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RESUMO

Dissertacao de Mestrado
Programa de P6s-Graduacdo em Farmacologia
Universidade Federal de Santa Maria, RS, Brasil.

COMPOSICAO E ATIVIDADE SEDATIVA E ANESTESICA DO OLE O
ESSENCIAL DE Aloysia gratissma (GILLIES & HOOK.) TRONCOSO
(VERBENACEAE) EM JUNDIAS ( Rhamdia quelen).

Autora: Simone Cristina Benovit
Orientadora: Berta Maria Heinzmann
Data e Local da Defesa: Santa Maria, 23 de fevedsr2012.

Este trabalho foi desenvolvido visando isolar osgostos ativos responsaveis pela
atividade anestésica detectada para o 6leo eskdadipysia gratissimgOEA) em jundias
(Rhamdia quelen A atividade da acetilcolinesterase (AChE) solnfuéncia do OEA
também foi investigada. Jundias foram submetidbardio de anestesia com OEA (90, 300,
450 ou 900 mg B), suas fracdes e compostos isolados, a fim dendie@ o tempo de
inducdo e recuperacdo anestésica. Eugenol (50 tépLutilizado como controle positivo.
OEA foi eficaz como anestésico nas concentracée806ea 900 mg . No entanto, os
jundias apresentaram contragdes musculares in@iastdurante a indugéo e recuperagéo.
Atividade da AChE néao foi alterada pelo OEA. O ibaamento bio-guiado do OEA forneceu
E-(-)-pinocafona, (-)-6xido de cariofileno, (-)-gohie (+)-espatulenol, os quais foram
identificados por espectrometria de massas (EMf **C-RMN. E-(-)-pinocafona causou os
mesmos efeitos adversos observados para o OEQx{dp de cariofileno, (-)-guaiol e (+)-
espatulenol apresentaram apenas efeitos sedatiwosoecentracées proporcionais as dos
constituintes no OEA. (-)-Oxido de cariofileno taéni foi sedativo em maior concentracio
(40 mg L) que a presente no OEA, enquanto (+)-espatulesbR(mg L) promoveu
anestesia profunda, sem efeitos adversos. OEA aqoes propriedades anestésicas, no
entanto, deve ser utilizado com cuidado em jundésgdo aos efeitos adversos observados.
Uma maior concentracdo de (+)-espatulenol, e mepantidade ou auséncia d@e(-)-
pinocafona poderiam contribuir para melhorar aiddide do OE deA. gratissima (+)-
Espatulenol apresentou potente atividade sedatianestésica em jundias, e pode ser
considerado um composto anestésico promissor.

Palavras-chave: anestesia,E-(-)-pinocanfona, (-)-Oxido de cariofileno, (-)-gok (+)-
espatulenol.
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COMPOSITION, SEDATIVE AND ANESTHETIC ACTIVITY OF TH E
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This work was designed to isolate the active compeuesponsible for the central
activity detected for the essential oil Aloysia gratissimgEOA) in silver catfish Rhamdia
quelen. The AChE (acetylcholiesterase) activity undee tinfluence of EOA was also
investigated. Silver catfish were submitted to #mesia bath with EOA (90, 300, 450 or 900
mg L), their fractions and isolated compounds to deitertime of anesthetic induction and
recovery. Eugenol (50 mg') was used as positive control. EOA was effectivamesthetic
at concentrations of 300 to 900 mg. lHowever, silver catfish presented involuntary oleis
contractions during induction and recovery. AChlvay was not inhibited by EOA. The
bio-guided fractionation of EOA furnishdgt(-)-pinocamphone, (-)-caryophyllene oxide, (-)-
guaiol and (+)-spathulenol, which were identifieg rhass spectrometry (MSH- and**C-
NMR. E-(-)-pinocamphone caused the same side effectsnaabeto the EOA. (-)-
Caryophyllene oxide, (-)-guaiol and (+)-spathulergliowed only sedative effects at
concentrations proportional to those of the comstits in EOA. (-)-Caryophyllene oxide was
also sedative in higher concentration (40 nig than present in EOA while (+)-spathulenol
(51.2 mg LY promoted deep anesthesia without side effectsA BBowed anesthetic
properties, however, should be used with cautiasiluer catfish due to observed side effects.
A higher concentration of (+)-spathulenol, and lowar absent amounts OE-(-)-
pinocamphone could contribute to improve the atiaf the EO ofA. gratissima (+)-
Spathulenol showed potent sedative and anesthdifigtias in silver catfish, and could be
considered as a promising anesthetic compound.

Keywords: anesthesia, E-(-)-pinocamphone, (-)-caryophyllene oxide, (-)-gla (+)-
spathulenol.
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1 APRESENTACAO

Esta dissertacdo é apresentada da seguinte fol¥RADUCAO, OBJETIVO
GERAL, OBJETIVOS ESPECIFICOS, REVISAO BIBLIOGRAFIGCARESULTADOS,
CONCLUSOES E REFERENCIAS BIBLIOGRAFICAS.

Os resultados que fazem parte desta dissertacdamésentados sob a forma de
MANUSCRITO, este estd formatado conforme o peridditentifico BioMed Research
International, ao qual foi submetido. As se¢cfesedais e Métodos, Resultados, Discussao e
Referéncias Bibliograficas sdo encontradas no mrdpanuscrito e representam na integra
este estudo.

As REFERENCIAS BIBLIOGRAFICAS referem-se as citagfas quais aparecem
nos itens INTRODUGAO, MANUSCRITO e REVISAO BIBLIOGEICA desta

dissertacao.
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2 INTRODUCAO

Os produtos naturais constituem uma infinidade denpostos com diferentes
caracteristicas e agfes bioldgicas e, dessa f@ooem ser a base para a obtencdo de novas
moléculas ativas, potencialmente Gteis na clinicaat® mesmo servir de prototipos para a
producdo de substancias sintéticas (BALUNAS e KINOERN, 2005). Alguns compostos
naturais ainda possuem ampla aplicacdo na meditioderna, entre estes podem ser
destacados a morfina e o paclitaxel (CECHINEL FILEI®UNES, 1998).

Para avaliacdo farmacoldgica de espécies vegeétaigjito importante a selecao da
planta, a qual pode ser feita tendo como baseliaagéio desta na medicina tradicional, ou
seja, partindo dos conhecimentos etnofarmacolég@asos critérios que podem ser levados
em consideracdo séo as informacgdes botanico-taxoadnguimiotaxonémicas e ecoldgicas
(CECHINEL FILHO e YUNES, 1998; PATWARDHAN, 2005; BAINAS e KINGHORN,
2005).

No Brasil, € crescente o emprego de plantas mexcgem comprovacao cientifica de
suas propriedades farmacoldgicas, baseando-sesapeninformacdes de comerciantes, 0s
quais ndo tém formacao suficiente para dar ori@otaganto a utilizacdo correta. Assim, é
comum a ocorréncia de efeitos adversos com aagéiz de espécies medicinais, bem como a
interacdo com outros farmacos. Dessa forma, é swetiuita atencdo com plantas que
contenham substancias agressivas, a fim de evitssiyeis intoxicacbes (VEIGA et al.,
2005).

Entre os diferentes metabdlitos secundarios presesth algumas espécies vegetais,
encontram-se 0s Oleos essenciais, geralmente foempdr uma complexa mistura de
compostos de baixo peso molecular e volateis, t&iaada por um odor intenso. Em relagéo
a composicdo quimica, a maioria dos Oleos essen@aiconstituida por derivados
fenilpropandides ou terpendides. Estes 6leos osl g@mpostos isolados sdo muito utilizados
na industria de alimentos, cosmeética, perfumariar@materapia; adicionalmente, podem
apresentar diferentes atividades biologicas (BAKKaLal., 2008).

Entre as diferentes propriedades ja descritas pP&ras essenciais podem ser
destacadas atividade anticancer, sedativa, an#iotéd antimicrobiana, antiinflamatoria,
analgésica, anestésica local, espasmolitica, m#petle insetos, entre outras (BAKKALI et
al., 2008; ADORJAN e BUCHBAUER, 2010; DOBETSBERGEBUCHBAUER, 2011).
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Além de avaliar a potencial atividade farmacolégioa toxicidade dos 6leos
essenciais, estudos relacionados ao isolament@rdadveis substancias ativas ou toxicas
também sdo de grande importancia, uma vez que, ca@lacionar os efeitos com
determinadas substancias, torna-se possivel andet&do de padroes de qualidade e
seguranca para utilizacdo destes compostos volddeisrapéutica (MECKES; CALZADA,
1996; HOLD et al., 2000; LIAPI et al., 2007; DARadt, 2011).

Por outro lado, existem estudos demonstrando dracimnamento ou isolamento dos
constituintes pode resultar em diminuicdo ou atémeeperda da atividade, o que indica uma
potencial relacdo de sinergismo entre as subs&(GALINDO et al., 2000SAVELEV et
al., 2004). O sinergismo pode ocorrer devido a sdosgmecanismos de acao apresentados
pelas diferentes substancias presentes em Olea@ncesds, chamado de sinergismo
farmacodinamico, ou também quando um constituinterfere com a atividade do outro
melhorando sua absorgéo, distribuicdo, biotransdQém ou eliminacdo, representando o
sinergismo farmacocinético (HARRIS, 2002; SPINEL280?2).

A espécieAloysia gratissimaGillies & Hook) Troncoso, pertencente a familasd
Verbenaceae, conhecida popularmente como ervarsgatapa, entre outros (SOUZA e
WIEST, 2007), € empregada na medicina popular dexidiversas propriedades, entre estas
pode ser destacada sua utilizagdo como sedativAENI@WSKI et al., 2006). Entre as
diferentes atividades bioldgicas publicadas pdexida espécie vegetal, pode ser enfatizada a
atividade antidepressiva do seu extrato aquoso amumdongos (ZENI et al., 2011),
demonstrando a sua potencial atividade sobre ensishervoso central. Na literatura, até o
momento, ndo existem trabalhos publicados sobrdividaale anestésica dessa espécie
vegetal. Neste trabalho foi utilizada a esp&igamdia quelenjundia, como animal de
experimentacdo. Esta espécie apresenta distribwdgdmum no sul do Brasil, é aceita
comercialmente e muito apreciada nesta regido (CAINA07). Estudos demonstram que 0s
Oleos essenciais déppia alba(CUNHA et al., 2010a) &cimum gratissimur(SILVA et al.,
2012), bem como o eugenol (CUNHA et al., 2010bjesgntaram atividade anestésica para
esta espécie de peixe.

O isolamento dos constituintes de gratissimae a avaliagdo do seu potencial
anestésico em peixes podem contribuir para obtetre@mmpostos biologicamente ativos de
interesse para a piscicultura, bem como para aéelicene farmacéutica.
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3 OBJETIVO GERAL

Analisar a composi¢do quimica e avaliar o poteraestésico do 6leo essencial de
Aloysia gratissimaGillies & Hook) Troncoso, utilizando jundid®&hamdia quelencomo

animais de experimentacao.

4 OBJETIVOS ESPECIFICOS

- Obtencao do 6leo essencial das folhas frescasogsia gratissimdgGillies & Hook)
Troncoso e andlise de sua composi¢do quimica, bero sua atividade anestésica em
peixes da espécikRhamdia quelen

- Fracionamento do 6leo essencial e avaliacao idislade anestésica das fracdes de
maior rendimento;

- Isolamento dos constituintes presentes nas fsactg atividade anestésica foi
observada;

- Identificacéo e avaliacao da atividade anesté&kisaconstituintes isolados;

- Avaliacdo da influéncia do 6leo essencial sobraiddade da acetilcolinesterase
(AChE).
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5 REVISAO BIBLIOGRAFICA

5.1 O génercAloysia

O género Aloysia (Verbenaceae), geralmente muito aromatico, € dnigindo
continente sul-americano, principalmente da Argentmas também pode ser encontrado na
Ameérica do Norte. Na regido sul do continente acae, 34 espécies do género foram
catalogadas, entre estas doze podem ser encontiaéaasil (CORDO e DELOACH, 1995).

Estudos etnofarmacoldgicos indicam que as espéoi@gnero sdo empregadas para
diferentes enfermidades. Propriedades sedativasimiragivas, antiespasmadicas,
cardiotbnicas, adicionalmente, efeitos benéficobresoo sistema respiratério tem sido
relatados (VITTO et al., 1997; VENDRUSCOLO e MENTD06).

Existem diferentes estudos avaliando a variacacotaposicdo quimica dos 6leos
essenciais das diferentes espéciesAltg/sia A variabilidade ocorre principalmente em
funcdo da presenca de diferentes quimiotipos, dacegéncia do material vegetal
(SIMIONATTO et al., 2005), do érgao vegetal utilitta(GOMES e FERREIRA, 2005), da
época e horério de coleta (ROSSATO et al., 2006)m@tipos ja foram identificados pafa
sellowii (1,8-cineol e sabineno) (ROSSATO et al., 2006A.ecitriodora (sinébnimo A.
triphylla) (neral, citronelal @§-tujona) (LIRA et al., 2008).

A comparagdo da composi¢do quimica entre Olemeisseobtido pelo método de
hidrodestilacdo e o extrato volatil obtido por CSDipercritico foi realizada para as folhas de
A. triphylla. Os dois métodos forneceram extratos com 0s mesamssituintes majoritarios,
no entanto, as quantidades foram diferentes, sgne@stes estavam em maiores propor¢coes
no 6leo obtido por hidrodestilagdo (CABRAS et 2003). A. sellowii foi submetida aos
mesmos processos extrativos, sendo que concergragielhantes do composto majoritario
foram obtidas para as duas metodologias (ROSSAHD, &006).

Alguns estudos tém demonstrado os efeitos doss @esenciais obtidos a partir de
espécies do género. O o6leo essencial Adetriphylla apresentou potente atividade
antibacteriana frente a microrganismos causadarasfdcgcdes genito-urinarias (ROJAS et
al., 2010). Os compostos volateis de outra espAcisellowii,também foram ativos frente a
diferentes microrganismos; adicionalmente, demarein alta toxicidade frent&rtemia
salina com Clsg de 2,85 pug mtt (SIMIONATTO et al., 2005). Unscreeningavaliando a

toxicidade de Oleos essenciais de diferentes espéreinteA. salinademonstrou que os 6leos
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essenciais dA. triphylla e A. polystachyando séo toxicos, apresentando comgy@R79 ug
mL™ e 6459 pug mt, respectivamente (OLIVA et al., 2007). O 6leo es&# deA. virgata
também apresentou atividade antimicrobiana (MONTAMNAL al., 2011).

Existem poucos estudos relacionados a atividadespecies desse género sobre
sistema nervoso central. As atividades ansiolii@ntidepressiva do extrato hidroetandlico
das partes aéreas Aepolystachy@m camundongos e ratos foram relatadas. Frac@ies®b
a partir do extrato bruto ndo foram capazes deodaslo radioligantéH-flunitrazepam do
sitio especifico para benzodiazepinicos (BDZ) neseptores GABA (acido gama-
aminobutirico tipo A). Portanto, os efeitos ansiobis sdo provavelmente mediados por um
mecanismo diferente da modulag&o do sitio BDZ aosptores GABA (MORA et al., 2005;
HELLION-IBAROLLA, et al., 2006; 2008).

Dois diterpenos foram isolados do extrato etanobogto das partes aéreas Ae
virgata, sendo que estes apresentaram atividade sobesesares GABA, em ensaio com
radioligante °H-flunitrazepam. No entanto, apenas um deles, R¥16,17,18-
triildroxifilocladan-3-ona, apresentou efeito andiob em camundongos, os quais foram
totalmente revertidos através de um pré-tratameoto flumazenil (antagonista especifico
dos BDZ). Portanto, a atividade deste compostodiada pela interacdo com sitio de ligagédo
dos BDZ nos receptores GARAWASOWSKI e MARDER, 2011).

O extrato aquoso das folhas de citriodora apresentou efeitos sedativos em
camundongos, 0s quais foram potencializados pebzegam e antagonizados pelo
flumazenil, sugerindo o efeito sobre o sitio BD& meceptores GABAcomo mecanismo de
acdo (RAGONE et al., 2010).

Outras atividades farmacoldgicas puderam ser ¢ratas para espécies do género. O
extrato metanolico dé. triphylla apresentou efeito inibitério moderado em hipegtaise
em ratos (CALZADA et al., 2010). Estudos indicamequm componente do 6leo essencial
(aldeido C-9) poderia ser um dos responsaveisgbeidade antidiarréica da espécie (PEREZ
et al., 1998). Em experimentesg vivq atividade espasmolitica também foi documentada pa
0 seu extrato hexanico e aquoso (MONTER et al.p2BAGONE et al., 2007), bem como,
para o extrato aquoso e tinturaAlegratissimae A. polystachygCONSOLINI et al., 2011).
Atividades antiinflamatéria e hipotensora em rafimsam observadas com a utilizacdo do
extrato hexanico e aquoso de citriodora, respectivamente (MONTER et al.,, 2010;
RAGONE et al., 2010).
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5.1.1Aloysia gratissimgGillies & Hook) Troncoso.

A espécie A. gratissimaé um arbusto que pode alcancar no maximo trés snd&o
altura, ocorrendo na forma de touceiras densasseradEnadas, apresentando espinhos nos
ramos. Suas folhas sédo pequenas (normalmente@520x8 cm), oblongas a oblanceoladas e
obtusas, apresentam-se em pares opostos e sapatidaés na parte inferior. Suas flores sdo
de coloracéo branca, dispostas em cachos ao lamgjoachos, estas sdo muito aromaticas e
florescem na primavera e verao (FRANCO et al., 208DOD, 2009). Existem diferentes
variedades dessa espécie, as quais podem sefichalss de acordo com algumas diferencas
morfolégicas e também de distribuicdo (BRUSOTTalet2007). E conhecida popularmente
como “alfazema-do-Brasil’, “garupd”, “erva-de-NosSenhora”, “erva-santa” e “erva-da-
pontada”. Além disso, apresenta os seguintes simamiAloysialycioides (Cham.),Lippia
lycioides(Steud.) é/erbenagratissima(Gillies & Hook) (SOUZA e WIEST, 2007).

Figura 1.Aloysia gratissimgGillies & Hook) Troncoso. A: Imagem obtida no lbde coleta,
Morro Cechella, Santa Maria-RS em 13 de abril d€028: Exsicata.

Estudos etnofarmacoldgicos citam para as folhas. dgatissimaos seguintes usos na
medicina popular: nos casos de hipertensdo e @faléomo hipocolesterolemiante, nos
casos de afeccbes do estdbmago, resfriado e grigBIRUSCOLO et al., 2005). A esta
espécie também sao atribuidas propriedades caniiaf) sedativas, carminativas,
diaforéticas e digestivas (VITTO et al., 1997; GOUBWSKI et al., 2006).
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Alguns estudos sobre atividade antimicrobianaAdegratissimamostram que seu
extrato hidroalcodlico apresenta atividade bacsédiicca frente aRhodococcus eque
bactericida paraPasteurella multocidalisolado clinico animaj)bactérias envolvidas em
afeccdes respiratdrias humanas e animais (SOUZAIESW 2007). Frente @acillus
subtilis seu extrato hidralcoodlico e seu 6leo foram baxdtaticos (DUARTE, 2004; 2006).
O oOleo essencial também apresentou atividade dgotea ao cloranfenicol frente a
Staphylococcus aureu$FRANCO et al., 2007). A referida espécie vegetanbém
apresentou atividade contra o virus herpes simjges| (HSV-1) (MONTANHA et al.,
2004).

A propriedade antiespasmoddica do extrato aquosimtera de A. gratissimaem
experimentosex vivo foi comprovada (CONSOLINI et al.,, 2011). O extraiquoso da
referida espécie vegetal, administrado oralmentecamundongosMus musculusnachos,
apresentou atividade gastroprotetora frente amktdsoluto (BUCCIARELLI et al., 2007).
O seu extrato aquoso também demonstrou atividaiiepressiva quando administrado por
via oral em camundongos Swiss machos. O mecanisnagdb envolvido seria a inibicdo da
ativacdo dos receptores de N-metil-D-aspartato (Myi®também, o envolvimento na via L-
arginina-NO-GMPc (ZENI et al., 2011).

Trabalhos anteriores mostram diversos constituidentificados no 6leo essencial
das folhas deA. gratissima,os quais geralmente apresentam diferencas quasat#ague
estdo associadas principalmente aos diferentess lats coleta. Ricciardi et al. (2006)
analisaram o 0leo essencial de exemplares destaiesmwletados em trés locais préximos a
cidade de Corrientes (Argentina) no outono, primae verdao. Os principais constituintes
identificados foram B-elemeno, viridiflorol, B-cariofileno, a-tujona, 10epicubebol,
biciclogermacreno K)-nerolidol e germacreno D. A composi¢cao quimica dleos essenciais
apresentou significativa variacdo associada agedifes épocas de coleta, bem como a
localizagdo. A porcentagem de tujona encontradaamagstras provenientes de uma das
localidades é um fato importante, devido a toxidalaleste composto. Além disso, é
importante a quantificacdo de seus isdmeros, deagdsuas diferencas quanto a toxicidade e
atividade convulsivante, uma vez qugtujona geralmente apresenta menor toxicidade
(HOLD et al., 2000; RICCIARDI et al., 2006).

Dambolena et al. (2010) identificaram 1,8-cined, %), sabineno (8,3%), acetato de
carvacrila (8,2%) e espatulenol (8,7%) como caoustiés majoritarios do oleo essencial da

referida espécie coletada na regido noroeste danfing. Oleo essencial rico em sabineno
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(29,95%),B-pineno (9,66%) @-bisaboleno (5,81%) foi descrito por Soler et 4086a) em
material vegetal coletado em Minas, Uruguai.

Transpinocanfona (10,86%), acetato wlans-pinocarvila (9,27%) ¢rans-cariofileno
(5,95%) foram os compostos majoritarios detectadiss amostra cultivada no Centro
Pluridisciplinar de Pesquisas Quimicas, Biolégeasgrondmicas (CPQBA) da UNICAMP -
SP (SARTORATTO e AUGUSTO, 2003). Altos teores pipineno (14,06%),trans
pinocanfona (18,42%) e acetatotdens-pinocarvila (13,55%) foram detectados no dled\de
gratissima coletada no Horto de Plantas Medicinais da FF/UEGIgnia — GO), no més de
marco (FRANCO et al., 2007). Isopinocanfona (25,4%)oneno (15,1%) e guaiol (12,7%)
foram os constituintes majoritarios encontradoséden essencial dA. gratissimacoletada
em S&o Carlos, SP, no més de setembro (TROVATI, &QD9).

O dleo essencial obtido das flores de gratissimatambém tem demonstrado
variacbes quanto a sua composicao. Soler et aB6fhAdentificaramB-pineno (10,72%),
sabineno (18,62%), globulol (8,67%pBisaboleno (7,73%) como constituintes majoritarios
de material vegetal coletado em Minas, UruguaieNianto, 6leo essencial rico em pulegona
(65,80%) foi obtido por Zygadlo et al. (1995) senge, neste caso, a espécie foi coletada em
Cérdoba, Argentina.

A ampla variabilidade relacionada a composi¢do @ando Oleo essencial dé.
gratissimapode interferir diretamente na sua atividade faottamica. Como esta espécie é
empregada na medicina popular para o tratamentdifdeentes enfermidades, cuidados
devem ser tomados, pois a eficacia pode ser af¢2ABIBOLENA et al., 2010). Sendo
assim, estudos referentes a melhor época do arad,de coleta, quimiotipo e composi¢ao do

solo sdo necessarios.

5.2 Atividade anestésica geral em peixes

Os peixes podem ser submetidos a certas condigbestiesse, que podem provocar
alteracdes no crescimento, reproducdo, comportanrersensibilidade ou pré-disposicao a
doencas, prejudicando o desempenho animal (WEBERL,)20s agentes estressores podem
estar relacionados aos parametros da agua (tenmaergH, oxigénio dissolvido, dureza,
entre outros), ou ainda relacionados com atividatesnanejo em piscicultura, tais como
biometria, transporte e sexagem (GOMES et al., 19006; GOLOMBIESKI et al., 2003;
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COSTA et al.,, 2004; URBINATI et al., 2004; BOLASINAR011; CUNHA et al., 2011;
GOMES et al., 2011; BECKER et al., 2012).

Durante a exposi¢cdo a um agente estressor, 0 adasahvolve diferentes respostas,
as quais podem ser classificadas como primariaandarias e terciarias (MAZEAUD et al.,
1977, WEDEMEYER e MCLEAY, 1981; WENDELAAR-BONGA, 99). As respostas
primérias estédo relacionadas a exposi¢cado agudgeateaestressor, que resulta em liberagéo
de catecolaminas (adrenalina e noradrenalina) ®&é&amcorticosterdides (cortisol) para a
corrente sanguinea. Estes, por sua vez, sdo reésgisispor alteracdes fisioldgicas e
comportamentais, tais como aumento da ventilagéiogioial, mudancas de coloracao da pele,
alteracdo dos batimentos cardiacos e niveis idrpasmaticos, definidos como respostas
secundarias. As respostas terciarias estdo retmagna exposicdo crbnica ao estressor,
resultando em diminuicdo do desempenho animal (galehpeso, conversdo alimentar) e
também reprodutivo. Dependendo da intensidade oacdo da exposicdo, o animal pode
seguir para um periodo de exaustdo, onde a saludatéoumesmo a vida pode ser
comprometida (ELLIS et al., 2011; WEBER, 2011).

Quando os peixes estdo frente a uma situacactsss ocorre a liberacédo imediata
de catecolaminas para a corrente sanguinea, devidstimulacdo nervosa das células
cromafins. Adicionalmente, ocorre estimulacdo dwro ehipotalamico-pituitaria-interrenal
(HPI), o hipotalamo libera o horménio liberadoradeticotropina (HLC), o qual atua sobre a
pituitaria promovendo liberagdo do hormonio adremwootréfico (ACTH), que atua nas
células interrenais, resultando em liberacdo decosterdides para o sangue, principalmente
o cortisol. A intensidade da elevacao dos niveisadecolaminas e cortisol, bem como o seu
tempo de duragdo pode variar em funcdo da espécestido e o do tipo de estresse (agudo
ou crbnico) ao qual os animais estdo sendo subosefRIARTON e IWANA, 1991; REID et
al., 1998; ELLIS et al., 2011).

Esta condigéo resulta em uma série de alteracgiefdfiicas, como aumento do nivel
de glicose e lactato plasmatico, distarbio osmardedgrio, alterac6es hematoldgicas como
hematocrito, entre outras. Dessa forma, além datificacédo do cortisol, estes parametros
tém sido monitorados, a fim de caracterizar as icoed de estresse em diferentes espécies
(BARCELLOS et al., 2001; BARTON et al., 2005; BOLA@, 2011; MARICCHIOLO;
GENOVESE, 2011).

A aplicacao de agentes anestésicos em piscicidtoomstante, a fim de reduzir ou até

mesmo evitar uma condi¢do de estresse, além deafaoi manejo dos animais (COYLE et
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al., 2004). A administracdo pode ser oral, injetéeatravés de banho de imerséo, onde o
anestésico é diluido na 4gua (NEIFFER; STAMPER9200

Diferentes estagios podem ser observados até tesiaeser atingida. Primeiramente é
verificado um estado de leve sedacéo, seguidagoiacéo profunda, perda total do equilibrio
e anestesia, a qual é caracterizada por perdavidade reflexa, sem nenhuma reacdo aos
estimulos externos, mesmo aos fortes (Tabela IME®et al. 2011).

Tabela 1 Estagios de anestesia em peixes.

Estagio Descricao Caracteristicas
1 Sedacéo leve Perda parcial da reacdo aos essiexiBrnos.
2 Sedacéao profunda Perda parcial do equilibrio eredgdo aos estimulos
externos.

3a Perda total do Os peixes viram, mas retém a habilidade da natacéo.
equilibrio

3b Perda total do A habilidade da natacdo € interrompida, mas osepeix
equilibrio respondem a pressao no pedunculo caudal.

4 Anestesia Perda da atividade reflexa, nenhungioeaos estimulos

externos, mesmo aos fortes (pressao no pediunaudalga
5 Colapso medular O movimento respiratorio cessa (morte).

(morte)

Adaptada de Gomes et al. 2011.

Durante a avaliacdo da atividade anestésica, algfgifos sdo minuciosamente
avaliados, como os tempos de inducdo e recuperdgiobém € importante a andlise de
parametros sanguineos que determinam a condic@stEsse do animal. Estas variaveis
podem determinar a eficiéncia do método ou agenséstésico escolhido para promover
anestesia. A eficacia dos agentes anestésicosspod#luenciada por alguns fatores, os quais
podem estar relacionados a espécie de peixe edapllerm como a algumas variacoes
ambientais (COYLE et al.,2004). A razéo entre a @as branquias e o peso corporeo, a taxa
metabolica e o tamanho dos individuos séo varidamie as espécies (WOODY et al., 2002;
TSANTILAS et al., 2006). Temperatura, pH e salitidala agua sdo exemplos de variaveis
ambientais (STEHLY e GINGERICH, 1999; MYLONAS et,&005).
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Embora o emprego de anestésicos com a finalidadediizir as reacdes de estresse e
facilitar o manejo dos peixes seja uma pratica ecoma propria utilizacdo de algumas
substancias pode promover uma resposta de estressenimais. Em estudo realizado por
Zahl et al. (2010), benzocaina, metomidato, isoeoige metanossulfonato de tricaina (MS-
222) promoveram o0 aumento dos niveis de cortisol Saimo salar Gadus morhuae
Hippoglossus hippoglossuslém disso, alguns efeitos adversos como secrdgeamuco,
irritacdo das branquias e danos a coérnea ja fotasereados (INOUE et al., 2003). Dessa
forma, torna-se importante a pesquisa de novadésdigs ativas, com potencial atividade

anestésica, mais seguras e de baixo custo.

5.2.1 Anestésicos de origem sintética

Metanossulfonato de tricaina (MS-222) é o Unico posto anestésico permitido pelo
FDA (Food and Drug Administration) para utilizacém peixes destinados ao consumo
humano (ROSS e ROSS, 2008). No entanto, outrostémimss, tais como benzocaina,
guinaldina e metomidato, sdo empregados na peseuasa peixes que nao serdo destinados
ao consumo humano (COYLE et al., 2004).

A benzocaina e o0 MS-222 séo classificados comaesiess locais, cujo mecanismo
de acéo é explicado pelo bloqueio dos canais de,s@tluzindo os potenciais de acdo. No
entanto, quando administrados em peixes atravbard® de imersao, estes compostos atuam
de forma sistémica, promovendo anestesia gerayésrda acdo sobre o sistema nervoso
central. O mecanismo de acédo responsavel pelaearegieral ainda nédo esta elucidado
(CARTER et al., 2011; ZAHL et al., 2012).

MS-222 é efetivo e extremamente sollvel em aguantanto, apresenta alto custo e
acidez elevada, podendo diminuir consideravelmendél da agua, o que pode resultar em
alteracbes prejudiciais aos peixes. Portanto, lzagéio de tampdes para manter o pH no
banho anestésico é necessaria. Adicionalmentersdivecuidados devem ser tomados ao
manipular este produto e equipamentos de protagdiwidual devem ser utilizados para
evitar o contato direto com o farmaco (CARTER et2011).

A benzocaina merece destaque devido ao preco \a@essiseguranca para 0S
manipuladores, sendo um dos anestésicos maisadbkzpara peixes no Brasil (GOMES et

al., 2001). Apresenta menor solubilidade em aguaetsgdo ao MS-222, assim, é necessario
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ser dissolvida em etanol ou acetona antes de gaormatia & agua (NEIFFER e STAMPER,
2009).

A quinaldina € um liquido oleoso, amarelo, com tada solubilidade na agua e, dessa
forma, necessita ser diluida em etanol antes deatecada na agua. Como este composto é
lipossoluvel, pode ocorrer acumulacdo em algungddec como cérebro (NEIFFER e
STAMPER, 2009). O aumento dos niveis de cortiggiamse quando do uso deste anestésico
foi observado (DAVIS e GRIFFIN, 2004). Adicionalmienesta substancia pode ser irritante
para os peixes e promover contracdes musculares (€OYLE et al., 2004).

O metomidato é um ativador dos receptores GABpromovendo assim efeitos
sedativos. No entanto, apresenta limitada acaotemies geral. Este composto também é
capaz de inibir a producao de cortisol. Dessa fppude ser eficiente em procedimentos que
necessitem somente da sedacao dos animais, campdree (NEIFFER e STAMPER, 2009;
ZAHL et al., 2012).

A escolha de um determinado anestésico dependiéedentes fatores e, entre estes, a
auséncia de efeitos adversos nos animais, bem eoseguranca dos manipuladores devem
ser levados em consideracdo. Outra questdo impertana variabilidade da resposta
individual e entre as espécies, sendo dificil aeitgar qual o anestésico mais eficaz e seguro
(ZAHL et al., 2012).

5.2.2 Anestésicos de origem natural

Mentol e eugenol sdo os anestésicos naturais addiz no Brasil. O eugenol é o
constituinte majoritario do 6leo essencial de @antio génerdcugenia,enquanto que o
mentol € proveniente do 6leo essencial de espdeikkentha principalmenteM. arvensidl.
(GONCALVES et al., 2008).

O eugenol e o dleo de cravo, obtido da esgéagenia caryophyllataforam efetivos
em relacdo a atividade anestésica em baixas coacées para diferentes espécies de peixes,
tendo demonstrado boa margem de seguranca (KEEME, €998; VIDAL, et al., 2007,
2008; HONCZARYK e INOUE, 2009). Baixas concentra;0@lestes anestésicos
demonstraram eficacia como sedativos, podendopfieados em atividades como transporte
(COOKE, et al., 2004; BECKER et al., 2012). A cagade de prevenir o aumento do nivel
plasmatico de cortisol também foi comprovada (CUNEtAal., 2010a; IVERSEN et al.,

2003). Ramanayaka e Attapatu (2006) avaliaram engptl anestésico do extrato aquoso de



25

diferentes plantas em carpa comu@yprinus carpig sendo que 0 extrato aquoso de cravo
demonstrou os melhores resultados em relacdo gdndurecuperacdo da anestesia.

O mentol demonstrou eficiéncia anestésica paraagmpColossoma macropomym
na concentracdo de 150 mg,Lna qual os niveis sanguineos de glicose permamece
proximos aos normais (FACANHA e GOMES, 2005). Avidikde anestésica do mentol
também foi avaliada em pacBjaractus mesopotamicusa concentracdo de 100 mg,L
sendo que neste estudo nado foram avaliados pac@adr estresse (GONCALVES et al.,
2008). Entretanto, este composto causou aumengliasse sanguinea em tilapia-do-nilo,
Oreochromis niloticus indicando uma condicdo de estresse nesta esg8téOES;
GOMES, 2009). Em estudas vitro e in vivo utilizando a espéci¥enopus laeviso mentol
demonstrou efeito modulador alostérico positivo texeptores GABA, agindo sobre sitio
similar ao do propofol, anestésico intravenoso (WA al., 2008).

Cunha et al. (2010b) avaliaram o potencial anesiédo Oleo essencial obtido das
folhas deLippia albaem juvenis de jundidé®hamdia quelenAlém de apresentar atividade
anestésica (100 — 500 mg'). o 6leo essencial preveniu 0 estresse provenidate
manipulacdo dos peixes, fato comprovado pela i&bhigo aumento dos niveis de cortisol
plasmético em peixes submetidos & concentracd®@eng L. Este 6leo essencial também
foi capaz de anestesiar cavalos marinkbgpocampus reidinas concentracdes de 50 - 450
ul L', bem como apresentou atividade sedativa e inibaumento de glicose sanguinea
durante o transporte destes animais na concentds;d6 pL [ (CUNHA et al., 2011). Em
estudo realizado por Heldwein et al. (2012) foiestlado um efeito sinérgico entre o Oleo
essencial da.. alba e o diazepam em jundids. Adicionalmente, os efeito 6leo foram
antagonizados pelo flumazenil, demonstrando a patemodulacdo dos receptores GABA
como mecanismo de acao anestésica do 0leo essgesialespécie vegetal.

Parodi et al. (2012) demonstraram a atividade éasiest do 0leo essencial dealbae
A. triphylla em sub-adultos e poés-larvas de camar@igppenaeus vannameiAs
concentracdes efetivas dle alba foram 750 e 500 pL t para sub-adultos e pés-larvas,
respectivamente, enquanto que 300 fildo 6leo essencial d&. triphylla foi efetivo para
ambos estagios.

O Oleo essencial d&alaleuca alternifoliafoi eficaz como anestésico em carpa
comum,C. carpio,na concentracéo de 200 — 600 KL 1A seguranca do 6leo essencial foi
avaliada através da exposicdo dos peixes a coacéntde 500 pL 't durante diferentes
tempos. Foi observada mortalidade a partir de 4b de exposicdo ao anestésico (HAJEK,
2011).
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ABSTRACT

This work aimed to isolate the active compoundgaasible for the anesthetic activity
detected for the essential oil Afoysia gratissimgEOA) in silver catfish Rhamdia quelen
Acetylcholinesterase (AChE) activity under the uefhice of EOA was also investigated.
Silver catfish were submitted to anesthesia batth ViiOA, its fractions and isolated
compounds to determine time of anesthetic induciios recovery. Eugenol (50 mg).was
used as positive control. EOA was effective as thietis at concentrations of 300 to 900 mg
LY. However, silver catfish presented involuntary oieontractions during induction and
recovery. AChE activity was not affected by EOA.eThio-guided fractionation of EOA
furnishedE-(-)-pinocamphone, (-)-caryophyllene oxide, (-)-mli@and (+)-spathulenoE-(-)-
pinocamphone caused the same side effects obstertled EOA. (-)-Caryophyllene oxide, (-
)-guaiol and (+)-spathulenol showed only sedatiffecés at proportional concentrations to
those of the constituents in EOA, but (+)-spatholéBl1.2 mg %) promoted deep anesthesia
without side effects. A higher concentration of-gpathulenol, and lower or absent amounts
of E-(-)-pinocamphone could contribute to improve tloévaty and safety of the EOA. (+)-
Spathulenol showed potent sedative and anesthdifigtias in silver catfish, and could be

considered as a promising compound to the developaie new anesthetic.

Keywords:anesthesia, silver catfisk;(-)-pinocamphone, (-)-caryophyllene oxide, (-)-glia

(+)-spathulenol.
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1. Introduction

There are different handling practices in fish fawgn such as biometrics and transport. These
practices can cause stress, which can be detriimenteimal performance. Anesthetics are
used in this context to maintain fish welfare, mirging stressful situations and facilitating
handling [1-2]. Natural products have been evahllags an alternative to synthetic
anesthetics, such as 2-phenoxyethanol, quinaldiliats and benzocaine, which may cause
some side effects in fish and handlers [3-4]. Ametst activity of some compounds isolated
from plants, such as eugenol [5-7] and menthol 481 also of some essential oils, such as
the ones obtained frofGugenia caryophyllat4g3], Lippia alba[9-10], Ocimum gratissimum
[11] andMelaleuca alternifolig12] have been reported for different fish species

The genusiloysia(Verbenaceae) is originally from South Americaenh34 species
were cataloged, and among these 12 may be fouBdamil [13]. Certain species d&loysia
are known to exhibit central activity. Extracts Af polystachyashowed anxiolytic and
antidepressant-like effects in mice [14-15] ands rft6]. Additionally, two compounds
isolated fromA. virgatashowed central effects in mice [17]. The essermiiabf A. triphylla
showed potent anesthetic activity in white shrirhgopenaeus vanname[18] and silver
catfish Rhamdia quelen[19]. Zeni et al. [20] reported antidepressanivey of agueous
extract ofA. gratissimaGillies & Hook) Troncoso in mice. This specieskisown in Brazil
as erva-santa which means holy herb [21], and has been usddlknmedicine due to its
sedative properties [22]. The essential oil of thiant has anesthetic activity in Brazilian
flounder Paralichthys orbignyanyq23].

This work aimed to determine the efficacy of theesdial oil obtained from leaves of
A. gratissima(EOA) as anesthetic for silver catfish. Acetylghebkterase (AChE) activity
under its influence was also investigated. In aoldjt we performed the bio-guided

fractionation of EOA aiming to isolate the activagpounds responsible for the effects noted.

2. Materials and Methods

2.1 Plant material Aerial parts ofA. gratissimawere collected in April 2010 in Santa Maria,
Rio Grande do Sul, Brazil. Voucher specimen (SMDB0XZ7) was kept in the Biology
Department of the Universidade Federal de SantaaMard identified by PhD Professor
Marcos Sobral, UFSJ, and PhD Professor Solon Jayraghi, UFSM.



29

2.2 Essential oil extractiohe essential oil was obtained from fresh leaveA. @ratissima
by hydrodistillation with a Clevenger type appasator 3 h [24]. Samples of the essential oil

were stored at -4°C in amber glass bottles prithedests or isolation.

2.3 GC-MS and NMR analysi&C-MS TIC analysis of EOA and fractions were perfed
using an Agilent-6890 gas chromatograph coupled vait Agilent 5973 mass selective
detector, with an HP5-MS column (5% phenyl - 95%hyisiloxane, 30 m x 0.25 mmi. d. X
0.25um) and EI-MS of 70 eV. The isolated compounds veralyzed by a Varian CP-3800
gas chromatograph coupled to a Saturno mass seles¢tector, using VF-5 MS column
(Varian, 30 m x 0.25 mm x 0.25 pm). Conditions wélgsis: injector 1177 (MS), 250°C, split
1:20; injetor 1093 (FID), 250°C. The operating atinds were: split inlet 1:100; temperature
program, 40-320°C at 4°C rfincarrier gas He; flow rate 1.3 mL mininjector and detector
temperature 250°C. The constituents were identifigdcomparing their Kovats retention
index and mass spectra with a mass spectral lilf2&iyand literature data [26].

Optical rotations were obtained orParkin Elmer 343 polarimeter. Nuclear Magnetic
Resonance (NMR) spectra were recorded in GW@I Bruker HPX 300 FT-NMR at 400
MHz for *H and 100 MHz for*C with TMS as internal standard.

2.4 Fractionation and isolation of essential oEOA (6.03 g) was first submitted to
fractionation by column chromatography (3.5 x 52) emth 300 g silica gel 60 (Macherey-
Nagel, 70-230 mesh) as stationary phase and hexaatene (99:1 v/v) as mobile phase. The
fractions obtained (100 mL each) were gatheredsimain fractions (Frs. A-P) based on the
TLC profile (silica gel F254; detection: anisalddeyHSOy). The anesthetic activity of the
five fractions with higher yield (B, D, F, G, andl @as evaluated, two of them (G and J)
showed the best results, and were subsequenthjomated.

Fraction G (910.4 mg) was submitted to CC (1.9 xc61) with 89 g of silica gel 60
and eluted with henane:ethyl ether (99:1 v/v) ttawbfractions of 20 mL, giving 23 main
fractions (G.23). The fraction G (167.7 mg) was rechromatographed by CC (1 x 3fn}p ¢
using 18 g of silica gel 60 impregnated with 10%esi nitrate [27] and hexane:acetone (99:1
v/v). Fractions of 10 mL were collected and podiegether to give 10 main fractionsd43).
Purification of the main constituent 0%£5(99.0 mg) was performed with CC (1 x 28.5 cm)
using 15 g silica gel 60 and eluted with chlorofdrexane:ethyl acetate (78:20:2 v/v/v), to
obtain E-(-)-pinocamphone (76.1 mg). Fractiong;G G, were gathered (112.7 mg) and
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chromatographed by CC (1 x 30 cm) using 16.31 gilafa gel 60 impregnated with 10%
silver nitrate and hexane:ethyl acetate (97:3 tdvyjive (-)-caryophyllene oxide (91.1 mg).
Fraction J (493.3 mg) was submitted to CC (1.6 x54am) with 48 g of silica gel 60
impregnated with 10% silver nitrate, using hexatgdeether (92:8 v/v) as eluent, and
furnished (-)-guaiol (107.0 mg) and (+)-spathule®dl.3 mg).

E-(-)-pinocamphone’H NMR, & (ppm): 0.84 (s, 3H, H9); 1.05 (d, 3H, H10); 1.1 (
1H, H7a); 1.29 (s, 3H, H8); 1.88 (dt, 1H, H1); 2@, 1H, H5); 2.38* (m, 1H, H4a); 2.41*
(m, 1H, H7b); 2.57 (m, 1H; H2); 2.58 (m, 1H, H4b)These values can be exchangetd.
NMR (ppm), d: 14.96 (C10); 19.70 (C9); 26.28 (C8); 29.04 (C39;24 (C5); 39.36 (C6);
44.29 (C4); 44.39 (C1); 46.41 (C2); 215.34 (C8)pf’= -24.54 © ¢ 0.22, CHC)).

(-)-Caryophyllene oxide'H NMR, & (ppm): 0.9 (m, 1H, H); 0.91 (s, 3H, H13); 0.93
(s, 3H, H12); 1.13 (s, 3H, H14); 1.25 (m, 1H, H6RB5 (m, 1H, H2a); 1.58 (m, 3H, H2b,
H10a, H10b); 1.7 (m, 1H, H1); 2.02 (m, 1H, H3bWY2(m, 1H, H7b); 2.17 (m, 1H, H6b);
2.27 (m, 1H, H7a); 2.54 (q, 1H, H9); 2.80 (dd, 1B); 4.89 (s, 1H, H15a); 4.97 (s, 1H,
H15b).**C NMR (ppm),s: 16.94 (C14); 21.59 (C13); 27.18 (C2); 29.78 (CX9;84 (C12);
30.14 (C6); 33.96 (C11); 39.12 (C3); 39.72 (C1®;68 (C9); 50.74 (C1); 59.74 (C4); 63.68
(C5); 112.69 (C15); 151.76 (C8u]p*°= -62.5 ° ¢ 0.24, CHC)).

(-)-Guaiol: 'H NMR, & (ppm): 0.94 (d, 3H, H14); 0.98 (d, 3H, H15); 1.0s} 3H,
H12); 1.17 (s, 3H, H13); 1.27, 1.95 (both m, 1Hread3); 1.52 (m, 1H, H7); 1.70, 1.55 (both
m, 1H each, H9); 1.80, 1.44 (both m, 1H each, 128)3, 1.87 (dd, m respectively, 1H each,
H6); 2.28 (m, 1H, H10); 2.41, 2.05 (both m, 1H eddB); 2.52 (dd, 1H, H4)**C NMR, &
(ppm): 19.69 (C15); 19.88 (C14); 25.93 (C12); 27(28); 27.31 (C13); 27.80 (C6); 30.91
(C3); 33.64 (C10); 33.73 (C9); 35.34 (C2); 46.24),C19.59 (C7); 73.48 (C11); 138.69 (C5);
140.07 (C1). ¢]o*°= - 28.125 °¢ 0.16, CHC})).

(+)-Spathulenol*H NMR, & (ppm): 0.39 (dd, 1H, H6): 0.64 (m, 1H, H7); 0.92, (LH,
H8b); 0.97 (s, 3H, H13); 0.98 (s, 3H, H12); 1.2138, H15); 1.25 (dd, 1H, H5); 1.48 (m,
1H, H3b); 1.55 (m, 1H, H2b); 1.70 (m, 1H, H3a);3 (@, 1H, H2a); 1.91 (m, 1H, H8a); 1.98
(m, 1H, H9a); 2.14 (m, 1H, H1); 2.35 (dd, 1H, H9#)60 (d, 2H, H14a/H148C NMR, &
(ppm): 16.29 (C13); 20.21 (C11); 24.74 (C8); 26(Q35); 26.68 (C2); 27.46 (C7); 28.62
(C12); 29.90 (C6); 38.83 (C9); 41.71 (C3); 53.31);B54.27 (C5); 80.90 (C4); 106.22 (C14);
153.38 (C10).d]p*°= + 8.66 ° € 0.15, CHC)).

2.5 Animals. Silver catfish were purchased from local producdfssh were kept in

continuously aerated 250 L tanks. A semi-statidesyswas used, where 50% of the water
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volume was exchanged once a day. In experimeielywater parameters were maintained at
the following values: temperature, 15.90 £ 0.1488; 7.37 £ 0.11; dissolved oxygen, 8.65 +
0.07 mg L total ammonia, 2.43 + 0.81 mg'LIn the other experiments, the values were
19.33 + 0.69 °C; pH, 7.19 + 0.56; dissolved oxydges,l + 0.95; total ammonia, 1.06 + 0.39
mg L. Dissolved oxygen and temperature were measurédanyS| oxygen meter. The pH
was verified with a DMPH-2 pH meter. Total ammonévels were determined by the
salicylate method [28]. Fish were fed once a datyl satiation with commercial feed for
juveniles containing 28.0% of crude protein. Theepiles were fasted for 24 h prior to the
experiments. The experimental methodologies wem@oaed by the Ethical and Animal
Welfare Committee of the Universidade Federal de&®laria (process No. 46/2010).

2.6 Experimental procedurBaree groups of experiments were performed to ewalthe
sedative and anesthetic potential, and, also, ezgowuf silver catfish exposed to EOA,
fractions and isolated compounds. Animals weresfieaned to aquaria containing 1 L of
water and the sample to be tested, previouslyatilin ethanol 95% (1:10), to evaluate the
time required to reach stages of anesthesia [Thishmethod, each juvenile is used only once
to observation of deep sedation (S2), partial (S8&) total loss (S3b) of equilibrium,
anesthesia (S4) and/or medullar collapse (S5). thesgm was determined by loss of reflex
activity and no reaction to strong external stinfplessure on caudal peduncle). The animals
remained in the anesthetic bath until they reacBddor for 30 min. After anesthesia
induction, each fish was measured, weighed andfeaed to an anesthetic-free aquarium to
recover. The fish were considered to have recovétbdir normal posture and behavior were
restored. After that, the animals were transfetoe80 L tanks, where possible side effects or
mortality was examined after 24 h of expositionn€ol experiments were performed using
aquaria containing ethanol at the highest concéotrased to dilute the EOA.

In experiment 1, the anesthetic activity of EOAsvevaluated. Ten juvenile of silver
catfish (6.82 + 2.04 g and 9.10 £ 0.91 cm) weraldse each concentration of EOA (90, 300,
450, or 900 mg ). Experiment 2 was performed to compare the agtaiong 450 mg t
EOA and the fractions with higher chromatographigeld) obtained by column
chromatography (B, D, F, G and J). Six juvenile$§8t 2.32 g and 9.52 + 0.86 cm) were
used for testing each fraction, at proportionaloemtrations to those of the major constituents
in the EOA. In experiment 3, the sedative and dretist activities of the isolated compounds
were evaluated. Six juveniles (6.99 £ 2.24 g a4 9 1.03 cm) were used for each

concentration. The isolated compounds were evalugteroportional concentrations to those
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of the constituents in the EOA at concentrations46f, 675 and 900 mg™. which
correspond to: 19.06, 28.60 and 38.14 rifgok E-(-)-pinocamphone; 10.00, 15.00, 20.00 mg
L of (-)-caryophyllene oxide; 32.65, 48.96 and 65139 L™ of (-)-guaiol; and 12.80, 19.20
and 25.60 mg T of (+)-spathulenol. Additional concentrations §f¢aryophyllene oxide (40
mg L") and (+)-spathulenol (51.20 mg*Lwere tested. (-)-Guaiol and (+)-spathulenol were
also evaluated in association (32.65 and 12.80 tgdspectively). Eugenol at concentration

of 50 mg L was used as positive control [6].

2.7 Long time exposufBhis experiment evaluated the effects of the ldngetexposure of
silver catfish to EOA and (+)-spathulenol at sedationcentrations. Considering the sedative
concentrations determined in the experiments desgriin the previous sections, four
experimental groups were performed: EOA at 90 nly (+)-spathulenol at 2.6 mg™L
(proportional concentration of the constituent fire tEOA at 90 mg 1), ethanol (at the
concentration used to dilute the EOA) and water.

Silver catfish (6.72 £ 2.01 g; 8.75 £ 1.02 cm) wesmnsferred to aquaria containing 1
L of water and the sample to be tested. Six aninvale used for each group to determine the
time to reach stage S3a. Animal condition was etahtliin the first 30 min of exposure and
after 24 h. After exposure, fish were transferr@dnesthetic-free 7 L tanks, where possible

signs of intoxication or mortality were examined &uolditional 24 h.

2.8 Acetylcholinesterase ass&yx juvenile of silver catfish (20.49 + 6.71 g; 36.= 1.33 cm)
were exposed to each concentration of EOA (90,8080 mg L), firstly diluted in ethanol
95% (1:10). Control experiments were performed gisuater alone or ethanol at the highest
concentration used to dilute the EOA. Fish werdnanized by severing the spinal cord after
they reached S4 or after 30 min of exposure forcthr@rols and concentrations that did not
promote anesthesia. Whole brain and muscle samy#es removed, packed in eppendorf
tubes and kept at -20°C for AChE analysis. AChEyasgas performed in homogenates of
brain and muscle according to the method descrilyeBliman et al. [29] and modified by
Villescas et al. [30]. Homogenates (50-100 pL) weneubated with 0.8 mM of
acetylthiocholine and 1.0 mM of 5,5’-dithio-bis-&mbenzoic acid (DTNB) at 25°C for 2
min. Protein content was determined according tadi&rd [31]. Enzyme activity was

expressed as micromoles of acetylthiocholine hydesl per minute per milligram of protein.
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2.9 Statistical analysid/alues are presented as mean + SEM. A Levene &estged with all

data to verify the homogeneity of variances. Thsulte were analyzed by one-way ANOVA
and Tukey test or Kruskal-Wallis and Dunn test, nvia@propriate. Comparison between
spathulenol and eugenol was performed with t-fBs¢ minimum significance level was set

at P<0.05. Regression analyses were performed fod&fd isolated compounds.

3. Results

The yield of EOA was 1.94 + 0.03% (w/w). EOA show&iconstituents, and 91.86% of the
chemical composition was identified. The major coomuds of EOA were 1,8-cineole
(18.54%), sabinene (9.5%), guaiol (6.79%) and bogyermacrene (5.12%) (Table 1).

Regarding the anesthetic effect of EOA (experimépt silver catfish reached
anesthesia at concentrations ranging from 300 ¢appately 18 min) to 900 mg t
(approximately 12 min). Fish exposed to 90 migreached stage 3a after 8 min and they kept
on this stage for 30 min of observation. There wereignificant differences in the induction
times to anesthesia between the concentrations®fapproximately 13 min) and 900 mg L
(approximately 12 min), but these induction timesrevsignificantly faster than 300 mg'L
(approximately 18 min). A significant relationshagetween the EOA concentration and the
time required for anesthesia induction was notedfiostages (Table 2), except for recovery
time. Time of recovery was significantly fastera0 mg L* (approximately 12 min) when
compared to 300 and 450 mg'.LDuring this experiment, and 24 h after it, no tality
occurred, however, involuntary muscle contractiomsre observed in the fish during
induction and recovery. The group exposed to ethatmmwed light sedation (S2 -
approximately 7.9 min), but it was significantlyffdrent from all EOA-treated groups.

AChE activity did not show any significant diffei@m among treatments (Table 3).
The fractions and isolated compounds obtained fEB@A were not evaluated because
essential oil did not influence AChE activity.

After the CC of EOA 16 fractions were obtainedwdfich fractions B, D, F, G and J
showed higher yield (Table 4). In addition, fraosoF and G showed similar chemical
composition while the others showed different maonstituents. Regarding the experiment
2, fraction D did not have any sedative effect witBO min. Fish exposed to fractions B and
F reached only S3a within 30 min (Table 5). Botitfions G and J resulted in anesthesia (S4)
in 50% of fish with no significant differences be®n them. However, fraction G caused

involuntary muscle contractions in fish, which dhe same side effects observed during
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anesthesia induction and recovery with EOA. Fracficaused no side effects, but it showed
increased recovery time in relation to the othections. Since fractions G and J showed
anesthetic or side effects, we chose to isolate th&or constituents, in order to identify the
active compounds.

Fraction G was rechromatographed by CC to d&#)-pinocamphone and (-)-
caryophyllene oxide, while purification of fractiod resulted in the isolation of two
constituents, (-)-guaiol and (+)-spathulenol. Tiselated compounds were identified by
comparing the MS and NMR data with literature rép32-36].

Juveniles submitted t&-(-)-pinocamphone showed different behavior of sediar
anesthetized fish. In the first minutes of exposar@eriod of hyperactivity could be noted.
Animals tended to present faster and erratic swimymvith partial loss of equilibrium, and
sudden jumping towards the water surface. Aftergjatilere was a period of total loss of
equilibrium, animals tumbled on the bottom of tlguarium and remained immobile even
after pressure on caudal peduncle, but they regubtw external stimuli made with a glass
rod in the bottom of the aquarium. Then, fish wieatk to swimming erratically, and, at that
moment, involuntary muscle contractions were nokgsh writhe to the right and left sides,
or remained contracted in “C or S-shape”. There avaggnificant relationship between the
concentration ofE-(-)-pinocamphone and the time required for hypirdyg stage (y=
283.198-15.111x+0.228x r’= 1) and tipping stage (y= -13.117+18.650x-0.406%= 1).
Three juveniles were found dead 24 h after the rxyat.

The other isolated compounds reached stages S2 S8al at proportional
concentrations to EOA. Regarding S2, (-)-caryommgl oxide was not significantly different
from EOA, except at the lowest concentration testeithis experiment (450 mg™). At this
stage, (-)-caryophyllene oxide was significantlymigar to (+)-spathulenol in all
concentrations (Figure 1A). EOA was the most eiffector loss of equilibrium (S3a), except
at concentration of 675 mg i where it did not differ from (+)-spathulenol. «-)
Caryophyllene oxide and (-)-guaiol did not presstattistic differences to reach stage S3a,
except at the highest concentration, in which &)ophyllene oxide was more effective
(Figure 1B). In addition, both compounds showeéed#nt induction times from EOA.

(-)-Caryophyllene oxide, (-)-guaiol, and (+)-spddmol showed a significant
relationship between the concentrations and the tieguired to reach stages S2 and S3a
(Table 6). (-)-Caryophyllene oxide and (-)-guaidsca showed significant relationships
between the concentrations and recovery time. The&® no significant difference in the

recovery time of juveniles submitted to concentmagi of 12.8 to 25.6 mg L of (+)-
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spathulenol (data not shown). (-)-Caryophyllenadexi(-)-guaiol and (+)-spathulenol did not
promote mortality during induction and recovery aiso 24 h after exposition, while four
fish submitted to EOA were found dead 24 h after éxperiment. Fish submitted to (-)-
caryophyllene oxide (40 mg1) and (-)-guaiol (48.96 and 65.30 m¢g)Lshowed secretion of
mucus during exposition. Additionally, (-)-caryoplepe oxide (15 - 40 mgt) caused light
spasms in the animals.

(-)-Caryophyllene oxide did not promoted anesthesewven at the highest
concentration tested (40 mg'L Stage S2 and S3a were reached at 5.50+0.22 s and
25.50%4.29 s, respectively. Moreover, fish recodeater 1168.00+126.08 s. Fish submitted
to the highest concentration of (+)-spathulenolZ5hg L) reached S2 and S3a faster than
with the positive control eugenol (Figure 2). lbproted deep anesthesia in approximately 22
min that was significantly different of time obtaoh with eugenol to reach the same stage.
Fish submitted to eugenol recovered in approxirgatél min, differently of fish exposed to
(+)-spathulenol, which did not recover within 30nmi

The association of (-)-guaiol and (+)-spathulersiutted in decrease of induction time
until stage S3a, when compared to the isolated ocamgs (Figure 1B). However, animals
showed mucus secretion and greater recovery tiarettie isolated compounds alone (Figure
1C). When compared with EOA, the recovery time bé tassociation did not differ
statistically. The three isolated compounds did staiw statistic differences in the recovery
time at all concentrations. Moreover, only one faibmitted to EOA recovered within 30
min at the concentration of 675 mg.L

Regarding the long exposure time (24 h), fish redcB3a at 241.50+£20.28 s with
EOA and 1752.50+£70.94 s with (+)-spathulenol. Af2dr h of exposure, no mortality was
observed, and the animals submitted to EOA andsgajhulenol were not sedated. Fish
submitted to (+)-spathulenol did not present sighgtoxication or mortality after 24 h in

anesthetic-free aquaria. However, mortality (33.38%4s observed with EOA.

4. Discussion

Previous studies showed quantitative differenceshan chemical composition of the EO
obtained from leaves @&. gratissima Dambolena et al. [37] identified 1,8-cinecle &%)

and sabinene (8.3%) as major constituents. Howéwermroportion of these compounds was
different from the corresponding data found in pinesent study. Similar proportion of guaiol

(6.27%) was found by Franco et al. [38]. Varied ants of bicyclogermacrene (0 - 12.8%)
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were described by Ricciardi et al. [39], and thasiation depended on sites and period of
collection.

Anesthesia (S4) is achieved when fish lose reftdiity and do not show a reaction
to strong external stimuli [7]. Silver catfish exgenl to concentrations of 300-900 mg L
EOA reached this stage within 12-18 min. The cotre¢ion of 900 mg [ was the most
effective, because it showed lower anesthetic indcime and recovery. The EOA at 270-
900 mg L* also provoked deep anesthesia in Brazilian flouf2g]. To reach the same level
of anesthesia in a similar period of time (appraadiey 12 min) in silver catfish, 30 mg*Lof
eugenol and 100 mg’Lof EO ofLippia albaare made necessary [6,9]. Moreover, 200 f{L L
of EO of Melaleuca alternifoliaand 250 mg L' of menthol lead to S4 in common carp,
Cyprinus carpig and in Nile tilapiaQreochromis niloticusrespectively [8,12].

Compounds present in fraction D did not contribiot¢he effects of EOA, because it
did not have any sedative effect in the animal$iwiB0 min. As silver catfish exposed to
fractions B and F reached only S3a within 30 mipraportional concentrations to 450 mg L
! of EOA, the constituents present in these frastimere not the main elements responsible
for the anesthetic activity of EOA. However, theyayncontribute to its sedative effect.
Among the compounds present in fractions B andmkoriene, 1,8-cineoly and p-pinene
showed central activity in previous reports [40-48H need to be tested in fish. On the other
hand, fractions G and J promoted anesthesia in 50f %sh, which indicates that the
compounds present in these fractions contributba@nesthetic effect of EOA.

E-(-)-pinocamphone did not induce sedation or aress#h but it promoted involuntary
muscle contractions, which were also observedsin éxposed to EOA and fraction G. With
this compound the fish showed two distinct stapgpgeractivity and tipping. Similar effects
were verified in zebrafishDanio reniq exposed to caffeine, pentylenetetrazole (PTZ) and
picrotoxin, and were characterized as seizure B{jinocamphone and-pinocamphone are
known antagonists of gamma-aminobutyric acid typg GABAA) receptor; convulsions
promoted by these compounds in mouse were all@vibte diazepam, and the signs of
intoxication were similar to picrotoxin [33]. Thdéoee, at leastE-(-)-pinocamphone, and
probably alsaZ-pinocamphone, are the responsible for the sideceffand mortality noted
with EOA. As fish submitted t&-(-)-pinocamphone showed more intense side effies
EOA, the compounds with sedative/anesthetic agtpuiesent in EOA may have reduced their
effects. This observation provides evidence thatadt one of the components of EOA may

be acting as GABA receptor agonist, as already demonstrated foE@efL. alba[44].
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The results obtained fdt-(-)-pinocamphone are not inconsistent with theultesof
the AChE assay of EOA. Action in AChE was reseailchecause the muscle inhibition of
this enzyme leads to increased acetylcholine levedsulting in excessive muscular
stimulation [45]. However, AChE activity was notfedfted by EOA at the tested
concentrations and, therefore, the contracturesraebd on the fish were not due to changes
on activity of this enzyme. On the other hand, tleisponse could be attributed, as reported
early, to GABAergic system, and future studies $thtwe conducted to clarify this issue.

The sesquiterpenoids (-)-caryophyllene oxide apdyaiol promoted only sedation at
all tested concentrations. Higher concentrationtheSe compounds were not used because
they caused mucus secretion on the animals. Addifyy (-)-caryophyllene oxide showed
light spasm in fish. Secretion of mucus has beeeed with some synthetic anesthetics for
fish, such as 2-phenoxyethanol, quinaldine sultatd benzocaine [3-4]; as well as 2,4-D
[(2,4-dichlorophenoxy) acetic acid], an herbicidé][ Caryophyllene oxide, isolated from the
hexane extract dPsidium guajavashowed depressant effects on central nervousryst
mice through potencialization of the pentobarhitaluced-sleeping time [47]. However, the
authors did not provide any information about tbemer which was tested. Studies on the
central activity of (-)-guaiol were not found.

Sedation induced by (+)-spathulenol agrees witlseéhdescribed for the EO obtained
from Baccharis uncinellawhich showed sedative effects in mice and coatapathulenol as
one of the major constituents [48]. There were tiheostudies related to the central activity
of (+)-spathulenol. Since this compound did not seawany side effects at sedative
concentrations, one higher concentration was testddch resulted in anesthesia. Fish
submitted to (+)-spathulenol showed faster sedatimh slower anesthesia and recovery than
eugenol. Eugenol is largely used as anesthetidighrand its activity has been proven in
different species [5-7,49-50]. By the other han#)-gpathulenol showed better anesthetic
activity thanS-(+)-linalool isolated from the EO df. albain silver catfish. Fish submitted to
(+)-spathulenol (51.2 mg1) reached S4, whil&(+)-linalool promote anesthesia at 153 mg
L™ [51]. Consequently, (+)-spathulenol is three timmasre potent tharS-(+)-linalool.
Additionally, with S(+)-linalool, fish did not recover within 30 mirsimilar to (+)-
spathulenol in the present study.

(+)-Spathulenol at 2.6 mg“Lshowed to be a safe compound to sedate silvasltatf
for 24 h. Opposite pattern occurred with EOA, baeamortality was noted after exposure for
the same period of time. Spathulenol at 8 rifgfdr 24 h was classified by Ito et al. [52] as

ichthyotoxic in medakaQryzias latipeslt is probable that this concentration of spathalen
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has led to S5 of anesthesia induction (medullalapsé) and caused mortality to this fish.
Different results could be found due to variatidretween fish species in the response to
anesthetics, as previously described [2]. Since biodogical activity may differ among
different isomers, Ito et al. [52] may have testkd (-)-spathulenol which, in turn, would
present toxicity. However, the optical rotationtbé compound was not determined in this
study.

A relationship between concentration and recovieng twas noted in fish exposed to
(-)-caryophyllene oxide and (-)-guaiol, while thther tested compounds did not show the
same relation. The lack of concentration influeimcthe recovery time was described in other
studies with eugenol and EOlofalbain silver catfish [6,9].

The fractionation of EOA resulted in decrease ofstimetic potential. The isolated
compounds did not promote anesthesia at propotticnacentrations to those of the
constituents in the EOA. Moreover, the associatib@)-guaiol and (+)-spathulenol caused a
decrease in time to reach stage S3a. These evalardieate that the anesthetic and sedative
effects are due to the synergism of the constitu@nésent in EOA. Similar results were
observed regarding the anticonvulsive activity lvé EO ofOcimum gratissimunin mice.
Moreover, the EO of this plant was more effectiarn the major constituents isolated or in
association, eugenol, 1,8-cineole dadaryophyllene, which were evaluated in the same
proportion found for the EO [53].

Conversely, the hypothesis that the minor constittueresent in fractions G and J, as
well as the constituents of fractions B and F, @sponsible for the anesthetic activity of
EOA in silver catfish cannot be ruled out. Moregw@nce the fractions of lower yield were
not tested, their components could also contriboitthe effect of EOA. Therefore, it is not
always possible to assign the biological activityplant extract to a single constituent or its
major compounds [53]. Essential oils as well aseotplant extracts contain several
substances, which can show different mechanisnagtain. These different mechanisms can
be added together and result in improved activd4].[ Pharmacokinetic synergism can also
be observed, where absorption, distribution, bisfarmation or elimination of a compound

can be influenced by other, obtaining positive tsJ%5].

5. Conclusion

EOA showed anesthetic properties, however, it shbel used carefully in silver catfish due

to the observed side effects:(-)-pinocamphone and (-)-caryophyllene oxide dboted to
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the side effects of EOA. Moreover, (+)-spathulesbbwed anesthetic activity at higher
concentration than it appears in EOA. Then, higtamncentration of (+)-spathulenol, and
lower or absent amounts &f(-)-pinocamphone, could contribute to improve #mesthetic
activity and safety of the EOA. (+)-Spathulenolerrgsting sedative and anesthetic activities
to silver catfish; moreover, more studies are ndddeevaluate its activity in other species,

and to determine its mechanism of action.
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TABLE 1: Chemical composition of essential oilAibysia gratissima

Peak RT (min) Constituents (%) Rl calc Rl ref
[25-26]

1 9.524 a-thujene 0.27 925.3 924
2 9.756 a-pinene 2.74 931.0 932
3 10.295 camphene 0.19 944.2 945
4 11.459 sabinene 9.50 973.0 972
5 11.518 B-pinene 3.69 974.1 973
6 11.772 1-octen-3-ol 0.15 980.3 979
7 12.205 B-myrcene 1.27 990.9 990
8 12.625 a-phellandrene 0.13 1001.2 1000
9 13.495 p-cymene 0.33 1022.6 1025
10 13.679 limonene 2.34 1027.1 1029
11 13.820 1,8-cineole 18.54 1030.5 1031
12 14.538 B-Eocymene 0.48 1048.2 1050
13 15.232 Z-sabinene hydrate 1.13 1065.2 1070
14 16.477 E-sabinene hydrate 0.60 1095.8 1098
15 16.636 linalool 0.42 1099.8 1100
16 16.775 a-thujone 0.18 1103.3 1102
17 17.404 Ep-mentha-2,8-dien-1-ol 0.12 1119.4 1123
18 17.594 a-campholenal 0.13 1124.3 1126
19 18.056 E-pinocarveol 0.89 1136.1 1139
20 18.345 E-verbenol 0.50 1143.5 1145
21 18.951 E-pinocamphone 3.99 1159.0 1163
22 19.013 pinocarvone 0.36 1160.6 1162
23 19.144 isoborneol 0.22 1163.9 1169
24 19.229 o-terpineol 0.18 1166.1 1166
25 19.455 Z-pinocamphone 1.33 1171.9 1175
26 19.600 terpinen-4-ol 0.40 1175.6 1177
27 19.941 cryptone 0.23 1184.3 1186
28 20.136 a-terpineol 0.63 1189.3 1189
29 20.328 myrtenol 0.63 1194.2 1196
30 21.224 E-carveol 0.18 1218.2 1217
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31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

22.136
23.684
23.959
24.215
25.520
26.828
27.142
27.409
27.856
28.323
28.634
28.806
29.440
29.657
30.372
30.883
31.111
31.456
31.655
31.992
32.170
32.529
32.772
32.947
33.426
33.586
34.063
34.338
34.691
34.945
35.208
35.332
35.452

carvone
isobornyl acetate
E-sabinyl acetate
E-pinocavyl acetate
0-elemene
a-ylangene
B-bourbonene
B-elemene
methyl eugenol
B-caryophyllene
B-copaene
y-elemene
a-caryophyllene
alloaromadendrene
germacrene D
bicyclogermacrene
germacrene A

cubebol

elemol
germacrene B
E-nerolidol
spathulenol
caryophyllene oxide

guaiol

alloaromadendrene epoxide

0.13
0.18
0.26
2.84
0.85
0.16
0.31
0.63
0.12
2.82
0.16
0.60
0.87
0.39
3.91
5.12
0.44
0.68
0.37
0.12
0.15
0.73
4.15
0.34
2.71
2.16
6.79
1.44
0.37
0.92
0.38
0.40
0.40

1243.0
1285.1
1292.6
1299.6
1337.2
1375.0
1384.1

1391.8

1405.0

1419.2
1428.6

1433.8

1453.1

1459.7
1481.4
1496.9
1504.1
1515.4

1521.9
1533.0
1538.8

1550.6
1558.6
1564.3
1580.0
1585.3

1601.0
1610.4
1622.4
1631.1

1640.1

1644.3
1648.4

1243
1286

1291

1298

1338

1375
1388
1391
1404
1419
1432

1437

1455
1460
1482
1497
1509
1515

1550
1560
1564
1582
1585
1601

1164
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64 35.659 - 0.81 1655.5 -
65 36.095 bulnesol 2.38 1670.4 1672
66 36.285 - 0.18 1676.9 -
67 36.445 - 0.10 1682.3 -
68 36.601 - 0.20 1687.7 -
69 37.221 - 1.17 1709.3 -
70 37.579 - 0.66 1722.2 -
71 38.600 - 0.33 1758.9 -
72 38.859 - 0.30 1768.2 -
73 40.507 - 0.25 1828.7 -
Total 91.86

(%): Relative percentage; Rt: Retention time; Rl calculated Kovats retention index; RI

ref: reference Kovats retention index. — Unideatfconstituents.

TABLE 2: Time (s) required for anesthesia inductiamd recovery using different

concentrations of EOA iRhamdia quelen

Concentration Time of induction to anesthesia (Ss) Time of
(mg L'l) Stage 2 Stage 3a Stage 3b Stage 4 recovery (S)
90 89.17+¢25.92 519.20+30.91 - - 956.60+78.4%
300 39.90+7.12  163.10+12.3%5 875.10+29.95 1085.70+45.54 1083.14+91.3%
450 16.60+1.18 74.40+4.32 669.10+38.58 776.10+33.68 1188.12+57.19
900 15.70+1.86 36.30+1.94 593.00+54.50 720.90+36.11 746.60+54.81
Equations  y=12.56+128.64 Iny=8.37- y=0.002x- y=0.003X- -
XIL75.71) 0.104In(xf  2.88x+1558.05 4.49x+2141.7
r’=0.984 f=0.988 =1 P=1 -

Values are means + SEM. Different letters in theurmms indicate significant differences

among concentrations by one-way ANOVA and Tukeyst€S3b, S4 and recovery) or by
Kruskal-Wallis and Dunn tests (S2 and S3a) (P<0.05) indicates that the stage was not

reached within 30 min or that there is no significeelationship.
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TABLE 3: Brain and muscle specific AChE activitynel min* mg proteif) of Rhamdia

Tissue Treatments
Water control Ethanol EOA (mg LY
control 90 300 450
Brain  0.693+0.098 0.702+0.082 0.672+0.093 0.612+0.064 0.645+0.028

Muscle 0.853+0.130 0.723+0.047 0.743+0.06% 0.943+0.128 1.080+0.151

Values are means £ SEM. Data was submitted to aneANOVA (P<0.05).

Constituents

TABLE 4: Major constituents of the fractions of hey yield obtained from EOA.

a-pinene

Fractions (%)

sabinene
B-pinene
Limonene
1,8-cineole
E-pinocamphone
Z-pinocamphone
E-pinocavyl acetate
B-caryophyllene
a-caryophyllene
germacrene D
bicyclogermacrene
germacrene B
spathulenol
caryophyllene oxide
guaiol

bulnesol

(%): Relative percentage of each constituent.

31.19
14.40

34.37
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TABLE 5: Time (s) required for induction and recoydrom anesthesia using EOA (at
concentration of 450 mg) and its fractions of higher yield (at proportibsancentrations
to those of the major constituents in the EOARmamdia quelen

Fraction Time of induction to anesthesia (Ss) Time of recgver
Stage 2 Stage 3a Stage 3b Stage 4 (s)

EOA 6.67+0.99 37.33+2.88  930.60+290.6% 1035.33+226.44 894.00+67.7%
B 83.33+19.11 762.50+52.50 - - 213.00+16.18
D - - - - -
F 99.33+32.87 608.00+91.38 - - 272.50+15.73
G 23.83+2.0 67.33+10.60  279.00+96.77 894.67+150.35  587.50+95.97
J

37.00+15.0% 92.67+32.4B6 1138.33+210.90 1457.00+94.12 1119.00+220.40

Values are means + SEM. Different letters in th&urmms indicate significant difference
among treatments by one-way ANOVA and Tukey testages 3a, 3b, 4 and recovery) or

Kruskal-Wallis and Dunn tests (stage 2) (P<0.05).ir{dicates that the stage was not reached
within 30 min.
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FIGURE 1. Time required for the induction and remyvfrom sedation in silver catfish
submitted to EOA and the isolated compounds atgtmmal concentrations to those of the
constituents in EOA: A: Stage 2; B: Stage 3a; Ccdery. For 450 mg £ EOA: (-)-guaiol
(32.65 mg ), (+)-spathulenol (12.8 mg™), (-)-caryophyllene oxide (10 mg™) and
association of (-)-guaiol and (+)-spathulenol (32aéid 12.8 mg t); For 675 mg [* EOA: (-
)-guaiol (48.96 mg L), (+)-spathulenol (19.2 mg{) and (-)-caryophyllene oxide (15 mg L
; For 900 mg [} EOA, (-)-guaiol (65.3 mg 1), (+)-spathulenol (25.6 mg™) and (-)-
caryophyllene oxide (20 mg1). Fish submitted to 675 mg EOA did not recover within 30
min, so it was not shown in this figure. Stagesaeording to Gomes et al. (7). Maximum
observation time was 30 min. N= 6 for each conediain tested. Data are expressed as mean
+ SEM. Different letters indicate a significantféifence between the different products at the
same stage. Stage S3a and recovery time of 675 A and S2 of 900 mgtEOA were
submitted to Kruskal-Wallis and Dunn tests (P<0.0H)e other stages were submitted to
ANOVA and Tukey tests (P<0.05).
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TABLE 6: Regression equations related to the tieguired for the induction and recovery
from anesthesia using (-)-caryophyllene oxideg@iol and (+)-spathulenol in silver catfish
juveniles. Stages are according to Gomes et al\Whgre y = time to reach the stage (s) and

X = concentration of the compound (Mg)LN = 6 for each concentration tested.

Isolated Induction Recovery
compound Stage 2 Stage 3a
(-)- Iny=0.769+ 35.066/x y=- y=2901.2-495.21x+
Caryophyllene r’=0.995 3873.656+874.635x- 27.753%-0.411%
oxide 48.433%+0.725% r’=1
r’=1
(-)-Guaiol Iny=1.18+0.039x Iny=3.42+17.2/%° y=1676.76-59.58x
r’=0.999 r’=0.999 +0.68x%
r’=1
(+)- y=28.28+6.333x-  y=453.198-11.955x-
Spathulenol 0.377%+0.005% 0.285%+0.007% -
r’=1 r’=1

- indicates that there is no significant relatiapsh
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FIGURE 2. Time required for the induction of sedatiand anesthesia in silver catfish
submitted to (+) spathulenol (51.20 mg)Lin comparison with eugenol (50 mg'L Stages

are according to Gomes et al. (7). Maximum obseawmaime was 30 min. N= 6 for each
concentration tested. Data are expressed as me&fM. Different letters indicate a
significant difference between the different praduat the same stage using t-test (P<0.05).
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7 CONCLUSOES

Apbs estudo do 6leo essencial obtido das follessais déloysia gratissimdGillies

& Hook) Troncoso pode ser concluido que:

- O 6leo essencial demonstrou atividade sedativaomezentracdo de 90 mg'le
atividade anestésica nas concentraces de 300 m§00" em peixes da espécie

Rhamdia quelen.

- O Oleo essencial promoveu alguns efeitos adversasforma de contracdes

musculares involuntarias, durante inducéo e reaggerda anestesia;
- O Oleo essencial ndo apresentou efeitos solbmeima acetilcolinesterase;

- A E-(-)-pinocanfona e o (-)-6xido de cariofileno forarm constituintes responsaveis
pelos efeitos adversos observados com o 06leo eskeAdicionalmente, o (+)-
espatulenol apresentou atividade anestésica enemivacdo maior que a presente no
O0leo essencial, enquanto o (-)-guaiol apresentoenag ac¢do sedativa nas
concentracOes testadas. Dessa forma, concentragdeses de (+)-espatulenol, bem
como, baixas concentracdes ou auséncia Edg)-pinocanfona e (-)-6xido de

cariofileno poderiam contribuir para melhorar aidade anestésica do 6leo essencial;

- O ¢6leo essencial, com a composi¢cdo quimica dasoeste trabalho, deve ser
utilizado com cuidado como sedativo e anestésicojerdias devido aos efeitos

adversos observados;

- O (+)-espatulenol, devido a eficacia e seguralegaonstradas, pode ser considerado

um composto anestésico promissor.
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ANEXO 1: Cromatograma do 6leo essencial daloysia gratissima (Gillies & Hook.) Troncoso.
Auchlnce

TIC Bo8100a Chcataans

P: E-(-)-pinocanfonaSp: (+)-espatulenolCO: (-)-6xido de cariofilenoGu: (-)-guaiol.
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ANEXO 2: Espectro de massas d&-(-)-pinocanfona (NIST, 2002).
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ANEXO 3: Espectro de RMN*H da E-(-)-pinocanfona (400 MHz, CDC}).
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ANEXO 4: Ampliacéo do espectro de RMN'H da E-(-)-pinocanfona (400 MHz, CDC}).
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ANEXO 5: Ampliacédo do espectro de RMN'H da E-(-)-pinocanfona (400 MHz, CDC}).
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ANEXO 6: Espectro de RMN*®C da E-(-)-pinocanfona (100 MHz, CDC}).
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ANEXO 7: Espectro de RMN**C-DEPT da E-(-)-pinocanfona (100 MHz, CDC}).
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ANEXO 8: Espectro de massas do (-)-6xido de caritdno (NIST, 2002).
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ANEXO 9: Espectro de RMN*H do (-)-6xido de cariofileno (400 MHz, CDCJ).
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ANEXO 10: Ampliacdo do espectro de RMNH do (-)-6xido de cariofileno (400 MHz, CDGJ).
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ANEXO 11: Espectro de RMN**C do (-)-6xido de cariofileno (100 MHz, CDGJ).
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ANEXO 12: Espectro de RMN**C-DEPT do (-)-6xido de cariofileno (100 MHz, CDG)).
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ANEXO 13: Espectro de massas do (-)-guaiol (NIST0D2).
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ANEXO 14: Espectro de RMN'H do (-)-guaiol (400 MHz, CDC}).
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ANEXO 15: Ampliacdo do espectro de RMNH do (-)-guaiol (400 MHz, CDC}).
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ANEXO 16: Espectro de RMN**C do (-)-guaiol (100 MHz, CDC}).
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ANEXO 17: Espectro de RMN**C-DEPT do (-)-guaiol (100 MHz, CDC}).
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ANEXO 18: Espectro de massas do (+)-espatulenol (8IT, 2002).
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ANEXO 19: Espectro de RMN'H do (+)-espatulenol (400 MHz, CDG).
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ANEXO 20: Ampliacdo do espectro de RMNH do (+)-espatulenol (400 MHz, CDG).
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ANEXO 21.:

Espectro de RMN*C do (+)-espatulenol (100 MHz, CDG).
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ANEXO 22: Espectro de RMN**C-DEPT do (+)-espatulenol (100 MHz, CDG).
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