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RESUMO
Dissertacdo de Mestrado
Programa de Pos-Graduagédo em Farmacologia
Universidade Federal de Santa Maria

ANESTESIA DE JUNDIAS CINZAS E ALBINOS EM BANHO DE | MERSAO COM
METANOSULFONATO DE TRICAINA OU PROPOFOL
AUTORA: LUCIANE TOUREM GRESSLER
ORIENTADOR: BERNARDO BALDISSEROTTO
Data e Local da Defesa: Santa Maria, 15 de dezedead11.

A eficacia da anestesia em banho de imersédo coanomilfonato de tricaina ou propofol
em jundiaRhamdia queleffioi avaliada através de tempos de inducdo e reag@e anestésica e
observacdo de mortalidade. Foram realizados dpss tde comparagfes: um contrastando
jundias cinzas de trés tamanhos e outro compardngd®e variedades da espécie, albina e cinza.
Para metanosulfonato de tricaina, ndo houve relag@fmrme entre tempos de indugédo e
recuperacao e tamanho dos jundias. Os peixes diozaa mais sensiveis ao anestésico do que
os albinos e a recuperagdo também ocorreu maigdarapnte nos animais cinzas. Inducao
anestésica com propofol apresentou relacdo diogtacctamanho dos peixes, sendo 0s pequenos
0S primeiros a atingirem o estagio de anestesia. flidobservado padréo uniforme entre os
diferentes tamanhos de peixe na recuperacao. Ptapdiiziu anestesia mais rapidamente nos
peixes cinzas do que nos albinos, mas néo foi whdarrelacao direta entre as duas variedades
na recuperacao. Nao houve mortalidade ao longoxperienento. Este estudo descreve um uso
novo, eficiente e pratico de propofol como anestépara banho de imersdo em peixes, bem
como o primeiro relato de anestesia de jundia ceta agente. Os melhores resultados com
propofol foram registrados na comparacao entreifsntinzas de diferentes tamanhos, indicando
12 mg.L* como a concentracdo mais eficaz para anestesjeiias pequenos e 10 mg.tomo
a mais eficiente para os peixes médios e grandms. r€lacdo ao metanosulfonato de tricaina,
300 mg.L* promoveu resultados satisfatérios para anestesigpeiaes grandes na comparacao
entre tamanhos e para anestesia dos albinos naacagép entre variedades. Nesta Ultima, os
jundias cinzas responderam melhor a concentracd®@eng.L*. Estes resultados demonstram
ser essencial considerar tamanho e variacdo gargi@ndo opta-se por anestesiar jundias em
banho de imersdo com metanosulfonato de tricaimmanpofol.
Palavras-chave:Anestésico. Banho. Cinza. Albino.



ABSTRACT

Master’s degree dissertation
Postgraduate program in Pharmacology
Universidade Federal de Santa Maria

IMMERSION ANESTHESIA OF GREY AND ALBINO SILVER CATF ISH
WITH TRICAINE METHANESULFONATE OR PROPOFOL
AUTHOR: LUCIANE TOUREM GRESSLER
ADVISER: BERNARDO BALDISSEROTTO
Date and place of defense: Santa Maria, Decemh&(13..

The efficacy of immersion anaesthesia with trieamethanesulfonate or propofol on
silver catfish Rhamdia quelenwas assessed through induction and recovery tiares
observation of mortality. Two types of comparisevere conducted: one contrasting grey silver
catfish of three size ranges and another companagstrains of the species, albino and grey. For
tricaine methanesulfonate, there was no unifor@atiaiship between the induction and recovery
times and the size of the grey silver catfish. Trey animals were more sensitive to the
anaesthetic than the albinos were, and recoveryalgasfaster in the grey fish group. Induction
of propofol anaesthesia had a direct relationshigh wize, with the small animals reaching
anaesthesia stage earlier. No uniform pattern Wwasreed for recovery among the three different
sizes. Propofol promoted faster anaesthesia g animals than in the albinos, but no direct
relationship was observed for recovery betweersttans. No mortality was detected throughout
the experiment. This study reports a novel, efficiand practical use of propofol as an
immersion anaesthetic for fish and notes the finse that silver catfish have been anesthetised
with such an agent. The best outcomes with propofete registered in the size range
comparison, indicating that 12 mg'lis the most efficient concentration to anesthetigsesmall
fish and that 10 mg:t is a more appropriate concentration for anaesthesthe medium and
large animals. With regard to tricaine methaneslfe, 300 mg.t: promoted satisfactory results
for anaesthesia of the large fish in the size raogmparison and the albino in the strain
comparison. The grey fish responded better to 1@0LThof the anaesthetic in the latter
evaluation. These findings show that it is essetdi@onsider size and strain when anesthetising

silver catfish with tricaine methanesulfonate aygmfol bath solution.

Key-words: Anaesthetic. Bath. Grey. Albino.



SUMARIO

1 INTRODUGAO........coooioioecreee..
2 REVISAO BIBLIOGRAFICA ........
2.10jundi@........coovvviiiiiiiie e
2.2 Anestesia de pPeiXes.........cceuvviieeeeirennns

2.2.1 Fatores que influenciam na eficacia da aBi@Ste...............uvvvvrviiiiiiiniennnnns -

2.2.2 Mecanismo de anestesia..................

2.2.3 Resposta ao estresse e o0 papel da anesiesga hloqUEIO............vvvvvvviviieescueens

2.2.4 Métodos de anestesSia.......ccoccoeevveeennn

2.2.5 Indugéo e recuperacdo anestésica na anestedianho de imersao................cu....

2.2.6 ANESIESICOS...ucevnieeeeee e e e e e e

07
09

09
09
10
11
12
13
15
16
17
18
20
53

55



1 INTRODUCAO

O jundia Rhamdia quelenHeptapteridae, € um teleésteo de agua doce ecalétoi
sudeste do México ao centro da Argentina (BALDISSERO, 2004). Tem grande importancia
econbmica no Rio Grande do Sul, onde é largameiiizado nos viveiros de piscicultura e
possui boa aceitacao pelo mercado consumidor (CARE2004; BALDISSEROTTO, 2009).

A manutencao de peixes em ambientes artificiaiseregraticas que assegurem o bem-
estar dos animais, especialmente durante rotinasadgulacdo, que podem representar periodos
de estresse excessivo (WEBER et al., 2009). Atetalareste requisito, € possivel maximizar a
producdo e assim garantir a lucratividade (GOMESalet 2000; BARTON, 2002). Neste
contexto, anestésicos representam uma ferramehta(educdo da excitacdo em peixes, além
de indubitavelmente facilitarem o manejo (ROSS, BOZ08). Protocolos empregando tais
agentes neste grupo de animais vém sendo largarestitdados pela comunidade cientifica
mundial (VELASCO-SANTAMARIA, PALACIOS-RUIZ, CRUZ-CSALLAS, 2008; ZAHL et
al., 2009; MULCAHY et al., 2011; MURRAY, 2010). N®rasil, no entanto, ndo existem leis
que regulamentem o uso de anestésicos para pserey as recomendacdes da Food and Drug
Administration (FDA, EUA) normalmente seguidas (RBALH et al., 2005).

O metanosulfonato de tricaina € um anestésico raimelnte difundido para peixes,
sendo aprovado para uso nos animais destinadosrsamo humano pela FDA (HADFIELD,
WHITAKER, CLAYTON, 2007; VELISEK et al.,, 2009; CARAR, WOODLEY, BROWN,
2011). Porém, ndo € comercializado no Brasil e da&as de importacdo sdo proibitivas
(ROUBACH, GOMES, 2001). Por esta razao, busca-sdbelecer protocolos viaveis para uso na
anestesia de peixes no pais, subsidiando autosideglponsaveis, comités de ética em
experimentacdo animal e também o mercado de caaresexportacdo (SIMOES, GOMES,
2009). Fundamentalmente, o objetivo € a minimizad@estresse imposto aos peixes desde o
manejo de criacdo até a linha de abate, bem coramb@&nte de pesquisa.

O anestésico propofol é amplamente utilizado nosiBa no mundo para indugéo
anestésica intravenosa, tanto na medicina vetezinamo na humana (BORIN, CRIVELENTI,
LIMA, 2010; HIPPALGAONKAR, MAJUMDAR, KANSARA, 2010;MULCAHY et al., 2011).

No entanto, sua aplicacdo em peixes tem sido npaitwo explorada (FLEMING et al., 2003;



MILLER, MITCHELL, HEATLEY, 2005; NEIFFER, STAMPER2009), representando uma
alternativa em potencial para o estudo do seuamsbém nesta classe de animais.

Diversas variaveis biéticas e abioticas podem afeteesultado da anestesia em peixes
(ROSS, ROSS, 2008). Em termos biol6gicos, difererigaaespecificas como tamanho, taxa
metabdlica, area branquial, quantidade de gordomaocal e variacdo genética sao alguns dos
fatores a serem considerados quando opta-se pepsegm de um anestésico (COYLE,
DURBOROW, TIDWELL, 2004).

O presente trabalho faz uma breve referéncia &stesia de peixes, expondo
consideracdes a cerca do procedimento e dos anestégetanosulfonato de tricaina e propofol,
além de descrever o jundia, peixe foco desta igaEsio. O contraste entre 0s anestésicos
também é o alvo do estudo relatado no manuscritomérsion anesthesia with tricaine
methanesulfonate or propofol for different sizesl atrains of silver catfish”, submetido a

periédico B2 nas Ciéncias Bioldgicas Il.



2 REVISAO BIBLIOGRAFICA

2.1 O jundia

O jundia Rhamdia quelen Heptapteridae, ¢ um peixe de couro que habita
preferencialmente aguas mais calmas e profundassia@lo sudeste do México ao centro da
Argentina (BALDISSEROTTO, 2004). Sua coloracdo aade marrom avermelhado claro a
cinza ardosia, porém a variedade albina também g&dencontrada, especialmente em cativeiro,
recebendo grande interesse como peixe ornamentaVIES et al., 2000; BALDISSEROTTO,
2009). Apesar de ser onivoro, o jundia apresentitecia piscivora, mas também se alimenta de
crustaceos, insetos, restos vegetais e detriténioas (GUEDES, 1980; MEURER, ZANIBONI
FILHO, 1997).

Dentre as espécies de peixes de agua doce cultimadarasil, o jundia destaca-se por ser
bem adaptado a diferentes ambientes e ao alimeritficial extrusado ou flutuante,
provavelmente por sua caracteristica rusticidadaregenta bons resultados em viveiros de
piscicultura no sul do pais, onde é bem aceito pelcado consumidor, tanto para a alimentacao
direta quanto para a pesca esportiva (CARNEIRO4R00 jundia tem sido foco constante de
pesquisadores em diversas linhas de pesquisa (BRARTE et al., 2006; CUNHA et al., 2010a;
GARCIA et al., 2011).

2.2 Anestesia de peixes

A anestesia € uma aliada da piscicultura, sendzada para reduzir o estresse em
praticas como extrusdo de ovos, biometria e tratsp@PIRHONEN, SCHRECK, 2003;
YANONG, 2006; PEREIRA-DA-SILVA et al., 2009). Estecurso reduz a hipermotilidade dos
peixes, possibilitando a realizacdo de intervengdesos lesivas, minimizando a intensidade de

estresse imposto aos mesmos e a ocorréncia de fisicos, protegendo suas fungdes vitais e



10

fisiologicas (COOKE et al., 2004). Previnem-sejrasinconvenientes como perdas de apetite e
de peso, reducéo no crescimento e aparecimentoetheas (BARCELLOS et al., 2000).

No entanto, apesar de ser dificil distinguir ostesediretos do procedimento anestésico
daqueles gerados em decorréncia da captura e dgjanaabe-se que a anestgsia sepode
constituir um fator estressante em potencial (WAGNERNDT, HILTON, 2002; PIRHONEN,
SCHRECK, 2003; BOLASINA, 2006). Por esta razado, etedninacdo de concentragdes
apropriadas do anestésico em funcdo das carac@sisio peixe a ser anestesiado é de

fundamental importancia, minimizando, assim, o icpdisiolégico (PARK et al., 2008).

2.2.1 Fatores que influenciam na eficacia da asieste

Diversos fatores ambientais e biologicos podenaaefarmacodinamica dos anestésicos
em peixes (CARTER, WOODLEY, BROWN, 2011). Em seamnao de influéncias do ambiente,
temperatura, pH, salinidade, dureza e oxigénicmbisl sdo caracteristicas da agua capazes de
interferir no resultado do procedimento anestés{@UJRKA et al.,, 1997; COYLE,
DURBOROW, TIDWELL, 2004; GOMES et al., 2011).

Com relagdo a aspectos bioldgicos, diferencas iaténtraespécie podem deflagrar
marcadas divergéncias. Entre as espécies, variagdEgmato do corpo e no tamanho da area
branquial, além do habito (ativo/sedentario), sé&ponsaveis por discrepancias entre estudos
empregando o mesmo anestésico em individuos denliés espécies, porém de mesmo tamanho
(COYLE, DURBOROW, TIDWELL, 2004; ROSS, ROSS, 2008 em uma mesma espécie,
taxa metabdlica, maturidade sexual, porcentagem gdedura corporal, relacdo area
branquial/peso corporal, estado de saude, varigeética e tamanho configuram algumas
caracteristicas que devem ser observadas na esgelhan anestésico e sua concentracao
(ROUBACH, GOMES, 2001; ROSS, ROSS, 2008).

Dentre as variagdes na genética dos peixes, asatimrparece ndo ser prejudicial para o
crescimento e sobrevivéncia ldéalurus punctatussegundo Bondari (1984). Este autor salientou
ainda que peixes albinos ndo devem ser considemaaigsfortes ou mais fracos do que peixes de

pigmentacdo normal. Olsen, Einarsdottir e NilsskE99%), no entanto, sugeriram que diferencas
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genéticas entre variedades da mesma espécie de pedem deflagrar distingdo no
comportamento e na fisiologia dos animais. Quanttiférenca no tamanho dos peixes, estes
mesmos autores observaram marcada alteracdo necipot@& um dado anestésico entre salmdes
adultos adaptados a agua salgada e juvenis maetda@gua doce, concluindo que o tamanho foi
crucial na determinagcdo da indugcdo mais rapidgpdoses maiores, apesar da qualidade da agua
também variar. Por outro lado, alguns autores diseo da dependéncia entre tamanho do peixe
e tempo de inducdo anestésica (WALSH, PEASE, 200Q0DY, NELSON, RAMSTAD,
2002).

2.2.2 Mecanismo de anestesia

Anestésicos sdo agentes quimicos ou fisicos qoeepamente induzem efeito calmante,
seguido por perda de equilibrio, de mobilidadecdesciéncia e, finalmente, de acao reflexa
(ROSS, ROSS, 2008). Esses efeitos ocorrem quandganismo € exposto a um agente em altas
concentracdes ou por periodos prolongados. O amstdeve apresentar rapida acdo depressora
sobre o sistema nervoso central (SNC), sem congplesaposteriores para o peixe (HSEU et al.,
1998).

Segundo Ross e Ross (2008), ocorre uma depressé@miigada do SNC por uma acao
nos axonios através da liberacdo de neurotransregssol por alteracdes na permeabilidade de
membrana, ou ainda uma combinacdo destas agdes. &gsres salientaram que o modo preciso
de acdo de anestésicos em invertebrados e peixessde mais amplamente elucidado. No
entanto, relataram que, com alguns farmacos, pdneser uma relacdo inversa entre a
concentracdo necessdéria para induzir certo esthigistésico e a posicdo filogenética dos
animais, o que faz com que um peixe necessite wnaeotracdo maior do que a de um
mamifero para produzir o efeito desejado. Isso pedexplicado por um fendmeno relacionado
a evolucao de mecanismos moleculares, podendoosee@uéncia da presenca aumentada de

sitios ativos para determinadas formas molecutamswvertebrados superiores.
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2.2.3 Resposta ao estresse e 0 papel da anesiessa bloqueio

A resposta ao estresse € um mecanismo adaptatev@agsibilita ao peixe lidar com
disturbios enddgenos e exdégenos (IWAMA et al., J983ta resposta engloba alteracdes do
nivel comportamental ao molecular, sendo que dtegkuda interacdo entre as mudancgas no
organismo e o fator estressor determina o sucess®@ dracasso no restabelecimento da
homeostase (BARTON, 2002). Sinais externos de ss&treeferem-se a mudanca marcada na
coloracao, ataxia, taquiventilagdo e natacéo eaapior exemplo, enquanto os internos incluem
efeitos hormonais e hematoldgicos, entre outrosSR@ROSS, 2008).

O sistema neuroenddécrino é o principal mecanismaoadrole do estresse em peixes,
configurando a resposta primaria (MARICCHIOLO, GEXESE, 2011). Dois grupamentos
celulares localizados na glandula interrenal, cforeae interrenais, sao responsaveis pela
producédo de catecolaminas e cortisol, respectivenéWENDELAAR BONGA, 1997).
Pankhurst (2010) descreveu a resposta primaria stesee em teledsteos como bifasica,
compreendendo inicialmente uma laténcia curta gaeahaja o aumento transitério nos niveis
circulantes de catecolaminas, seguida de uma latémais longa para desencadear a elevacéo
dos niveis de cortisol no plasma, porém de efedis muradouro.

Apesar da resposta ao estresse ser uma adaptagiontil para que este tolere certas
mudancgas, ha fortes indicios de que tal respostsaprausar efeitos maléficos no peixe (ROSS,
ROSS, 2008). O aumento no nivel de cortisol plasmateprime a capacidade imunolégica de
peixes, propiciando o acometimento de doencas ifaras, infec¢cbes bacterianas e
enfermidades virais e fungicas, acarretando pestambmicas relevantes. Além disso, as
respostas secundarias ao estresse, como aumenfadites de glicose e lactato circulantes,
indicativos de mobilizacdo e metabolizacdo de gkeno, estdo associadas com ma qualidade e
aparecimento de rigor nos filés (MAULE et al.,, 19889CKERING, POTTINGER, 1989;
ROTLLANT et al., 2001; SKJERVOLD et al., 2001; DAY GRIFFIN, GRAY, 2003).

Quando as respostas primarias e secundarias séicddsadas, ha comprometimento do
metabolismo, do crescimento, da reproducao e dstémesia a doencas, alterando o desempenho

e afetando adversamente a sobrevivéncia. E a deadeniresposta terciaria, deflagrada por
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estresse severo ou crénico e que reduz exponercitdno bem-estar do peixe (PICKERING,
POTTINGER, 1989; BARTON, 2002).

Segundo alguns autores, 0 anestésico ideal dessuipa capacidade de bloquear ou
reduzir a estimulacdo do eixo hipotalamo-hipofisedirenal (HHI) frente ao estresse, atenuando
a resposta do animal (OLSEN, EINARSDOTTIR, NILSSEN95; KEENE et al., 1998;
SMALL, 2003). Em contrapartida, estudos reportamst#sicos como causadores de estresse nos
peixes, diretamente via estimulacao do eixo HHinoliretamente devido a baixa disponibilidade
de oxigénio durante o procedimento anestésico padatilacdo branquial insuficiente
(BOLASINA, 2006).

No entanto, a secre¢do de cortisol € parte natiaraesposta do organismo ao estimulo
estressor e pode nao causar danos ao peixe. Nadeerd estresse pode ser benéfico para a
sobrevivéncia, particularmente quando induz respoaguda, deflagrada a partir de
procedimentos anestésicos, por exemplo (DAVIS, G 2004). Ainda, o estresse agudo
causado por anestésicos pode ser menos nocivoedosgdanos fisicos que seriam impostos a
peixes ndo anestesiados durante procedimentos g@mejo e transporte (BOLASINA, 2006).
Barton e Iwama (1991) afirmaram que sé quando @neki estressor € muito severo ou
duradouro € que ha um comprometimento dos mecasifigioldégicos de resposta, tornando-os

mal-adaptativos e determinando o chamado distrestesim prejudicial & satde do animal.

2.2.4 Métodos de anestesia

Tipicamente, anestesia de peixes é feita em baalmersao e, para isso, 0s anestésicos
devem ser sollveis em &gua. Entretanto, algunstegyesdio primeiramente dissolvidos em
solvente organico para depois serem diluidos namaefNEIFFER, STAMPER, 2009).
Anestésicos inalatérios, como g@odem ser borbulhados na agua para produziresigestm
peixes. No entanto, sua concentracdo final no rdeianducao pode ser de dificil controle
(GELWICKS, ZAFFT, 1998).

Dependendo do anestésico, alguma absorcdo podeeoairavés da pele, mas as

branquias sdo o principal caminho de entrada esgdiorde anestésicos administrados na agua
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(HUNN, ALLEN, 1974; NEIFFER, STAMPER, 2009). As Inuias e a pele possuem grandes
quantidades de lipidios, sendo que a eficacia saredo dos agentes através destas superficies
esta diretamente relacionada a lipossolubilidade desmos, o que determina a velocidade de
passagem ao SNC (WALSH, PEASE, 2002). Igualmerdtrds que afetem a ventilacdo
branquial, como a temperatura, podem comprometeficéicia do anestésico e também a
eliminacéo de seus residuos (ROSS, ROSS, 2008).

A eliminacao total dos residuos é fundamental, wem que podem afetar o sabor do
peixe quando este for consumido (MARKING, MEYER839HIKASA et al., 1986; CUNHA et
al., 2010a). Para o metanosulfonato de tricainaeypemplo, a FDA exige um periodo de retirada
de 21 dias antes de o pescado estar apto parancormaumano (SCHNICK, MEYER, WALSH,
1986).

Tanto a solucdo de inducdo anestésica quanto oobdaehrecuperacdo devem ser
substituidos a cada pequeno lote de peixes. Nodaswducdo, deve-se garantir que 0s peixes
sejam expostos a concentracdes adequadas do aweslésno retorno da anestesia, 0s peixes
excretam metabdlitos dos farmacos na agua e estiesnpser reabsorvidos, prolongando o tempo
de recuperacdo (OIKAWA, TAKEDA, ITAZAWA, 1994). Panetros de qualidade da agua
também devem ser controlados durante todo o pnoesdd anestésico. Oxigénio dissolvido,
temperatura, pH e concentracdo de amoénia adeqsddoas principais preocupacdes, sendo a
altima reduzida quando ha jejum prévio de 12 a @$ (HARMS, BAKAL, 1995; NEIFFER,
STAMPER, 2009).

Os peixes também podem ser anestesiados por aspbrafiquial e pelas vias
intramuscular, intravascular e intracelémica, na&sjdo a pouca praticidade e a necessidade de
contencao fisica, tais vias em geral ndo se apl&aquicultura, ficando restritas a animais de
colecBes ou pesquisa laboratorial. A via oral éaoopc¢do, sendo 0 anestésico incorporado a
dieta. No entanto, a absorcao via intestinal pigdoo tempo de inducéo. Independente da via,
anestesia parenteral em peixes geralmente é iisuéice requer suplementagédo por meio de
banho de imersdo. Por fim, hipotermia e eletroasestsdo métodos ndo-quimicos usados para
imobilizar peixes (ROSS, ROSS, 2008; NEIFFER, STARP2009).
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2.2.5 Inducéo e recuperacdo anestésica na anestesianho de imerséo

Existem diversas classificacdes dos estagios dstesia em peixes (MCFARLAND,
1959; KEENE et al.,, 1998; WOODY, NELSON, RAMSTADQ@). Baseando-se nestas
indicacdes, é possivel restringir a progressaonéatesia ao estagio desejado de acordo com o
objetivo do procedimento, o que pode ser feito piettacdo no tempo de exposicdo ou na
concentracdo do anestésico (CARTER, WOODLEY, BROWZR11). Para transporte, por
exemplo, anestesia superficial € suficiente pacempver a imobilizagdo do animal, enquanto
anestesia geral torna-se imprescindivel em se nttatade uma intervencdo cirdrgica
(GILDERHUS, MARKING, 1987).

De acordo com Schoettger e Julin (1967), sdo oiscestagios de anestesia em peixes,
evidenciados por mudancas comportamentais visigsestagio 1, sedacdo leve, ha perda
parcial da reacdo aos estimulos externos; no esfagiedacdo profunda, ha perda parcial do
equilibrio, sem nenhuma reacédo aos estimulos @deos estagios 3a e 3b referem-se a perda
total do equilibrio, sendo que no primeiro os pgixieam mas retém a habilidade de natacdo e no
segundo esta habilidade é perdida, mas o peixa agsgponde a pressdo no pedunculo caudal; no
estagio 4, anestesia, ha perda da atividade reffexa nenhuma reacdo aos estimulos externos,
mesmo aos fortes; e no 5, colapso medular, o maxorespiratorio cessa e o0 peixe morre.

No entanto, dependendo da espécie de peixe, dstéaim® utilizado e de sua
concentracdo, as mudancas podem ndo ser demossseglzencialmente ou na sua totalidade,
ou ainda podem estar ligadas ao comportamento hatmaspécie. Perda de equilibrio, por
exemplo, pode representar resposta adaptativeedi@nam estimulo estressor (FLEMING et al.,
2003; NEIFFER, STAMPER, 2009). Com o uso do anistéapropriado na concentracao
indicada para a espécie, o periodo de inducdo dewdimitado a 3 minutos, evitando-se
alteracdes fisiologicas excessivas (MOMMSEN, VIJAYAMOON, 1999; PARK et al., 2003).

A recuperacdo da anestesia refere-se ao térmieamssicdo do peixe ao anestésico e é
feita em agua livre de farmaco, estando a boca aelgeporientada para o fluxo de agua
(NEIFFER, STAMPER, 2009). O tempo considerado ideata que O peixe apresente as
caracteristicas pré-procedimento (ventilacdo, @atagequilibrio, por exemplo) € de no maximo
10 minutos (STEHLY, GINGERICH, 1999; PARK et al.0(B). Pode-se promover uma
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aceleracdo na retomada do equilibrio através dss leatidas no aquario, estimulando os axénios

de Mauthner que por sua vez excitam os nervos BR{®ROSS, ROSS, 2008).

2.2.6 Anestésicos

Segundo os critérios de eficiéncia recomendadodVaoking e Meyer (1985) e Ross e
Ross (2008), um anestésico deve ser eficaz emshaoraentracdes e apresentar toxicidade em
concentracdes muito superiores as efetivas. Sualhescbaseia-se nos critérios de
disponibilidade, custo, facilidade de utilizacd@tureza do procedimento e seguranca para
usuario e ambiente (IVERSEN et al., 2003; PIRHONENHRECK, 2003).

Os anestésicos sintéticos comumente empregadosestesia em banho de imersdo de
peixes sdo o metanosulfonato de tricaina, a befimca quinaldina e o 2-fenoxietanol (GOMES
et al., 2001; LEWBART, 2005; MYLONAS et al., 200®)stes compostos possuem indiscutivel
acdo anestésica e sdo amplamente empregados. altoenpodem causar perda de muco,
irritacdo nas branquias, danos a cérnea e redugdpratecdo do peixe contra patdogenos
oportunistas, além de possiveis efeitos delet@éiagsmanuseadores e nos consumidores de peixe
(BERNSTEIN, DIGRE, CREEL, 1997; KEENE et al., 19980QUE, NETO, MORAES, 2003).

Existem ainda diversos anestésicos de origem nague vém sendo utilizados para
anestesiar peixes em banho de imersdo, como o Iheeteugenol, além de 6leos essenciais
extraidos de plantas comAloysia triphylla e Lippia alba (FACANHA, GOMES, 2005;
VELISEK et al., 2005; CUNHA et al., 2010b; PARODI al., submetido). Os anestésicos
sintéticos mais utilizados para anestesiar peixes ypa parenteral sdo a lidocaina, o
pentobarbital, a quetamina, o metomidato e o pappbrém sdo empregados em menor escala
do que o banho de imersdo (FLEMING et al., 2003WWHART, 2005; MULCAHY et al.,
2011).
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2.2.6.1 Metanosulfonato de tricaina

Metanosulfonato de tricaina (acido 3-aminobenzétdaster metanosulfonato, MS222) é
um anestésico local de uso bem estabelecido eneeaxfibios e outros animais ectotermos
para anestesia em banho de imersdo (HIKASA efid86; CORDOVA, BRAUN, 2007). Sua
gualidade anestésica para peixes foi reconhecida92® e desde entdo tem sido extensamente
empregado na anestesia de uma ampla variedadeéeaess(PALMER, MENSINGER, 2004;
KIESSLING et al., 2009; ZAHL et al., 2010; MATSCHE)11). Sua apresentacao € na forma de
pd branco, sendo este altamente solivel em ag@Ws| 2011). Por ndo ser comercialmente
disponivel no Brasil e apresentar alto custo deomagdo, seu uso no pais torna-se limitado
(ROUBACH, GOMES, VAL, 2001).

De acordo com Gilderhus e Marking (1987), metarfosato de tricaina apresenta grande
qualidade anestésica por promover rapidas indugdeuperacdo. E absorvido principalmente
através branquias, atinge a corrente sanguineaapidgamente distribuido, metabolizado pelo
figado e excretado, primariamente pela mesma vabdercdo (HUNN, ALLEN, 1974; BURKA
et al., 1997).

Devido a grande solubilidade em lipidios, o metalforato de tricaina penetra
facilmente no interior das células, liga-se aosasade N& e inibe a entrada deste no nervo,
bloqueando a hiperpolarizagdo assim como os deamgstésicos locais. Por consequéncia, a
excitabilidade da membrana nervosa fica limitgdéldNN, ALLEN, 1974; HIKASA et al., 1986;
BUTTERWORTH, STRICHARTZ, 1990).

Quando concentracdes de metanosulfonato de tricaiB80 mg.' sdo usadas em
sistemas com alcalinidade < 50 m§.CaCQ, as solucdes do anestésico apresentam natureza
acida, fazendo necessario o uso de agentes (NaH@&D exemplo) para neutralizar o pH
(PALMER, MESINGER, 2004). Isto promoveria eficAc@mestésica e preveniria acidemia
metabdlica (FERREIRA, SCHOONBEE, SMIT, 1984; MURRAX002).

Hipoxemia, hipercapnia, acidose respiratoria e rigigeemia, bem como alteracdes nos
niveis de hemoglobina, hematdcrito e ions, tém sgortados em algumas espécies de peixes
apos o uso de metanosulfonato de tricaina (IWAMAGEER, PAWLUK, 1989; SLADKY et
al., 2001; DAVIS, GRIFFIN, 2004). Este agente possna boa margem de seguranca, mas esta



18

pode diminuir em aguas moles e de temperatura ddevespecialmente em peixes jovens
(GILDERHUS, MARKING, 1987; ROUBACH, GOMES, VAL, 20Q COYLE, DURBOROW,
TIDWELL, 2004). De acordo com a American Veterindgdical Association (AVMA, 2007),
0 metanosulfonato de tricaina é recomendado pamatanasia de peixes. A resolugdo n° 714
(2002) do Conselho Federal de Medicina Veterintmmbém preconiza 0 uso deste anestésico

para eutanaziar peixes, apesar de ndo estar digppara aquisicdo no pais.

2.2.6.2 Propofol

Propofol (2,6 diisopropilfenol) é um anestésictramenoso utilizado mundialmente na
anestesia de mamiferos, aves, répteis e anfibéms, @e ser amplamente utilizado na medicina
humana (MACLEAN, HARMS, BRAUN-MCNEILL, 2008; BORINCRIVELENTI, LIMA,
2010; HIPPALGAONKAR, MAJUMDAR, KANSARA, 2010; MULCAY et al., 2011). No
entanto, dor a aplicacdo € regularmente obsenesgeecialmente se forem utilizadas pequenas
veias periféricas (NATHANSON, GAJRAJ, RUSSELL, 19®WBOENICKE et al., 1997). O uso
intraceldmico também foi descrito em animais, porésta relacionado com risco de dano
visceral e tempos de inducao inconsistentes, umauwe o farmaco deve ultrapassar a superficie
serosa das visceras (MITCHELL, 2009; NEIFFER, STARP2009). Administracdo intradssea
de propofol foi igualmente reportada, sendo a tb@fémur os locais de eleicdo (MITCHELL,
2009). Propofol esta disponivel como emulsdo aquissacoloracdo opaca esbranquicada
(HIPPALGAONKAR, MAJUMDAR, KANSARA, 2010).

A natureza lipofilica do propofol permite extensaptacdo pelo SNC resultando em
inducbes rapidas, sendo prontamente redistribuédoédebro para outros tecidos e em seguida
removido do plasma pelo metabolismo (SEBEL, LONDOI89; BRYSON, FULTON,
FAULDS, 1995; REES, HILL, 1996; FLEMING et al., 280 Devido a depuracao corpOrea total
do farmaco ser rapida e exceder o fluxo sanguiepatlto, acredita-se que outros tecidos, além
deste, sejam responséaveis por sua metabolizacdadb a excrecdo a cargo dos rins (Simons et

al., 1991; Veroli et al., 1992). Nao ha acumulagéanestésico no organismo e sua margem de
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seguranca é ampla (COURT et al., 2001; MURRAY, 2MBGER, VIIRA, 2003; MILLER,
MITCHELL, HEATLEY, 2005; MITCHELL, 2009).

A acdo do propofol é exercida por modulacdo pasitilo receptor subtipo A do
neurotransmissor inibitério GABA, GABAR (FOWLER et al.,, 2001; KRASOWSKI et al.,
2002). Este receptor esta presente no cérebrongedala espinhal, locais considerados criticos
para a perda de consciéncia e mobilidade, respentinte (BARNARD et al., 1998). E composto
por cinco subunidades homdlogas B, vy, € e n) dispostas em torno de um canal dedqbe se
abre apds a liberacdo do GABA nos neurdnios pipsicos, estando envolvido na regulacao da
vigilancia, tensao muscular e memaria (BAI et 2001; KRASOWSKI et al., 2002; MOHLER,
FRITSCHY, RUDOLPH et al., 2002; CAMPAGNA-SLATER, WA&YER, 2007; SAARI et al.,
2011). Baixas concentracbes de propofol poteneaiaizzas correntes de ‘Ghduzidas pelo
GABA, enquanto altas concentracdes do anestésicosizes de ativar estas correntes atraves
do receptor mesmo na auséncia do neurotransmiB&E(CLI et al.,, 1996; SANNA et al.,
1999; YAMAKURA et al., 2001). Alguns autores coresidm o sitio de ligacdo do propofol no
GABAAR como sendo uma tirosina no segmento M4 da suadei® (RICHARDSON et al.,
2007). Outros, em oposicao, postulam que o sitidigdgdo do farmaco no receptor € uma
metionina no segmento M3 da subunidadg KHRASOWSKI et al., 2001; BALI, AKABAS,
2003).

Ha relatos de que o propofol possa induzir efellepressores sobre os sistemas
cardiovascular e respiratorio, mas que podem sen baerados por animais saudaveis
(GOODCHILD, SERRAO, 1989; ILKIW et al.,, 1992). Em@hiloscyllium plagiosum por
exemplo, a respiracdo e os batimentos cardiacogmsveram estaveis durante o procedimento
anestésico (MILLER, MITCHELL, HEATLEY, 2005). Alérdisso, devido a sua caracteristica
neutralidade, ndo é considerado um farmaco pas#vedhusar patologias, sendo reportado como
anestésico de baixa toxicidade em mamiferos (SH@RAFILAR, 1999; SHORT, YOUNG,
2004).

S&o poucos os estudos descrevendo o uso de propasoconcentracdes de 2,5 a 7,5
mg.kg", para inducdo anestésica intravenosa em peixeEMRIG et al., 2003; MILLER,
MITCHELL, HEATLEY, 2005; NEIFFER, STAMPER, 2009). coforme AVMA (2007),
propofol pode ser utilizado em associacdo com tarbds de acdo ultracurta na preparacdo para

eutanasia de peixes.
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ABSTRACT

The efficacy of immersion anaesthesia with tricamethanesulfonate or propofol on
silver catfish Rhamdia quelenwas assessed through induction and recovery tiares
observation of mortality. Two types of comparisevere conducted: one contrasting grey silver
catfish of three size ranges and another companagstrains of the species, albino and grey. For
tricaine methanesulfonate, there was no unifor@atiaiship between the induction and recovery
times and the size of the grey silver catfish. Trey animals were more sensitive to the
anaesthetic than the albinos were, and recoveryalgasfaster in the grey fish group. Induction
of propofol anaesthesia had a direct relationshigh wize, with the small animals reaching
anaesthesia stage earlier. No uniform pattern Wwasrged for recovery among the three different
sizes. Propofol promoted faster anaesthesia gt animals than in the albinos, but no direct
relationship was observed for recovery betweersttans. No mortality was detected throughout
the experiment. This study reports a novel, efficiand practical use of propofol as an
immersion anaesthetic for fish and notes the finse that silver catfish have been anesthetised
with such an agent. The best outcomes with propofete registered in the size range
comparison, indicating that 12 mg'lis the most efficient concentration to anesthetigesmall
fish and that 10 mg:t is a more appropriate concentration for anaesthesthe medium and
large animals. With regard to tricaine methaneslfe, 300 mg.t: promoted satisfactory results
for anaesthesia of the large fish in the size raogmparison and the albino in the strain
comparison. The grey fish responded better to 1@0L™of the anaesthetic in the latter
evaluation. These findings show that it is essetdi@aonsider size and strain when anesthetising
silver catfish with tricaine methanesulfonate aygmfol bath solution.

Key words: anaesthetic, bath, grey, albino
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1. INTRODUCTION

The welfare of fish has been increasingly considlénehe aquacultural setting. In search
of a means to minimise or to prevent stress, ahasist has become important for managing fish
(Stehly & Gingerich, 1999; Goncalvesal, 2008).

Tricaine methanesulfonate (3-aminobenzoicacid ets{ér methanesulfonate, MS222) is
currently the most broadly used fish anaesthetitiarapproved in the United States (Food and
Drug Administration 2011), Canada (Health Canadhl2@nd the United Kingdom (Veterinary
Medicines Directorate 2011) for some food fish sgcDespite it being a local anaesthetic, this
benzocaine-derived agent acts systemically wheorbbéd across the gill membranes (and the
skin in some species). Once it is in the gillscaime methanesulfonate rapidly enters the
bloodstream and is distributed throughout the bodydergoes hepatic and renal
biotransformation and is cleared mainly throughdhis and kidneys (Hunn & Allen, 1974; Sato
et al, 2000).

The effect of tricaine methanesulfonate is exertlecbugh a blockade of voltage-
dependent Nachannels on nerve membranes, making it non-coimdpand thus limiting nerve
membrane excitability (Frazier & Narahashi, 1978 tBrworth & Strichartz, 1990; Burket al,
1997; Baiet al, 2003). Frazier & Narahashi (1975) also reporéeduppression of the 'K
membrane ionic current by tricaine methanesulforedteeit to a lesser extent than that observed
for the Nd current. The high lipid solubility of tricaine nhenesulfonate facilitates nerve
inhibition, allowing it to move easily into the ta@hembrane to bind with Nachannels (Hunn &
Allen, 1974, Butterworth & Strichartz, 1990). Irsffi, tricaine methanesulfonate produces general

anaesthesia and inhibits neural signal transmissioging from the periphery to higher parts of
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the nervous system. However, tricaine methanesatéomechanism of action at the level of the
central nervous system is yet to be understood! @add., 2009).

Propofol (2,6 diisopropylphenol) is marketed woridey as a prototypical intravenous
drug for the anaesthesia of mammals, birds, egptiamphibians and fish (Carpenter, 2005;
Mulcahyet al, 2011). It presents pharmacokinetic advantagdasbtfonset and offset of action,
even after prolonged use, and a wide safety mg&gbel & London, 1989; Brysaet al, 1995;
Fleminget al, 2003). It is rapidly redistributed, readily metised (mainly by the liver) and
excreted through the kidneys and is noncumulativeuft, 2001; Murray, 2002; Milleet al,
2005).

Propofol is a strong positive modulator pfaminobutyric acid (GABA) subtype A
receptor (GABAR), chloride-permeable ligand-gated ion channelslired in the regulation of
vigilance, anxiety, muscle tension and memory perémce, and it is constructed from five
homologous subunits, 3,y, € andz (Trapaniet al, 2000; Franks, 2006; Bonin & Orser, 2008;
Saariet al, 2011). The subunits span the lipid membraneaaadarranged around a central ion
pore; this structure induces hyperpolarisation ugto the influx of Cl (Campagna-Slater &
Weaver, 2007). Propofol not only potentiates GABM&ed CI currents at lower concentrations,
but at higher concentrations, it also activatesc@irents through GABAR in the absence of the
neurotransmitter (Hales & Lambert, 1991; Orseal, 1994, Belelliet al, 1996; Baiet al, 1999;
Sannaet al, 1999; Yamakurat al, 2001). Sedative concentrations of this anadsthetiuce
neuronal activity prominently in cortical networksyhile hypnotic concentrations affect
subcortical structures, including the thalamus, brath reticular formation and possibly the
hypothalamus (Alkire & Haier, 2001; Veseéisal, 2004).

Silver catfishRhamdia quelerfQuoy & Gaimard, 1824) is a freshwater bony fishhwi

prominent sensitive barbels. This skin fish inhalgieep and calm river waters from southern
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Mexico to central Argentina, where it feeds at migispecially on other fish, despite being
omnivorous. The silver catfish supports valuablmeercial fisheries in southern Brazil, where
its husbandry is notably spreading (Gorakal.,, 2000; Baldisserotto, 2009).

Biological factors, such as age, size, weight, tlengody condition, ratio of gill area to
body weight, lipid content, strain, sex and sexuaturity, may influence anaesthetic efficacy in
fish, requiring concentration adjustments to achithe best outcomes of the procedure (O&ten
al., 1995; Burkeet al, 1997; Coyleet al, 2004; Ross & Ross, 2008; Gonetsal, 2011). For
these reasons, this study was aimed at evaluatiags¢hetic induction and recovery times in
three size ranges (grey fish only) and two stréatisino and grey fish) of silver catfish subjected
to bath anaesthesia with tricaine methanesulfonatpropofol, the latter being available for

purchase in Brazil. In addition, the mortality bétsubjects was also monitored.

2. MATERIALS AND METHODS

2.1 EXPERIMENTAL ANIMALS

Albino and grey silver catfish, without regard exswere obtained from a fish farm near
Santa Maria city, southern Brazil. They were housetbors in a semi-static system at the
Laboratory of Fish Physiology at Universidade Fatlde Santa Maria (UFSM), where the trials
would be later held. For the 7-day acclimation gerithe fish were placed in 250 L tanks with
approximately 200 L of fresh water that was con$yamerated by means of 20 W pumps and
airstones and were fed commercial pellets for oomoirs fish once a day. The water source for
acclimation, trials and post-experiment observatioras the same and its quality parameters

were 21 + 0.5 °C, pH 7.37 + 0.8 and dissolved ory§®& + 0.5 mg.L.
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The teleosts were allocated into five groups (Nef7€ach concentration): small (4.71 *
1.12 g and 8.23 £ 0.12 cm), medium (65.5 + 4.76\@ &8.72 + 0.29 cm) and large (155.74 +
2.45 g and 25.64 + 0.27 cm) grey silver catfishtfer size range comparison and albino (21.35 +
0.56 g and 13.87 £ 0.11 cm) and grey silver caifZh16 + 0.16 g and 13.98 + 0.15 cm) for the
strain assessment. This study was approved bytthesECommittee on Animal Experimentation

of UFSM under registration n° 46/2010.

2.2 DRUGS

Tricaine-SM (tricaine methanesulfonate; Western Chemical lRetndale, WA, US) and
Propofol (propofol; Cristalia, Itapira, SP, BR) weiobtained in the US and in Brazil,
respectively, and immersion anaesthesia was peefbmvith different concentrations of tricaine
methanesulfonate (50, 100, 150 and 300 Mpdr propofol (2.5, 5, 10 and 12 md'). Based on
the previous literature (Murray, 2002; Carpente02 Ross & Ross, 2008), tricaine
methanesulfonate concentrations were determinedpitot experiment. Propofol concentrations
were extrapolated from intravenous published d&tanfing et al, 2003; Milleret al, 2005;

Neiffer & Stamper, 2009) and were established pilat test.

2.3 INDUCTION AND RECOVERY TIMES

After withholding food for 24 hours, individual fiswere transferred to the induction
aguarium and observed for a maximum of 30 min.e@atoutlined in Schoettger & Julin (1967)
were followed to evaluate the stages of anaestli€alae 1). When the fish were deemed to have

reached stage 4, or after 30 min had elapsedgetigtH and weight of the subjects were rapidly
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measured. Maintenance was not performed and figle wemediately allowed to recover in
aguaria free of anaesthetic substances with theutims oriented towards the air flow. Recovery
was determined to be the time needed to restdredullibrium, normal breathing and swimming
and to regain responsiveness to external stimolih Bhduction and recovery were conducted in
10 L aquaria filled to 20 % of their capacity witbntinuously aerated fresh water. Following

recovery, fish were moved to the original 250 Lkgrand mortality was monitored for 24 h.

2.4 STATISTICAL ANALYSIS

Data are presented as the means * standard ertioe ofiean (SEM). A Levene test was
used to verify the homogeneity of variances. Thati@ship between anaesthetic concentration
and time to reach each anaesthetic stage or recaxare assessed by linear regressions using
Sigma Plot 11.0 software. A one-way ANOVA followbg Tukey's test (for the size range
comparison) and Student’s t-test (for the straimgarison) were applied if the data were
parametric. If the conditions for ANOVA were nottiséed, then the non-parametric Kruskal-
Wallis test, followed by multiple comparisons of ameranks, were used to compare among
different size groups, and a Mann-Whitney test used for the albino and grey comparison. All
analyses were performed with Statistica softwale &hd differences were considered significant

at P <0.05.
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3. RESULTS

Increased concentrations of anaesthetics propaitjodecreased the time required for
sedation and anaesthesia induction in most staggédas recovery (Table Il). All of the fish
recovered from anaesthesia within 30 min, and nmanmortality was registered in the course

of the experiment.

3.1 TRICAINE METHANESULFONATE

3.1.1 SIZE RANGE COMPARISON

At concentrations of 50 mg, the small fish reached stage 2 significantlyieathan the
medium ones, and the large fish did not differ framy of these two groups. Stage 3a was
achieved significantly earlier by the small andyafish and none of the groups induced deeper
than this stage. The small fish recovered signitigafaster than the large fish, but the time the
medium fish took to recover was not significanti§fetent from either the small or the large
animals (Figure 1A).

At concentrations of 100 mgl, the small and the large fish reached stages 23and
significantly earlier than the medium fish. The #infish reached stage 3b significantly faster
than the others and were the only ones to reade sta The medium and the large animals
showed a significantly faster recovery time (FiglB).

At concentrations of 150 mgl, the medium fish required more time to achieveesa?
and 4 than the small fish did. The large fish dod significantly differ from either of the other

two groups. Stages 3a and 3b were first reachatidogmall fish, then the large fish and finally
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by the medium fish, with significant differencesarg the group times. All the groups took the
same time to recover (Figure 1C).

At concentrations of 300 mgl. the large fish reached stage 2 first, followedthg
medium fish and lastly by the small animals, allhasignificantly different times. There was no
significant difference among the groups for theetitaken to reach stage 3a. The large fish took a
significantly shorter time to reach 3b when comgate the other two groups. Stage 4 was
reached significantly faster by the small and tdugé fish. The small fish took a significantly

longer time to recover compared to the other gr¢Emire 1D).

3.1.2 STRAIN COMPARISON

The grey animals reached all the stages of anagathignificantly faster than the albinos
did at all concentrations. Neither the albino rog grey fish induced as much as stage 3a at the
lowest concentration. This was also the only cotreéion at which the albinos recovered first

(Figure 2).

3.2 PROPOFOL

3.2.1 SIZE RANGE COMPARISON

At concentrations of 2.5 mg?, the small fish reached stages 2 and 3b significéaster

than the medium animals did, while the large fighmbt differ significantly from the other two

groups. The time taken to reach 3a was signifigatifferent among the three groups: the small

animals were the fastest, the large were the reste$t and the medium were the slowest. The
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small animals were the only group to reach stageithin 30 min. Recovery time was no
different between the groups (Figure 3A).

At concentrations of 5 mg, the small and medium fish reached stage 2 irifgigntly
less time than was needed by the large fish. Stage8b and 4 were reached first by the small
fish, significantly more quickly than the largeHjsvhile the time needed by the medium animals
did not differ from either of the other two groug$e medium animals recovered significantly
faster than the other groups (Figure 3B).

At concentrations of 10 mg?, the small and medium fish reached stages 2, 8klan a
significantly shorter time than was needed by @rgd animals. Stage 3a was reached by the
small fish significantly earlier than the large enhereas the medium animals did not present
significant differences from the other sizes. Thediam fish recovered first, significantly earlier
than the small ones, while the large animals shom@dignificant difference from the other
groups (Figure 3C).

At concentrations of 12 mg}, the small and the large fish reached stages 2arid a
statistically shorter time than was needed by tediom animals. To reach 3b and 4, the medium
and the large fish took a statistically longer tithan was required by the small fish. Recovery
was first completed by the small fish; these weéatisdtically faster than the medium and the large

animals (Figure 3D).

3.2.2 STRAIN COMPARISON

The grey fish reached all stages of anaesthedareb¢he albinos when exposed to

concentrations of 2.5 mg-L At concentrations of 5 mg, the grey induced stages 2, 3a and 4

first, and both strains achieved stage 3b at theegame. At concentrations of 10 m¢.Lthe grey
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animals reached stages 3a and 4 significantly befloe albino fish, but no difference was
observed in the time to reach stages 2 and 3boAtantrations of 12 mg, the grey animals
reached stages 3a, 3b and 4 significantly fastef,beth strains induced stage 2 simultaneously.
The grey animals recovered from concentrations.Bfaid 12 mg.Lt before the albinos, while
the latter recovered from 5 mg'lfirst. The time to recover from concentrationsl6fmg.L* did

not differ from one group to another (Figure 4).

4. DISCUSSION

4.1 TRICAINE METHANESULFONATE

4.1.1 SIZE RANGE COMPARISON

The best induction time results were registereBo@t mg.L"; the small and the large fish
induced anaesthesia in approximately 4 min. Thiddse to the 3 min or less recommended by
earlier reports as an ideal induction time (Gildesrt& Marking, 1987; Mommseat al, 1999;
Stehly & Gingerich, 1999; Part al, 2003; Ross & Ross, 2008). These authors mairiain
induction time should be achieved within this pdrito limit hypoxemia and acute stress
responses. At concentrations of 100 and 150 thgHe times needed by the small fish to induce
full anaesthesia considerably diverged from thconremended time and from the times reported
for the same concentrations of tricaine methanesate used to anesthetise silver catfish of a
similar size (Seigneur, 1984).

Stehly & Gingerich (1999) stated that either youngreolder fish may be most sensitive

to anaesthesia, depending upon the species. ithkighest concentrations tested in this study,



31

the small and the large fish induced stage 4 adithat did not differ statistically. Therefore, it
may not be said that induction time displayed daumi relationship with size given that the
medium fish were last to induce. Likewise, Hosko&eRirhonen (2004) found no relationship
between size and induction time$@almo salarandSalmo trutta Conversely, Zahét al (2009)
reported direct associations between size and otrat®ns and times required for induction in
Gadus morhuawith larger fish taking longer to induce. SimifarSonet al. (2001) and Gomes
et al (2011) observed that biggBebastes schlegadnd silver catfish, respectively, were more
tolerant than the small ones. Coye al. (2004) postulated that larger individuals gergral
require a greater concentration of anaesthetic thair smaller counterparts do. This may
indicate that the rate of absorption of a givenestizetic in relation to size was faster in smaller
fish, what may reflect the larger gill surface anmeaelation to size in these animals and, thus, a
larger area for drug diffusion (Oikawa & Itazaw&8%). A lower basal metabolism in large fish,
and thereby, a lower oxygen consumption in relattohody size may also contribute to a slower
rate of absorption (Clarke & Johnston, 1999). HosveBurkaet al (1997) and Ross & Ross
(2008) described an often inverse correlation betwaduction time and size, with the larger fish
succumbing first to anaesthesia. This is in acamdavith Olseret al (1995) and Hoskonen &
Pirhonen (2004), who verified a decrease in indunctime with increasing size i&. salarand
Coregonus lavaretysespectively.

With regard to recovery, some authors claimed 10 oniless to be a desirable time to
return from anaesthesia (Gilderhus & Marking, 198%hly & Gingerich, 1999; Parét al,
2003). That time limit was met by all groups ata@lhcentrations, excepting the small fish at 300
mg.L™

Sonet al (2001) and Zahkt al (2009) found that foiS. schlegeliand G. morhua

respectively, recovery time increased with incnegsize. Coyleet al (2004) and Ross & Ross
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(2008) provided corroborating facts, stating tlaagér fish, as well as gravid females, diseased or
weakened animals, tend to recover slower than smaflimals because the drug is removed from
the lipid reserves for clearance via the gills minky or for metabolic degradation. In contrast,
the large and the medium fish in this study recestebefore the small fish at 300 mg,L
indicating a faster recovery for the bigger animdfsirthermore, because the three groups
recovered in unison at 150 mg.Lno uniform relationship between silver catfiszesiand
recovery time was found at this concentration. Binmesults were described for two size ranges

of Piaractus brachypomu@/elasco-Santamaria, 2008).

4.1.2 STRAIN COMPARISON

The grey animals were more sensitive to tricainéhareesulfonate than the albinos were,
inducing anaesthesia in a statistically significambrter time at the three highest concentrations.
The lowest induction times in both strains wereepbsd at 300 mg:L; these times were within
the 3 min period earlier indicated as appropriateahaesthetic induction.

A uniform relationship between strain and recovénye was observed for the three
highest concentrations, with the grey fish recowgfirst. Taken together, grey and albino silver
catfish recovered faster than the 10 min postulatedn ideal recovery time. To date, no other

study has contrasted fish strains in an anaesttnigtic

4.2 PROPOFOL

The efficacy of propofol as an injectable anaesthietr fish has been demonstrated in

some species (Stoskopf, 1990; Flem@@l, 2003; Milleret al, 2005). However, a disadvantage



33

associated with this agent is that the route af/deg}, which is mainly restricted to intravenous or
intraosseous injections, is often associated wéim.pFurthermore, injections require physical
restraint (Nathansoet al, 1996; Doenicket al, 1997; Murray, 2002; Flemingt al, 2003).

The use of propofol as an immersion anaestheti¢igh, proposed for this first time by
this study, allows for the elimination of the prewsly mentioned downsides. The emulsion in
which propofol is presented has a high solubilityvater, and propofol itself is highly lipophilic
and readily metabolised, thereby providing a ragmdet of action and short duration of effect
(Ganemet al, 2002; Fleminget al, 2003). Furthermore, this is the first reportlod use of this

anaesthetic in silver catfish.

4.2.1. SIZE RANGE COMPARISON

Propofol promoted satisfactory induction times $dver catfish of different sizes in this
examination, approximating the 3 min requirememhie dnly exception was observed at 5 mg.L
with the medium and the large groups showing faxiended times.

At 2.5 and 12 mg.t, the small fish were the first to induce stageldmonstrating an
obvious increased efficacy and sensitivity with ré@sing size at these concentrations. These
findings agree with Soet al (2001), Coyleet al (2004) and Zahkt al (2009). A slightly
different trend was observed for the two intermedieoncentrations; the small fish completed
anesthetisation before the large animals, but edbre the medium fish. Overall, it may be
speculated that there is a direct and positiveiogiship between size and induction time.

With few exceptions, propofol allowed for a fastecovery of the three size ranges of

silver catfish than the 10 min mentioned earliethis discussion. No direct relationship between
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recovery time and fish size was found, what is gneeament with previous findings (Stehly &

Gingerich, 1999; Velasco-Santamaria, 2008).

4.2.2 STRAIN COMPARISON

The grey animals demonstrated a higher sensititidy propofol and tricaine
methanesulfonate than their albino counterparts Itlideems plausible to hypothesise about a
possible difference in ventilation and metaboliesabetween the two strains of silver catfish that
lead to a faster onset of action of both anaesthetithe grey fish.

At the two highest concentrations of propofol, iotilon times of both strains were very
close to or less than the proposed 3 min. Howeegjardless the significant difference, long-
lasting recoveries were observed in both groups. Iblvest recorded times were at 2.5 mig.L
for the grey animals and at 5 mg.for the albino; these times were close to themenended 10
min. These results indicated no relationship betwsteain and recovery times with propofol
because groups either alternated fastest recoweeyg from anaesthesia or recovered at the same

time.

4.3 RECOMMENDATIONS AND FUTURE DIRECTIONS

The best outcomes using propofol were registerecthan size range comparison,
suggesting that 12 mgLis the most efficient concentration to anesthetisesmall fish and that
10 mg.L" is more adequate for anaesthesia of the mediuntheniirge animals. As for tricaine
methanesulfonate, 300 md.lwas the most efficient concentration for anaesthesthe large

fish in the size range comparison and the albinoghe strain comparison. In the latter
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assessment, nonetheless, the grey fish respondied twe 100 mg.L* of the anaesthetic. Such
diversity of results indicates that it is esserttiatonsider both size and strain when anesthgtisin
silver catfish with tricaine methanesulfonate cogmfol bath solution because properly adjusted
concentrations minimise physiological impact. Farthore, because species may differ widely in
their response to the same anesthetic, screensageds of these drugs prior to use in other types

of fish is highly recommended.
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TABLE | - Stages of anaesthesia in fish (Schoettger & JL867).

Stage Description Behavioural response

1 Light sedation Partial loss of reaction to exaéstimuli

2 Deep sedation Partial loss of equilibrium, nctiea to external stimuli

3a Total loss of equilibriumFish usually turn over but retain swimming ability

3b Total loss of equilibrium  Swimming ability stops but responds to pressure on
the caudal peduncle

4 Anaesthesia Loss of reflex activity, no react@strong external
stimuli

5 Medullary collapse Respiratory movement ceases (death)

(death)
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TABLE 1l - Linear regression equations relating anaesthdtinsaine methanesulfonate -

MS222 - and propofol) and fish groups to stagesnafesthesia and recovery.

Anaesthetics

and fish Stage 2 Stage 3a Stage 3b Stage 4 Recovery
groups

MS222
B B B 3 y=-112.3-2.7x

Small r’=0.9

Medium y=86.58-0.23x _ y=884.48-1.88x y=-5.81+1.32x
r’=0.88 r’=1 r’=0.87

Large y=67.68-0.20x -- y=305.17-0.79x y=771.17-1.28x y=12.50 - 1.47x
r’=0.85 r’=0.77 r‘=1 r’=0.93

Grey _ - - - -

Albino y=70.14-0.19x -- - y =888.23-2.69x y=231.22+1.16x
r’=0.74 r’=0.79 r’=0.95

Propofol
3 B y =29.38 - 1.19x B

Small ?=0.92

Medium y=63.79-4.61x y=141.94-11x y=317.95-2591x y=>538.93-33.18x _
r’=0.77 r’=0.8 r’=0.75 r’=0.79

Large y=68.49-511x y=101.37-7.05x y=308.01 - 23.80x y = 896.26 - 63.20x

9 2= 0.81 = 0.83 = 0.97 = 0.96
Gre y=1592-0.80x y=213.59-14.3x y=650.78 - 45.60x
y ?=0.74 ?=0.77 =1
Albino y=34.17-232x y=402-29.78x y=1108.88-78.08x _

r?=0.92

r’=0.78

r?=0.92

y = time to reach the stage (s); x = concentratibithe anaesthetic (mg; -- indicates

significant relationship.

no
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FIGURE CAPTIONS

FIGURE 1 - Time required for induction and recovery from arlaesia in different sizes of grey
silver catfish with tricaine methanesulfonate: §) mg.L"; (B) 100 mg.L*; (C) 150 mg.C* and

(D) 300 mg.L*. Stages are according to Schoettger and Julin7j1®@ximum observation time
was 30 min. Time to reach each stage is in sec(s)d¥/alues are expressed as the means *
SEM. For each concentration tested, N = 7. Differetters indicate significant difference
between groups by one-way ANOVA and Tukey's testKouskal-Wallis test and multiple

comparisons of mean ranks (P < 0.05). * No groaghed such a stage.

FIGURE 2 - Time required for induction and recovery from arlaesia in albino and grey silver
catfish with tricaine methanesulfonate: (A) 50 my.B) 100 mg.L*; (C) 150 mg.* and (D)
300 mg.L*. Stages are according to Schoettger and Juliri7{186aximum observation time was
30 min. Time to reach each stage is in seconds/@liles are expressed as the means + SEM.
For each concentration tested, N = 7. # indicatgsifcant difference between groups by

Student’s t-test or Mann-Whitney test (P < 0.059\d group reached such a stage.

FIGURE 3 - Time required for induction and recovery from arlaesia in different sizes of grey
silver catfish with propofol: (A) 2.5 mgt (B) 5 mg.L*; (C) 10 mg.[* and (D) 12 mg.L.
Stages are according to Schoettger and Julin (198&imum observation time was 30 min.
Time to reach each stage is in seconds (s). Vaegxpressed as the means = SEM. For each
concentration tested, N = 7. Different letters aadé significant difference between groups by
one-way ANOVA and Tukey’s test or Kruskal-Wallissteand multiple comparisons of mean

ranks (P < 0.05).
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FIGURE 4 - Time required for induction and recovery from ailaesia in albino and grey silver
catfish with propofol: (A) 2.5 mg:t; (B) 5 mg.L%; (C) 10 mg.I* and (D) 12 mg.L*. Stages are
according to Schoettger and Julin (1967). Maximurseovation time was 30 min. Time to reach
each stage is in seconds (s). Values are expresstee means + SEM. For each concentration
tested, N = 7. # indicates significant differencgween groups by Student’s t-test or Mann-

Whitney test (P < 0.05).



49

recovery

recovery

4

Stage of anaesthesia and recovery

o f
o o~
a
o ©
S 8 8 8 8 8 °
3 88 &8 8 ¥ ®8 & 3
o @ <t
- (s) swnL

recovery
recovery

3b
Stage of anaesthesia and recovery

%)
o o o o o o o o o
0 o n o n

(s) swiL (s) swiL

small
medium
large

Stage of anaesthesia and recovery

Stage of anaesthesia and recovery

FIGURE 1




50

600

A
@ ’J_‘
o 500
£ #
F 200 -
100 1 .

Y
e W0 -« T

350 +

300 4

250 +

Time (s)

100 -

50 4

200 +

150 -

2 3a 3b 4 recovery
Stage of anaesthesia and recovery
¢ T

#

#

7

# Z %

v
lme 7 11 1] |

2 3a 3b 4 recovery

Stage of anaesthesia and recovery

800 +

700 +

600 -

200

Time (s)

150 -

100 -

50

450

400 -
350 -
300 -

Time (s)

150 4
100 +
50 4

500 4

250 A
200 A

T
ﬁ

V

2 ||

| # % %
2 3a 3b 4 recovery

Stage of anaesthesia and recovery
’ T

. ’ %
2 3a 3b 4 recovery

Stage of anaesthesia and recovery

albino
grey

FIGURE 2



51

recovery

Stage of anaesthesia and recovery

o
o
:
. . . o o
S o
o o o o
S S s S S ®
o © < N
(s) swiL

recovery

recovery

Stage of anaesthesia and recovery

a ab
3a
Stage of anaesthesia and recovery

s
T T T ) ©
o o o o o
S & ©6 o o T
© w < o o O ©o o o 9o o 9o o o
S ©& o m o ;n o
(s) swiL © © ® N Q& 4 A
(s) swiy

small
medium
large

Stage of anaesthesia and recovery

FIGURE 3




52

1400

1200 -

1000 -

800 -

Time (s)

600 -

400 -

200 -

0 L

N |17

2

3a 3b 4 recovery
Stage of anaesthesia and recovery

1200 -

1000 -

250
200 A
150 4
100 +
50 A

0 L=

Time (s)

|

2

7
=, ‘
3a 3b 4 recovery
Stage of anaesthesia and recovery

1000 -

800 -

500

Time (s)

400 -
300 -
200 -
100 4

1800

1600 -
1400 -
1200 -
1000 -

800

Time (s)

100 -

.
%

7
- [
3a 3b

4 recovery

Stage of anaesthesia and recovery

200 4

H
7 %
. /
1 ﬂ ‘ :
3a 3b 4 recovery

Stage of anaesthesia and recovery

albino
grey

FIGURE 4




3 CONCLUSAO

- Baseando-se nos tempos de inducdo e recuperagisirados para a anestesia com
metanosulfonato de tricaina na comparacao entdif@®ntes tamanhos de jundia, indica-se a
concentracdo de 300 md-Ipara os peixes grandes. As concentracdes testddase mostraram

adequadas para anestesia de jundias pequenos esntliido a tempos de inducdo e/ou

recuperacao prolongados.

- Baseando-se nos tempos de inducdo e recuperagisirados para a anestesia com
metanosulfonato de tricaina na comparacdo entvarisdades de jundia, indica-se 300 nig.L

para os peixes albinos e 100 nigpara os cinzas.

- Baseando-se nos tempos de inducao e recuperegidtrados para a anestesia com propofol na
comparacao entre os diferentes tamanhos de jundiga-se a concentracdo de 12 mbpara

0s peixes pequenos e 10 mypara os médios e grandes.

- As concentracdes testadas de propofol ndo serarenst adequadas para anestesia de jundias

cinzas e albinos, uma vez que os tempos de reqfmeexcederam 10 minutos.

- Na comparacao entre jundids de diferentes tansamista variavel ndo apresentou relacdo direta
com tempos de inducdo e recuperacao para metamustafde tricaina. Anestesia com propofol,
no entanto, promoveu indugcao mais rapida nos pgiggsenos e médios do que nos grandes,

mas o tempo de recuperagdo ndo apresentou relagao tamanho dos peixes.

- Os jundias cinzas atingiram o estagio de anestsi tempos menores do que os albinos em
sete das oito concentracdes testadas (nenhumala@eienduziu além do estagio 3a com 50
mg.L* metanosulfonato de tricaina), demonstrando umarntaierancia dos albinos frente ao
efeito do metanosulfonato de tricaina e do propdotecuperacao dos jundias cinzas foi mais
rapida do que a dos albinos com metanosulfonatotridaina, mas nenhum padrdo de

uniformidade entre tempo e variedade foi observedecuperacdo da anestesia com propofol.
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- Propofol promoveu inducdo anestésica sequeneialodos os estagios de anestesia e ndo
causou mortalidade dos jundias. Metanosulfonattriceina também nédo ocasionou a morte de
animais, porém a evolucao ao longo dos estagioson&@o perceptivel quanto o observado com

propofol. Assim, é possivel controlar a profundelaghestésica mais adequadamente com
propofol do que com metanosulfonato de tricaina.
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