 (IEO) in juvenile silver catfish. Stages are defireccording to Schoettger and Julin (1967). Maximabservation time was 30 min. Time to

410 reach each stage is given in seconds (s). n=1€afdr concentration tested.

Sample Concentration Induction time (s) Time to recovery
(mg L (s)
Stage 2 Stage 3a Stage 3b Stage 4
LEO 25 392 (367-430) 100 (43-110)
50 146 (120-157) 229 (195-266) 290 (230-344f
100 66 (56-87Y° 88 (77-96 1120 (824.7-1529.2) 290 (265-3%2)
200 15 (9-19f° 63 (46-68)° 349.5 (323-394) 501.5 (472-584)* 401 (322-448)
300 7 (6-11% 22.5 (17-26Y 160.5 (116-194) 362 (316-431)* 730 (600-900)
500 5 (4-5) 10 (9-179 68 (63-90) 240 (179-308)* 813 (622-952)
Equation - - y = 45.061+7992.389 Iny= -
exp(- 1.311+26.188/In(x)

0.5(In(x/9.089)/1.209) (" = 0.999)
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(* = 0.999)
IEO 25 157 (123-188) 100 (58-116)
50 117 (100-133) 246 (194-287) 81 (61-123)
100 77 (25-128%° 127 (91-142 773 (710-810) 392 (324-44%)
200 49 (19-56%° 70 (65-79) 448 (410-515) 970 (696-1050) 395 (325-562)
300 10.5 (8-19¥ 41 (37-54Y° 249 (230-270) 487 (468-492) 705 (619-1794)
500 5 (4-109 25 (24-30) 142 (110-160) 413 (325-420) 891 (679-989)
Equation - - y =82.436 + 697.608 y=2462.8 - -
exp (- 10.281x + 0.012%

0.5(In(x/84.545)/0.778) = 1)

(r* = 0.999)

Data are presented as the median and interquaatige (Q1—-Q3). Different letters in the columnsicatk significant difference between
concentrations of the same sample, while * repttssggnificant difference between samples at timeeseoncentration based on Scheirer-Ray-
Hare extension of the Kruskal-Wallis followed by thunn test® < 0.05). In the equations, X= concentration oégsal oil (mg LY); y = time

to reach the stage of induction or recovery fromstimesia in seconds (S).
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Figure captions

Fig. 1. Effects of the essential oil @cimum americanur(LEO) on cortisol (A), glucose (B)
and N& (C) levels of silver catfish after handling.

Data are presented as the mean + SEM. Lowercaseslendicate significant differences
between times after handling within same experialegroup, # represents statistical
differences in comparison to water control at thme time after handling, and * corresponds
to differences in relation to basal level. ScheRawy-Hare extension of the Kruskal-Wallis
test followed by the Dunn test or two-way ANOVA ahdkey test were used (P < 0.05).
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Highlights

Anesthetic effect of the essential oil@f americanumwas verified inRR. quelen
Deep anesthesia was obtained at concentratior30e5@0 mg L[*.

Different induction time until anesthesia was viedfbetween plant organs.

The most effective anesthetic was leaf EO compbgdgilinalool and 1,8-cineole.

LEO prevented the cortisol increase and sodiumitaisced by handling.
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Abstract

Linalool is the main compound of many essentiad.dil occurs in two isomeric forms: tise
(+)- andR-(-)-linalool. The aim of this study was to detenmiif linalool isomers can show
differences on antimicrobial and anesthetic properin fish. For this purpose, these
compounds were previously isolated from the esskewiis of Lippia alba and Ocimum
americanum Antimicrobial effects were evaluated through tmécrodilution test against
Aeromonas hydrophilaan important etiologic agent of fish disease.ubtwbn time until
sedation and anesthesia and recovery time werendagl in silver catfishRhamdia quelen
through bath exposure (60, 180, 300 or 5QOL™Y). The results showed different biological
properties for the isomers. OrBy(+)-linalool was active againgt. hydrophilaat 3.2 mg mL

! Sedation was induced without differences betwtencompounds, where&s(-)-linalool
promoted anesthesia in less time. There are nerdiftes in recovery time of animals
exposed to linalool isomers. Thus, the use of3f{e)- andR-(-)-linalool in A. hydrophila
infection is inadvisable due their high effectivancentration, while for sedative purposes any
one can be used. When anesthesia is the main iobjettteR-(-)-linalool demonstrated clear

advantages at lower concentration.
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Introduction

World agquaculture production in 2010 obtained 7Biomi tons, worth US$125 billion.

In this context, a strong and continuous growth basn observedn South America,
particularly in Brazil where the fish productioncireased 13.2% between 2010-2011 (MPA
2011; FAO 2012). However, it is worth to note tlsaime key production factors such as
disease susceptibility, growth, food conversioncefhcy, flesh quality and reproduction can
be affected negatively by stressful agents. Exasnpfestressor factors in this sense are the
poor water quality, handling practices, inappragridusbandry conditions and pathogen
occurrences (Ellis, Yildiz, Lopez-Olmeda, Spedicakort, Overli & Martins 2012; Segner,
Sundh, Buchmann, Douxfils, Sundell, Mathieu, Rudnkfelt, Toften & Vaughan 2012).

Aeromonas hydrophilas an important etiologic agent responsible fobstantial
economic losses in fish culture. This Gram-negabaeteria induces a hemorrhagic and
ulcerative disease, which causes high mortality eatd also increase susceptibility to other
diseases (Boijink & Brandao, 2001; Andrade, Andrd8iecker & Baldisserotto 2006). The
treatment involves antimicrobial drugs such as m@mghenicol and oxytetracycline, which
are able to remain as residues in animal produncts@promote environmental contamination
(Andrade et al. 2006). Furthermore, the antibiotic use has coretldb emergence of
resistance strains to available drugs (Andratleal. 2006; Barcellos, Kreutz, Rodrigues,
Santos, Motta, Ritter, Bedin & Silva 2008).

In a similar way, anesthetic and sedative drugseHasen used during aquaculture
practices, such as transport, biometry and reptamycto reduce fish movement and to
promote welfare through stress prevention. In otdeavoid residual effects of synthetic
drugs, many natural agents, such as essentiglEflls) ofLippia alba Ocimum gratissimum
Hesperozygis ringenand Aloysia triphylla were proposed in the last years as effective
anesthetics in replacement to synthetic compour@eesEler, Riffel, Parodi, Saccol,
Koakoski, Costa, Pavanato, Heinzmann, Caron, Schmlielsuy, Barcellos & Baldisserotto
2012; Silva, Silva, Garlet, Cunha, Mallmann, Baéi®tto, Longhi, Pereira & Heinzmann
2013a; Silva, Parodi, Reckziegel, Garcia, BurgesldBserotto, Malmann, Pereira &
Heinzmann 2012a; Toni, Becker, Simdes, PinheinvaSHeinzmann & Baldisserotto 2013).
Although natural products can be a source of naygslwith less risk to consumers’ health
and environmental implications, few studies havenbeonducted until this moment with

isolated compounds from plants in aquatic anim&sinpa, Zeppenfeld, Garcia, Loro,
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Fonseca, Emanuelli, Veeck, Copatti & Baldisser@@10; Silva, Garlet, Benovit, Dolci,
Mallmann, Blrger, Baldisserotto, Longhi & Heinzma0i3b; Heldwein, Silva, Gai, Roman,
Parodi, Burger, Baldisserotto, Flores, & Heinzmanpress).

Pharmacological assessment of chiral compoundsitzetm select the isomer with
higher potential for specific activity and fewedsieffects incidence (Sousa, Nobrega, Santos
& Almeida 2010). In this sense, antimicrobial ametsthetic agents are classical examples of
drugs whose chirality has demonstrated great inflaein their biological properties (see
reviews of Hutt & O’Grady 1996; Mitra & Chopra 201However, until this moment, there
are no studies involving chirality of drugs in té@ to aquaculture applications.

Linalool is a terpene alcohol present in the esakenil of many plant species. It
occurs naturally in two isomeric forms, also calledantiomers. Enantiomers are optical
active asymmetrical non-overlapping isomers, wrach the mirror image of each other. In
the linalool case, they differ according to theralily of carbon 3: the levorotatory form
called R-(-)-linalool or licareol, and the dextrorotatoryomer known as 3(+)-linalool or
coriandrol. These enantiomers have demonstrateférehit industrial applications and
biological effectsn vivo (Sugawara, Hara, Tamura, Fujii, Nakamura, Masugmsoki 1998;
Siani, Tappin, Ramos, Mazzei, Ramos, Aquino Netd~&ghetto 2002; Hoferl, Krist &
Buchbauer 2006; Sous al. 2010). Recently, the anesthetic and sedative teffeicS(+)-
linalool isolated from essential oil dfippia albawas described in silver catfisRifamdia
guelen (Heldweinet al. in press). However, no mention was maddrif)-linalool in this
study.

Thus, the aim of this work was to determineSif+)- and R-(-)-linalool can show
differences in antimicrobial activityn vitro againstA. hydrophila and fish anesthetic
properties. For this purpose, these compounds iselated from essential oils bfppia alba
and Ocimum americanunrespectively, and had their antimicrobial andstimetic activities

compared.

Material and Methods

Obtention and analysis ofS-(+)- and R-(-)-linalool

Plant material and essential oil extraction
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Inflorescences of th®. americanunwere collected in December 2011 in Encantado-
RS, Brazil, whereas leaves bf alba were collected in January 2012 in UFSM-CESNORS
Campus, Frederico Westphalen-RS, Brazil. The speuwiere identified by Dr. Sérgio
Augusto de Loreto Bordignon and Dr. Gilberto Ddlejanetti, respectively. Voucher
specimens (n° SMDB 10050 for albg n°® SMDB 13163 foD. americanumwere deposited
in the herbarium of the Department of Biology, UFSM

The EOs of0. americanunandL. albawere obtained from the fresh plant material by
hydrodistillation process with a Clevenger type appus for 3 and 2 hours, respectively
(European Pharmacopeia 2007). The samples weredstar -4°C until the isolation

procedure.

Isolation and analysis

S(+)-linalool ([0]p?° = + 1.911 (c 5.808, CHE)) was obtained from chromatography
column (CC) procedure of the EO &f alba according to Heldweiret al. (in press).
Previously to isolation process from the EOGfamericanumthe linalool chirality of this
sample was evaluated. The analysis was carried bytpeak enrichment in gas
chromatography (GC) with capillary column coatedhwheptakis-(6-O-methyl-2,3-di-O-
pentyl)f-cyclodextrin (25 m x 0.25 mm x 0.2 um) using a &ar3800 gas chromatography
equipped with a flame ionization detector (FID).dAygen was used as carrier gas, and 35 °C
for 20 min, 35-180 °C at 1 °C milnwas chosen as temperature program. Four
chromatographic runs, aiming to analyze the racemiture (mixture of both enantiomers),
racemic mixture plus-(+)-linalool, EO, EO plus racemic mixture were foemed.

The EO ofO. americanun(3.07 g) was submitted to a CC (4 x 50 cm) 00 gof
silica-gel 60 (Merck, 70-230 mesh). The compoundseweluted with a mixture of hexane:
ethyl ether (95:5 v/v), at BiL min. Fractions(40 mL) were monitored byLC (silica gel
F254, hexane:ethyl ether 95:5 v/v, detection: dateteyde-HSO,), pooled according to their
chromatographic profiles in 11 main fractions anent concentrated under reduced pressure,
at 40°C. Fraction 10 (1.1 g) was rechromatografye@C (1.8 x 61 cm) using 116 g of silica
gel 60 impregnated with 10% silver nitrate (Williar& Mander 2001) and hexane:acetone
(95:5 v/v) at 1.75 mL min. Fractions of 40 mL were collected and pooled tiogeto give
seven main fractions (A-G), where fraction F waseniified asR-(-)-Linalool ([o]p® = -
15.728 ¢ 0.1208, CHG)).

The samples were identified by comparison of th@&{® retention index and mass
spectra with a mass spectral library (NIST, 200%) with literature data (Adams 2001). GC-
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MS was performed using an Agilent-6890 gas chrografth coupled with an Agilent 5973
mass selective detector according to operationadliions described by Silvet al. (2012a).

Optical rotations were confirmed on a Perkin EII348 polarimeter.

Antimicrobial effects

Antimicrobial activity ofS-(+)- andR-(-)-linalool was assayed by broth microdilution
method as established by VETO01-A4 (CLSI, 2013)Hacteria isolated from animals. The
microorganisms tested included four strainsdAefomonas hydrophilaone standard (ATCC
7966) and three fish clinical isolates (SB/09 10, 13/09 5, 22/07pbtained by the
Laboratory of Bacteriology (LABAC), Department ofe¥érinary Preventive Medicine,
UFSM. The characterization of the clinical isolateas carried out by morphological and
biochemical features, according to Quinn, Carteairkdy & Carter (1994).

Bacterial strains were grown 24 h at 30°C in Muellinton agar (Himedi&
Laboratories). The inoculum for the assays wasgyegpby diluting cell mass in 0.9% NaCl
solution, adjusted to McFarland scale 0.5 (1 ¥ IOFU mLY) and confirmed by
spectrophotometrical reading at 670 nm. Cell suspes were finally diluted in Mueller
Hinton broth to 1 x 10CFU mL™.

Samples were solubilized in ethanol 95% and setilaitions were performed in
culture medium to obtain concentrations of 3.2 8685 mg mL*. After inoculum (10uL)
addition to the wells, the plates were incubate@0a®C for 24h. All tests were performed in
triplicate, including positives and negatives cofgtr(inoculum and medium). Antimicrobial
activity was detected by adding g0 of 1% triphenyl tetrazolium chloride aqueous s$ioln.

The minimum inhibitory concentration (MIC) was defd as the lowest concentration
of the sample that prevented visible growth. Minmbactericidal concentration (MBC) was

defined as the lowest concentration yielding negasubcultures.

Anesthesia and recovery

Animals

Juvenile silver catfish (4.64 £ 0.15 g; 7.85 = OcIf) obtained from a local fish farm
were transported to the laboratory, where they wesentained in continuously aerated 250-
liter tanks with controlled water parameters foeameek before the experiments. Dissolved

oxygen levels (7.91 + 0.21 mg').and temperature (18.48 + 0.20 °C) were measuitdan
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YSI oxygen meter. The pH (7.67 + 0.05) was deteeatimvith pH meter DMPH-2. Total
ammonia levels (0.44 + 0.19 mg'L.were measured by the salicylate method (Verddtam,
Echteld & Dekkers 1978). A semi-static system wssdy where 50% of the water volume
was changed daily. Fish were fed once a day withngercial feed (28 % crude protein).
Juveniles were fasted for a period of 24 h prioth® experiments. The methodologies of the
experiments were approved by the Ethical and AniWalfare Committee of the Federal

University of Santa Maria (Process no. 46/2010).

Experimental protocol

Sedative and anesthetic effectsSf+)- and R-(-)-linalool were evaluated on silver
catfish at concentrations of 60, 180, 300 or HOOL™. These concentrations were chosen
from previous study performed wit(+)-isomer (Heldweiret al. in press). Juveniles were
transferred to 1L aquaria containing the conceioimato be tested, previously diluted in
ethanol 95% (1:10). Nine fish were evaluated inhea@ncentration, and each juvenile was
used only once to observe deep sedation (staged)esthesia (stage 4) (Schoettger & Julin
1967). The animals remained in anesthetic bath tmtreach stage 4 or for 30 min. The
anesthesia was determined by loss of reflex agtand no reaction to strong external stimuli.
After the induction of anesthesia, each fish wassueed, weighed and transferred to an
anesthetic-free aquarium to recover. The fish wamesidered to have recovered if their
normal posture and behavior were restored. Follgwihe animals were transferred to 30 L
tanks to evaluate possible side effects or moytafter 24 h of exposure.

Statistical analysis

Data are presented as mean + SEM. To verify theolgemeity of variances and
normality, all data were submitted to Levene andnkamorov-Smirnov tests, respectively.
Log transformation was performed before two-way AMOand Tukey test to analyze the
time of induction until stage 4. Scheirer-Ray-Hawtension of the Kruskal-Wallis test and
Dunn test were used to evaluate the induction timé stage 2 and recovery. Analyses were
performed using the software SigmaPlot ver. 11n@, the minimum significance level was
set at P < 0.05.

Results
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Chiral GC analysis of the racemic mixture enrichveith S-(+)-linalool (Fig. 1A)
allowed the identification of the second peak asesponding to this isomer, since its area
decreased when racemic mixture alone was evaldstd not show). EO dd. americanum
showed only one peak in this region of the chrogyam (Fig. 1C) with similar retention
time of theR-(-)-isomer in chiral chromatography. TRe(-)-isomer presence was confirmed
by the co-injection of this sample and racemic omgt(Fig. 1B).

Antibacterial effectsin vitro were only verified to thes(+)-isomer. This sample
showed bactericidal activity #&. hydrophilaATCC 7966 and clinical isolate 22/07 at 3.2 mg
mL™, but it did not act against clinical isolate/09 10 and 13/09 5. No activity was detected
to theR-(-)-form in vitro.

Similar induction time until stage 2 was verifigdgilver catfish exposed ®(+)- and
R-(-)-linalool (Fig. 2A). Statistical differences ithis stage were only detected among
concentrations of the same sam@¢+)-linalool at 60 and 180 pL tsedated the animals in
about 25 s, whereas higher concentrations induoedame depressor level in less of 10 s.
For R-(-)-isomer, a concentration increase from 60 t6 18 L™ promoted a reduction in the
induction time. Fish exposed to 180 pL kedated in similar time than those exposed at 300
and 500 pL [* of the same sample.

At concentration range of 180-500 pL[Lin generalR-(-)-linalool promoted faster
anesthesia in comparison t8-(+)-isomer. The only exception to this pattern was
concentration of 300 pLt, where stage 4 was achieved w&l+)-isomer (5 min) in less
time thanR-(-)-isomer (6 min) (Fig. 2B). For both samples,iaarease of the concentration
promoted a reduction in the induction time untigs 4 (Table 1).

In relation to recovery time, there were no diffexes between the isomers (Fig. 2C).
However, an increase in linalool concentration ve@sompanied by additional rise in

recovery time, which occurred independent of the@a evaluated (Table 1).

Discussion

Antimicrobial activity reported to linalool is caladictory. Some authors described
great spectrum of action for this compound (DormdaDeans 2000; Sonboli, Babakhani &
Mehrabian 2006), while others detected antimicrodsivity for only one strain (Simionatto,
Porto, Stiiker, Dalcol & Silva 2007; Ozek, Tabar@amirci, Wedge & Baser 2010). These
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discrepancies between studies could be a consegjudnthe use of different techniques,
growth medium, inoculum concentration and suscéypyibof the microorganisms tested
(Cos, Vlietinck, Berghe & Maes 2006). However, asstrworks did not report the chirality of
the compound used, the influence of this paramettre different reported activities cannot
be discarded.

In this study, the linalool chirality was able tofluence the antheromonas
hydrophilaactivity, beingS-(+)-isomer the only active compound. Ozskal. (2010) detected
similar growth inhibition for both compounds at @8 against a distinct microorganism,
namedBotrytis cinerea,using the microdilution broth assay. Other GrarsHpe bacterial
and fungal strains tested in the same work wereimtabited until 0.2 mg mt by both
enantiomers. However, studies performed with otte@penes also indicated the higher
antimicrobial effect of dextrorotatory isomers. Aggal, Khanuja, Ahmad, Kumar, Gupta &
Kuma (2002) demonstrated that (R)-(+)-limonene @R@(+)-carvone are the most potent
isomers against bacteria and dermatophytic fungi.other work, only dextrorotatory
enantiomers ofo- and B-pinene were active againgandida albicans Cryptococcus
neoformansRhizopus oryzaand methicillin-resistanStaphylococcus aurey$ilva, Lopes,
Azevedo, Costa, Alviano & Alviano 2012b).

Regarding to antheromonasactivity, previous reports conduced with racemic
mixture and linalool of no specified chirality alserified antibacterial effects against this
strain (Dorman & Deans 2000; Klein, Ruben & Upm&@i3). Bactericidal property of this
compound againgk. hydrophilaof dairy origin was verified at lower concentraiso(0.72 mg
mL™) (Klein et al. 2013) than detected in this study. Similar bacigal concentrations were
reported recently to eugenol against the same ABE&in and two fish clinical isolates
(Sutili, Kreutz, Noro, Gressler, Heinzmann, VardaBaldisserotto in press).

The sedative and anesthetic properties of3#€)-linalool were similar to described
in previous report (Heldweiet al.in press). However, as other concentrations wested for
this compound, our results permit to propose thecentration of 50QL L™ as the ideal to
promote fast anesthesia (less of 4 min). The sa@opition can also be stated regardiag
(-)-linalool.

Distinct central nervous system effects were dbedrito linalool enantiomers in the
literature. The sedative effect in humans and antialsant activity in rodents seems to be
higher inR-(-)-linalool thanS-(+)-isomer (Sugawarat al. 1998; Souseat al. 2010). Thus, the
absence of isomers differences in relation to sewand recovery time were unexpected



280
281
282
283
284
285
286
287
288
289
290
2901
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312

76

results, while the higher anesthetic effectRo{-)-form is in accordance with the results
detected in other species.

The biological differences between isomers haven beated to distinct interactions
with molecular targets. Macromolecules of biologisgstems, e.g. proteins, glycolipids and
polynucleotides, are formed by chiral building tde®f L-amino acids and D-carbohydrates.
As these molecules are involved in the pharmactkirmad pharmacodynamic processes of
the drugs, the stereoselectivity for one enantioocaer often be observed (Hutt & O'Grady
1996; Mitra & Chopra 2011).

In conclusionS-(+)- andR-(-)-linalool showed different biological properieThe use
of both isomers as antimicrobial agaiAsthydrophilais inadvisable due their high effective
concentration, but for sedative purposes any omebeaused. When anesthesia is the main
objective, theR-(-)-linalool demonstrated clear advantages at fogoacentration. However,
other studies should be conducted to evaluateegeldifferences also occur in physiological

and biochemical parameters after anesthesia otiseda
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424  Figure legends

425

426 Figure 1 Chiral chromatograms of the racemic mixture &h()-linalool (A), racemic
427 mixture and EO 00. americanun{B) and EO of0. americanun{C).

428

429 Figure 2 Time required for induction to anesthesia in sileatfish withS(+)- and R-(-)-
430 linalool: stage 2 (A), stage 4 (B) according to &sitger & Julin (1967), and recovery time
431 (C). Maximum observation time was 30 min. Timedach each stage is given in seconds (s).
432 * indicate significant differences between both pls at the same concentration; different
433 lowercase letters correspond to significant diffiees between concentrations of the same
434 sample. Two-way ANOVA and Tukey test or ScheiresHREare extension of the Kruskal—
435 Wallis test and Dunn test were used (P < 0.05).

436
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Table 1 Relationship between the time required to reaehsthges of induction and recovery
from anesthesia and the concentration ofRHe)- andS-(+)-linalool in silver catfish. Where
x=concentration of essential ojil{ L™); y=time to reach the stage of induction or recgve
from anesthesia (Schoettger & Julin 1967) in sesdajl

Sample Stage 4 Recovery
S(+)-linalool 1/y=0.0091-0.1 y=363.9-2.2x+0.02106x0.000026%
(?=0.999) (r*=1)
R-(-)-linalool y=257.7+1.6x-0.00378x 1/y=0.00381-0.0001287x

(r*=1) (?=0.999)




5 DISCUSSAO GERAL

A presenca, rendimento e composicdo quimica desoOkssenciais podem ser
influenciados por fatores genéticos, fisiolégicoanebientais. Dentre os fatores fisioldgicos
temos o estagio de desenvolvimento, idade e orggetal, tipo de estrutura secretora, reacéo
a ocorréncia de injarias mecanicas ou quimicaszensdéidade. Em relacdo as condicdes
ambientais devem ser consideradas: temperatupmrdislidade hidrica, nutrientes, poluigéo,
estacdo do ano, intensidade de radiag&o solatwealtomo influenciadoras do metabolismo
secundario em espécies vegetais (GOBBO-NETO, LOR®ESY; FIGUEIREDO et al.,
2008).

Possiveis reflexos da influéncia destes fatoreanfoobservados neste trabalho.
Composi¢cbes quimicas distintas daquelas reportaglddgeratura foram verificadas para os
Oleos essenciais de. americanunme H. mutabilis (LUZ et al., 1984; LAWRENCE, 1989;
BARBOSA, RAMOS, 1992; VELASCO-NEGUERUELA et al., 9% SANDA et al., 1998;
BAILAC et al.,, 1999; AGUIAR et al.,, 2003; VASCONCELS SILVA et al., 2003;
NGASSOUM et al., 2004; OLIVA et al., 2006; DAMBOLENet al., 2009; HASSANE et
al., 2011). Além disso, variacdes quantitativascoaposicdo dos Oleos destas espécies
também ocorreram entre os diferentes O0rgdos vegetastas diferem daquelas descritas
previamente (VASCONCELOS SILVA et al., 2003; NGASJ® et al., 2004).

Todos os 6leos essenciais avaliados apresentanadnadé anestésica e sedativa em
juvenis de jundia. VariacOes nestes efeitos e maepica ou ndo de reacdes adversas foram
observadas com a modificacdo do 6rgdo vegetataditi para obtencédo do Oleo essencial de
O. americanum e H. mutabilis Alteracdo da atividade bioldégica (antioxidante e
antimicrobiana) de acordo com a parte do vegeil@dada foi verificada previamente para os
Oleos essenciais deucalyptus oleosaluniperus phoenicea Myrtus communivar. italica
(ENNAJAR et al., 2010; WANNES et al., 2010; MARZOWss al., 2011). Estes resultados
demonstram que a determinacdo da composicdo quini@mitantemente a atividade de
um extrato vegetal é um fator extremamente releyaanto na caracterizacdo de seus efeitos
quanto para fins de controle de qualidade do fittioanento eventualmente gerado a partir
do material vegetal em estudo.

Dentre as amostras de 0leos essenciais testadaslasmcpbtidas a partir d@.

gratissimume O. americanumforam as que se mostraram mais efetivas e segoras
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anestésicos em jundias. Suas atividades possiviEdreejam resultantes de seus constituintes
majoritarios, linalol e eugenol, que correspondesubstancias de reconhecidas atividades
depressoras centrais em animais aquaticos (CUNHa&..e2010a; HELDWEIN et al., no
prelo). Desta forma, estes 6leos nao foram ini@abe submetidos ao processo de isolamento
de seus constituintes, mas sim avaliados quantetrasoparametros, como mecanismo de
acdo, no caso do 6leo @e gratissimume efeitos fisiolégicos quando aplicados em siieac
estressantes para o animal, no caso de 6l€b dmericanum.

J& para o 6leo essencial ldemutabilisfoi detectada situag&o distinta tanto no que se
refere a efetividade e incidéncia de efeitos ad#rguanto a auséncia de prévia descricdo de
atividade central de seus constituintes. Em viriidso, 0 mesmo foi submetido ao processo
de fracionamento para obtencao de compostos ilgde neste caso corresponderam ao (-)-
globulol e (+)-1-terpinen-4-ol.

O sesquiterpendide globulol, independentementeudeasividade Optica, pode ser
obtido também por isolamento a partir das espéaigglica sylvestrisEucalyptus globulus
Hyptidendron canun{sinonimia:Hyptis cand (VINOKUROVA et al., 1999; TAN et al.,
2008; LEMES, FERRI, LOPES, 2011), bem como poresmtquimica e microbiolégica
(MARSHALL, RUTH, 1974; GIJSEN et al., 1992; STODULK/A et al., 2008). Para esta
substancia, Tan e colaboradores (2008) verificamtividade antimicrobiana frente a
fitopatdgenos com valores desi@ntre 21,4 - 53,4 pg/mL. Além disso, patentesabagido
a sua utilizagdo como aditivo alimentar em racamahpara alivio, cura ou prevencao de
doengas causadas pGfostridium sp. e como agente capaz de regular o sistemaswervo
autbnomo promovendo, assim, acdes sedativas esiresse também foram registradas (EP 1
170 005 B1, 2009; US 0173986 A1, 2010).

Para o 1-terpinen-4-ol, constituinte minoritario deo essencial dél. mutabilis
inUmeras atividades bioldgicas foram comprovadaa paus isdmeros opticos e/ou mistura
racémica. Dentre elas merecem destaque a supredsad@roducdo de mediadores
inflamatorios por mondcitos, a inibicdo do crescimede células de melanoma humano
(sensiveis e resistentes a adriamicina), bem cmnacées antimicrobiana, hipotensora e
anticonvulsivante. Este fitoconstituinte pode sketidm em maiores propor¢cdes a partir dos
Oleos essenciais ddpinia zerumbet Melaleuca alternifolia(HART et al., 2000LAHLOU
et al.,, 2002; CALCABRINI et al., 2004; LOUGHLIN ai., 2008; SOUSA et al., 2009). A
atividade anestésica do 6leo Ne alternifolia foi detectada em carpa comum (HAJEK,
2011). Contudo, esta ndo foi relacionada a acaatisadde seu composto majoritario 1-
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terpinen-4-ol em animais aquaticos, o que confiontarater inédito dos dados apresentados
neste estudo.

A literatura relata uma distinta atividade depressoentral para os diferentes
enantidmeros do linalol tanto em seres humanostguam roedores (SUGAWARA et al.,
1998; SOUSA et al., 2010). Adicionalmente a este, fapenas &-(+)-linalol havia sido
avaliado em jundias quanto a seu carater anestesedativo (HELDWEIN et al., no prelo).
Estas consideragdes tornaram, por conseguintetesnmdeacdo da quiralidade do linalol
presente no 6leo d@. americanunum parametro relevante a ser avaliado dentro dtexto
deste trabalho.

Segundo Ravid e colaboradores (1997), algumas iespée Ocimum podem ser
diferenciadas pela presenca de determinado isddweimalol em seu 6leo essencial. Estes
autores verificaram que no 6leo @e canunproveniente da Tailandia com 0,6% de linalol, a
forma predominante € &(+)-isbmero (RAVID et al., 1997). Estes resultadostrastam com
o verificado neste estudo onde foi detectada apengsesenca ddr-(-)-linalol. Estas
discrepancias entre trabalhos podem ser resultalatesxpressdo de diferentes genes em
consequéncia de distintos fatores fisiolégicos diantais ao qual a espécie foi submetida
(GOBBO-NETO, LOPES, 2007; FIGUEIREDO et al.,, 2008pntudo, maiores estudos
devem ser conduzidos para confirmar esta hipétese.

Em relacdo aos Oleos essenciais propostos comotésices neste trabalho,
significativas diferencas nas atividades farmadokix)das amostras foram verificadas. Em
concentracdes entre 300-500 mig b 6leo essencial d@. gratissimunpromoveu anestesia
em até 1 min, enquanto que os 6leoOdexmericanune H. mutabilisnecessitaram de um
periodo de exposicao entre 4-8 min e 21-23 mirpeds/amente, para induzir o mesmo
efeito depressoDesta forma, o 6leo d@. gratissimunpode ser considerado o mais potente
em funcéo do tempo de inducdo a anestesia em fuddi#ire os 6leos em estudo, bem como
em comparacao ao Oleo essencidl dalba(CUNHA et al., 2010b).

A maior atividade anestésica e auséncia de efadusrsos (perda de muco) do 6leo
essencial das folhas d€ mutabilisem comparacéo ao (-)-globulol, assim como as ampla
margens terapéuticas verificadas para os 6leoa@asedeO. gratissimurme O. americanum
em relacdo ao eugenol (CUNHA et al., 2010a), permits considerar que a utilizacdo desses
Oleos essenciais como anestésicos para peixesafesntagens em relacdo ao uso dos
constituintes isolados até agora avaliados.

Uma das vantagens mais importantes abordadasenatuita para os fitoterapicos é

exatamente o maior indice terapéutico destas @efpes, em comparacao com as substancias



88

isoladas. Um aspecto adicional a ser consideradofa#o de que alguns constituintes do
fitocomplexo poderem influenciar positivamenteigidhde do mesmo, através da melhora na
sua estabilidade ou da solubilidade (HANSEL, STI®JIE007). Por este motivo, a
ANVISA, agéncia governamental responsavel peladit@ dos medicamentos no pais, tem
exigéncias menos severas para o registro de ajutes, do que no caso de substancias
isoladas de plantas (fitofarmacos), que recebenesnm tratamento dos farmacos de origem
sintética (BRASIL, 2004). Adicionalmente, o Minigté da Agricultura e Pecuéria e o
Ministério da Pesca permitem o uso de compostograiatndo toxicos em sistemas de
aquicultura organica sem necessidade de estuddegitadabilidade no ambiente (BRASIL,
2011), o que facilita de forma consideravel a ap¢de de novos produtos nesta area.

Além disso, os efeitos anestésicos e sedativosaiostituintes individuais descritos
na literatura (CUNHA et al., 2010a; HELDWEIN et,alo prelo) ou avaliados neste estudo
nao explicam completamente a acdo dos Oleos eagenwstados. Por exemplo, a
concentracdo considerada como ideal pra anestesiadleo das folhas d®. americanum
(500 mg L) apresenta em torno de 100 mg He R-(-)-linalol, o que corresponde &
concentracdo inferior aquela determinada expera@ente como capaz de induzir efeito
anestésico em jundias (180-500 L™ ou 162-450 mg 1). Em virtude de todos estes
aspectos, os resultados obtidos neste trabalhoresnggque a interacdo entre diferentes
fitoconstituintes possivelmente influenciou a atade final dos 6leos essenciais, bem como a
sua seguranca farmacoldgica.

Isto vem de encontro ao descrito por Galindo, Puler Costa (2010) em relagdo aos
constituintes majoritarios do 6leo essencial @e gratissimum(eugenol, 1,8-cineol &-
cariofileno). Estes autores verificaram que estestituintes isoladamente ou em associacao,
nao alteraram os episoddios convulsivos em modetperinentais com roedores quando
avaliados em concentracdes proporcionais as etestero 6leo. Além disso, somente a
associacao foi capaz de aumentar o tempo de dudacdono, o que demonstra que o efeito
desta espécie vegetal deve-se a interacdo sinémgit@ fitocompostos (GALINDO,
PULTRINI, COSTA, 2010).

Harris (2002), em sua revisdo sobre sinergismo ldesdessenciais, descreveu
inumeros exemplos onde pode ser observado o mégmdda comportamento. Segundo este
autor, a interacdo pode ser resultante tanto dep@stms majoritarios e minoritarios, quanto
entre os majoritarios (HARRIS, 2002). Os efeitosérjicos ocorrem devido acdo dos
fitocomponentes em diferentes sitios ou receptdresy como pela melhor solubilidade,

absorcéo e biodisponibilidade apresentada por estemistura. Além disso, a interacao
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sinérgica poderia também explicar a eliminacdo eutralizacdo de efeitos adversos de
constituintes isolados (WAGNER, ULRICH-MERZENIC,@) quando esses fazem parte de
um fitocomplexo, o que mais uma vez esta de acwodoo verificado neste estudo.

Em relacdo ao tempo de recuperacao, os jundidsedigln® a anestesia com os 6leos
essenciais d®. americanunrecuperam-se mais rapidamente do que aqueles expast
outras amostras de 6leos testadas em concentrsEigiiEges. Adicionalmente, os 6leos desta
espécie vegetal promovem um menor tempo de reatfmerque o observado em jundias
expostos adr-(-)-linalol em similares concentragdes, o que destra mais uma vez o efeito
da interacdo dos constituintes presentes na amms#teito bioldgico observado.

Por outro lado, para os 0leos essenciaibl.deutabilise seu constituinte isolado, (-)-
globulol, os tempos de recuperacdo em alguns clmsam superiores a 30 min. Essas
diferencas observadas entre as amostras testadas)@er decorrentes das suas diferentes
lipossolubilidades e comportamentos farmacocingtigédguns estudos tém demonstrado que
anestésicos mais lipofilicos, como eugenol e iseeolg apresentam um prolongado tempo de
meia-vida plasméatica e uma lenta depuracdo emgeixe virtude da sua bioacumulagéo nos
tecidos (GUENETTE et al., 2007; KIESSLING et aD02; MEINERTZ, SCHREIER, 2009;
ZAHL, SAMUELSEN, KIESSLING, 2012). Desta forma, edbs adicionais devem ser
conduzidos para avaliar a possivel acumulacéo uatidestes agentes anestésicos, a fim de
determinar um periodo de depuracgao prévio ao aleadmimais expostos aos mesmaos.

A avaliacdo do mecanismo de agdo de anestésicedativds em animais aquaticos
tem sido conduzida em poucos estudos, sendo quelosodomportamentais com esta
finalidade sdo bem escassos (POWER, FUENTES, HABR]2010; HELDWEIN et al.,
2012). Power, Fuentes e Harrison (2010) descreveratiizacdo de ruténio vermelho para
avaliacdo do envolvimento deeceptor vanildéide 1 (TRPV1) na ac¢do do Oleo decrem
Xiphosphorus maculatu®osteriomente, Heldwein e colaboradores (201@)gmézaram um
modelo experimental para avaliacdo da participalgisitio benzodiazepinico do complexo
receptor GABAérgico no mecanismo de acad.dalba Este protocolo experimental foi o
mesmo utilizado para o 6leo essencial@egratissimume o globulol neste trabalho. O
mesmo permitiu a verificagdo de um mecanismo simatade benzodiazepinicos para o 6leo
de O. gratissimum inclusive no que se refere ao desenvolvimento tolerancia
farmacoldgica.

Para o eugenol, constituinte majoritario do élexeasial deD. gratissimuminimeros
estudos de mecanismo de acdo ja foram realizadtsntlo comprovar suas propriedades

anestésicas e analgésich®. entanto, os relatos da literatura sobre a dgdeugenol como
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anestésico local s&o controversos. Ghelardini, ditale Mazzanti (2001) ndo verificaram
efeitosin vivo no teste do reflexo conjuntival de coelhmevitro na reducéo das contracdes
da preparacdo nervo frénico-diafragma de ratouassqustificassem a agédo anestésica local
deste composto. Estudos posteriores, entretantoorttraram que o eugenol é capaz de
promover a inibicdo da corrente de canais dé Widtagem dependentes de uma forma
concentracdo-dependente em neurdnios ganglionaresizidorsal de ratos. Este composto
ndo alterou a voltagem de ativacdo do canal, pgm&moveu o deslocamento da curva de
inativacdo do estado de equilibrio para a direggerpolarizada e reduziu a corrente dé Na
méaxima do canal. O efeito inibitorio sobre a coteetie Na ocorreu através da interacéo do
composto com 0s canais inativados e em repousdp e 0 mesmo tornou mais lenta a
recuperacao da inativacdo (CHO et al., 20@88cionalmente, o eugenol demonstrioubir

os receptores NMDA e potencializar os receptore8&A(CHO et al., 2008), o que viria a
explicar sua acao depressora central.

Segundo Cho et al. (2008), o mecanismo da analgesiaovida pelo eugenol vai
desde uma acao antiinflamatoria, por inibicdo dbbxigenase e lipoxigenase, até a interacéo
com neurotransmissores envolvidos na sensagao de Edgerimentosin vivo tém
demonstrado que eugenol apresenta propriedadesocingptivas comparaveis a da
capsaicina e que seu efeito é revertido pelo ptértrento com capsazepina, um antagonista
competitivo do receptor TRPV1. A dessensibilizagéstes receptores, gerada pela interacao
com a capsaicina, tem sido descrita como o mecananalgesia produzida por esta
substancig CALIXTO et al., 2005; CHO et al., 2008Ds efeitos analgésicos do eugenol
também tém sido relacionados a inibicdo de caraisattio ativados por alta voltagem, em
neurénios aferentes dentais sensiveis e insensivaigsaicina (LEE et al., 2005).

Em relagdo ao composto 1-terpinen-4-ol, isoladdentabalho a partir do dleo de
mutabilis a literatura relata a potencializagdo da acdoGBA em seus receptores
(AOSHIMA et al., 2001) e a atividade inibitoria $ela butirilcolinesterasa vitro (BONESI
et al., 2010) como possiveis mecanismos de acde safistema nervoso central. Ja para o
(-)-globulol, nenhum estudo sobre a avaliacdo depsssivel mecanismo de acao tinha sido
reportado até o momento. (+)-Viridiflorol, um isGmedeste composto, foi descrito como
fraco agonista do sitio benzodiazepinico do rece@wBAérgico (JAGER et al., 2007), o
que nos levou a supor uma possivel interacao eglgbulol com este receptor. Contudo, 0s
resultados encontrados ndo confirmaram esta hipétesitros sitios deste receptor ou outros
receptores ainda podem ser investigados.
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A determinacdo do envolvimento do sistema gabagngec mecanismo de acao do
Oleo essencial d®. americanunméo foi realizada em virtude do mecanismo de agaseds
constituintes majoritarios (eugenol e linalol) gt sido explorado em outros trabalh@HQO
et al., 2008;HELDWEIN et al., no prelo). Adicionalmente, sua gqwsicdo quimica €
intermediaria aquela descrita para os oOleok.ddba (rico em linalol) €O. gratissimun{rico
em eugenol), para os quais ja tinha sido comprowadavolvimento GABAérgico em seu
mecanismo de acdo (HELDWEIN et al., 2012).

Em relagdo a avaliagdo do estresse, resultadosadddtios foram reportados na
literatura no que se refere ao carater estresseradestésicos e suas influéncias sobre o
manuseio de peixes, uma vez que diferentes espeiasimais podem apresentam distintas
respostas frente a um mesmo agente (DERIGGI €204l; ROSS, ROSS, 2008; CUNHA et
al., 2010a,b; ZAHL et al., 2010). Um aumento dzeghia foi observado na anestesia com
Oleo de cravo ensparus auratd BRESSLER, RON, 2004) e com mentol €@reochromis
niloticus (SIMOES, GOMES, 2009). No que se refere aos nisaisgguineos de cortisol,
aumentos foram descritos mesmo com a utilizaca@etede cravo erSparus auratacomo
anestésico (BRESSLER, RON, 2004) e de eugendPiemephales promelasomo sedativo
(PALIC et al., 2006). J& estudo realizado por Deriggilabmradores (2006) verificou que a
anestesia com eugenol ndo reduziu ou promoveu adfeito adicional nos niveis de cortisol
e ions plasmaticos e@reochromis niloticugpds 0 manuseio.

Efeito preventivo no aumento dos niveis plasméatidescortisol foi observado em
Salmo salarcom concentracBes iguais ou superiores a 20 fhgdéd 6leo de cravo e
isoeugenol. Por outro lado, estes anestésicos ddracam, também nesta espécie, aumentos
significativos na concentracéo plasmatica de lacatdo promoveram alteracdes detectaveis
na glicemia dos animais (IVERSEN et al., 2003). Emlurus punctatusanestesiado com
6leo de cravo (100 mg) a concentracdo de cortisol permaneceu dentrmiless basais
durante os 30 minutos de exposicdo ao anestésMALlS 2003). Por outro lado, Park e
colaboradores (2009) verificaram que 0s niveis npEgos de cortisol e glicose de
Oplegnathus fasciatusnestesiados com 100 mg te 6leo de cravo somente retornaram aos
niveis pré-exposicao anestésica apos dois dias.

Estes estudos reforcam o discutido com relacadeamessencial d®. americanum
no que se refere a ser vantajosa sua aplicacdo anasiesico previamente ao manuseio de
jundias. Neste contexto, ainda devem ser realizadtres estudos com esta mesma amostra
no que se refere a sua exposicao durante proceisnesm longo tempo de exposi¢do, como

o transporte. O mesmo pode ser dito com relacadleam essencial d®. gratissimumao



(-)-globulol e aos enantibmeros de linalol.
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6 CONCLUSOES

* O 6leo essencial d®. gratissimumL. rico em eugenol pode ser empregado como
sedativo (10-20 mg 1) e anestésico (30-300 mg')Lpara jundids. Seu mecanismo de acéo
anestésico envolve a interacdo com o sitio benzeginico do complexo receptor
GABAEérgico e seu uso € capaz de induzir toleradeitorma similar ao diazepam.

* A utilizacdo do 0leo essencial das folhas Hie mutabilis (Rich.) Brig. com alto
contetdo de globulol apresenta vantagens em cogdmar@o 6leo das inflorescéncias da
mesma especie vegetal, rico em germacreno D, @udgido seu efeito anestésico superior e
auséncia de efeitos adversos.

* Os compostos (-)-globulol e (+)-1-terpinen-4-obléslos a partir do 6leo essencial das
folhas deH. mutabilis apresentam efeitos depressores inferiores aogoigodo testados em
concentracdes equivalentes aquelas encontradassrman

« O (-)-globulol deve ser empregado apenas comoigedan jundias (10-20 mg1),
uma vez que concentraces anestésicas (83-190 Mginduzem perda de muco e
mortalidade nos animais expostos. Adicionalmenggdacao mediada por este composto nao
envolve a interacdo com o sitio benzodiazepinicoasaplexo receptor GABAErgico.

« O (+)-1-terpinen-4-ol promove apenas sedacdo endijanentre 3-10 mg L
Contudo, o seu emprego com este proposito ndcoénestdado devido a esta substancia nédo
ser capaz de manter seu efeito durante o periodrpiesicao.

* Os Oleos essenciais obtidos a partir de folhadleréscéncias d©. americanuni.
apresentam distintos constituintes majoritario8-¢lneol, linalol e eugenol nas folhas; linalol
nas inflorescéncias) e tempos de inducdo a anesesjundias entre 200-500 m{.INeste
sentido, as folhas correspondem ao 6rgédo vegetasawha para obtencdo de 6leo essencial
para utilizacdo como anestésico.

* O uso do dleo essencial das folhasDdemericanuntomo anestésico previamente ao
manuseio € capaz de prevenir a liberacao de dogtseus efeitos fisiologicos em jundias.

* O Oleo essencial d®. americanumapresentd-(-)-linalol em sua composicéo. Esta
substancia demonstra um similar efeito sedativqu6D™) e superior propriedade anestésica
(180-500uL L™) em jundias em comparacéo ao seu isémero dextérimt, obtido partir do

Oleo delippia alba
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ANEXOS

Anexo A - ESPECTROS DE RMN DO (+)-1-TERPINEN-4-OL
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Figura 4 - Espectro de RMN'®C do (+)-1-terpinen-4-ol (100 MHz, CDC}).
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Anexo B - ESPECTROS DE RMN DO (-)-GLOBULOL
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Figura 10 - Espectro de RMN"C do (-)-globulol (100 MHz, CDC}).
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