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RESUMO

OLEO ESSENCIAL DE LIPPIA ALBA COMO SEDATIVO E ANESTESICO EM
DIVERSOS ANIMAIS AQUATICOS

AUTORA: Larissa Novaes Simoes
ORIENTADOR: Bernardo Baldisserotto

A utilizacdo de anestésicos em estacbes de aquicultura e pesquisa é uma ferramenta muito
importante para reduzir tanto os danos e 0 consequente estresse causado por atividades rotineiras,
como também a mortalidade dos animais. A tese esta dividida em trés capitulos, e tem o objetivo de
avaliar o uso do Oleo essencial de Lippia alba (EOL) como sedativo e anestésico em animais
aquaticos, analisando seus possiveis efeitos estressantes. O capitulo 1 consiste na avaliagdo dos efeitos
do EOL nos parametros comportamentais, metabolicos e de estresse oxidativo no mexilhdo Perna
perna. Dois experimentos foram realizados, no primeiro testou-se as concentrag@es de 150, 300 e 450
uL L durante uma hora no maximo. No segundo experimento, os mexilhdes foram expostos
primeiramente a uma concentracéo inicial de 100 uL L™ de EOL durante 30 minutos e, em seguida, foi
adicionado mais anestésico para atingir as concentragdes testadas no primeiro experimento, por mais
30 min no méximo. Foram observados os tempos de sedacdo, anestesia e recuperacdo, além de
analisados glicogénio, lactato, proteina e glicose, e parametros de estresse oxidativo (CAT, GST, LPO,
PC e SOD), em hemolinfa, brénquias e gbnadas dos animais, com e sem recuperacdo, apés a
exposicdo ao anestésico. No capitulo 2, assim como no capitulo anterior, avaliou-se a eficiéncia do
EOL em Echinometra lucunter (ourico-do-mar), analisando o liquido celomatico, génadas e intestino
dos animais amostrados com e sem recuperacdo apds a exposi¢do, para analisar 0s parametros
metabolicos (proteinas e lipidios) e de estresse oxidativo (TBARS, SOD E CAT). No capitulo 3
verificou-se as respostas ao estresse em lubina (Dicentrarchus labrax). Primeiramente elegeu-se uma
concentracdo ideal para sedacdo e em um segundo experimento utilizou-se uma situacdo de estresse
(perseguicao para captura), com diversas combinacgdes de tratamentos e tempos de amostragem. Foram
amostrados o plasma e figado dos animais para analisar as altera¢fes fisiologicas como cortisol,
glicose, lactato, triglicerideos, proteina e glicogénio, além das atividades enzimaticas no figado
(GPtotal, HK, FBP, G6PDH, PK, G3PDH, GDH, GPT e GOT). A exposi¢cdo ao EOL néo causou
nenhuma mortalidade e apresentou efeito sedativo e/ou anestésico satisfatério nas espécies de animais
aquaticos testados, com excecao apenas dos mexilhdes, porque eles fecharam a concha e reduziram a
filtragdo como um comportamento de defesa e bem-estar quando exposto a qualquer substancia
diferente detectada na agua. Desta forma, o EOL apresentou um efeito favoravel em todas as espécies
testadas, porque ocasionou a melhora na resposta das defesas antioxidantes e reduziu o estresse
oxidativo, sendo uma boa alternativa como sedativo e/ou anestésico para procedimentos de estacGes de
aquicultura e pesquisa.

Palavras chave: Antioxidantes. Estresse. Fisiologia. Metabolismo.



ABSTRACT

ESSENTIAL OIL OF LIPPIA ALBA AS SEDATIVE AND ANESTHETIC IN DIVERS
AQUATIC ANIMALS

AUTHOR: Larissa Novaes Simdes
ADVISOR: Bernardo Baldisserotto

The use of anesthetics in aquaculture and research stations is a very important tool to
minimize both the damage and the consequent stress caused by routine activities, as well mortality of
the animals. This thesis is divided into three chapters, and aims to evaluate the use of essential oil of
Lippia alba (EOL) as sedative and anesthetic in aquatic animals, analyzing its possible stressful
effects. The chapter 1 consists in the assessment of the effects of EOL in the behavioral, metabolic and
oxidative stress parameters in the mussel Perna perna. Two experiments were conducted, the first
tested concentrations of 150, 300 and 450 uL L™ for one hour at most. In the second experiment, the
mussels were first exposed to an initial concentration of 100 uL L™ EOL for 30 minutes and then more
anesthetic was added to achieve the concentrations tested in the first experiment, for an additional 30
min. The sedation, anesthesia and recovery times were observed, as well glycogen, lactate, protein and
glucose, and oxidative stress parameters (CAT, GST, LPO, PC and SOD) were analyzed in
hemolymph, gills and gonads of animals, with and without recovery, following exposure to the
anesthetic. The chapter 2, as in the previous chapter, evaluated the EOL efficiency in Echinometra
lucunter (sea urchin), analyzing coelomic fluid, gonads and intestine of animals sampled with and
without recovery after exposure, to analyze the metabolic (proteins and lipids) and oxidative stress
parameters (TBARS, SOD and CAT). The chapter 3 verified the stress responses of sea bass
(Dicentrarchus labrax). Firstly an ideal concentration for sedation was elected and in a second
experiment fish were exposed to a stressful situation (chase to capture) with different combinations of
treatments and sampling times. Plasma and liver of the animals were collected to analyze the
physiological changes as cortisol, glucose, lactate, triglycerides, protein and glycogen, as well as the
enzymatic activities in the liver (GPtotal, HK, BPF, G6PDH, PK, G3PDH, GDH, GPT and GOT). The
exposure to EOL did not cause mortality and presented satisfactory sedative and/or anesthetic effect in
the aquatic animal species tested, except mussels because they closed the shell and reduced filtration
as a defensive behavior and well-being when exposed to any different substance detected in the water.
Thus, the EOL has a favorable effect in all species tested, because it led to improvement in the
response of antioxidant defenses and reduced oxidative stress, being a good alternative as sedative
and/or anesthetic in procedures for aquaculture and research stations.

Keywords: Antioxidants. Stress. Physiology. Metabolism.
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1 APRESENTACAO

1.1 AQUICULTURA

E grande a procura e exploragdo de diversos animais aquéticos que s3o
economicamente importantes para os fins de alimentacdo, pesquisa, aquariofilia e artesanato
(CARNEIRO; CERQUEIRA, 2008). Diante disto, ha um grande crescimento na atividade da
aquicultura mundial e consequentemente as espécies mais requisitadas apresentam um forte
aumento na comercializagdo (RORIZ et al., 2015).

Dentre estes animais esta 0 mexilhdo (Perna perna) (Figura 1), que entre as diferentes
espécies de mexilhdes, possui um crescimento relativamente rapido, tem uma alta taxa de
crescimento e valor nutritivo, é facilmente coletado no ambiente (BARAJ et al., 2003) e
bastante utilizado como "organismo sentinela” em diversos programas nacionais e
internacionais de monitoramento ambiental do ambiente aquatico (BELLOTTO et al., 2005;
VIDAL-LINAN; BELLAS, 2013; BESADA et al., 2014; OLIVEIRA et al., 2014; JOYCE et
al., 2015), estando distribuido no Atlantico Sul, nas Américas e Africa. A producdo mundial
de moluscos em 2012, liderada pela China, foi de 15,2 milhdes de toneladas (1,8 milhdes de
toneladas s6 de mexilhdes), estando o Brasil em 12° lugar mundial e 2° lugar na América
Latina, superado apenas pelo Chile (FAO, 2014).

Figura 1 — Mexilhdo (Perna perna) (A) aberto para coleta de tecidos (B).

Fonte: Larissa Novaes Simdes

O ouri¢co do mar da espécie Echinometra lucunter (Figura 2) é outro organismo de
grande procura e exploragio, possuindo ampla distribuicdo ao longo das indias Ocidentais e
do Oceano Atlantico ocidental, entre a Florida e Bermuda até a costa sul do Brasil
(MCPHERSON, 1969; LEWIS; STOREY, 1984). Esta espécie de ouri¢o é utilizada como


http://www.sciencedirect.com/science/article/pii/S0048969713005135
http://www.sciencedirect.com/science/article/pii/S0048969713005135
http://www.sciencedirect.com/science/article/pii/S0160412014001743
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alimento por populacgdes de baixa renda, principalmente no Nordeste do Brasil (ALVES et al.,
2006), mas também é comercializada inteira ou apenas as gonadas, com precos elevados, para
restaurantes de origem europeia e asiatica. Organismos vivos podem ser ainda mais valiosos,
ao serem comercializados para aquarios marinhos ou utilizados como modelos experimentais

em estudos de evolugéo e toxicologia (MICAEL et al., 2009).

Figura 2 - Ourico (Echinometra lucunter) (A) aberto para coleta dos tecidos (B).

Fonte: Larissa Novaes Simoes

Dicentrarchus labrax (lubina) (Figura 3) também € uma espécie economicamente
importante e encontra-se distribuida ao longo do Atlantico da Noruega ao Marrocos, incluindo
as ilhas Canérias e Senegal, também presente na regido do Mediterraneo e do Mar Negro
(KOTTELAT; FREYHOF, 2007). A producdo desta espécie de peixe tem crescido fortemente
e é altamente valorizada no comércio europeu, com mais de 148 000 t produzidas em 2014
(FEAP, 2015).

Figura 3 - Lubina (Dicentrarchus labrax) (A) e coleta de sangue (B).

Fonte: Larissa Novaes Simoes
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Um dos requisitos mais importantes para o0 bom desenvolvimento da atividade de
aquicultura é o conhecimento adequado da biologia das espécies utilizadas para cultivo, onde
a fisiologia das espécies, o funcionamento dos sistemas e as interacdes e respostas permitam
melhores condigdes de cultivo. Os fatores estressantes tém sido a principal causa das perdas
de lucros na aquicultura, pois afetam o metabolismo, prejudicam o estado de salde e
aumentam a suscetibilidade a doencas (RORIZ et al., 2015).

1.2 ESTRESSE

Cada espécie possui sua importancia econdmica distinta, porém todas necessitam de
melhorias no bem-estar nas instalacGes aquicolas e de pesquisa, onde procedimentos comuns
muitas vezes podem causar uma situacdo especifica de estresse. As taxas de mortalidade
destes animais estdo vinculadas as préticas intensas de manejo como captura, estocagem,
pesagem, mudancas na qualidade da agua e transporte, as quais levam ao estresse dos animais
(LEGAT; LEGAT, 2009). De certa forma, o estresse agudo pode obter uma resposta benéfica
para o animal, pois é uma funcdo fisioldgica adaptativa, que responde a uma ameaca
percebida a homeostase, preservando a viabilidade do individuo estressado permitindo a sua
sobrevivéncia a esta situacdo (ASHLEY, 2007), mas o estresse cronico (intensidade ou
duracdo) pode levar a alteracdes fisiologicas que resultem em consequéncias indesejaveis,
como doencas e/ou mortalidade (IWAMA et al., 2004).

Quando, por exemplo, um peixe € exposto a um agente estressor, ocorre a ativacdo de
dois eixos neuroenddcrinos, o eixo hipotalamo-sistema nervoso simpatico-células cromafins
(HSC), que resulta na liberacdo de catecolaminas (adrenalina e noradrenalina) como produtos
finais (PERRY; CAPALDO, 2011), e o eixo hipotdlamo-hipdfise-interrenal (HHI) que libera
os corticosteroides (cortisol e cortisona) (WANDERLAAR-BONGA, 1997). Sendo assim, a
ativacdo destes eixos € uma caracteristica da resposta ao estresse, e estdo envolvidos
principalmente com a demanda energeética do animal, ou seja, a mobilizacdo de energia por
meio da liberacdo de catecolaminas e cortisol que podem interferir de certa forma no
metabolismo intermedidrio alterando as concentragdes de parametros metabolicos (VIJAYAN
etal., 1997; MOMMSEN et al., 1999).

No entanto, € evidente que todos os animais vertebrados reagem as mudancas
anormais no seu ambiente (estressores) por agOes motoras mediados pelos nervos e pela

liberacdo de hormdnios, mas em invertebrados as respostas hormonais ao estresse ndo sdo
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bem compreendidas, e a maioria destes animais possui receptores especiais para tais
estimulos, chamados de nociceptores (ROSS; ROSS, 2008).

Invertebrados mais avancadas sdo bem desenvolvidos, com sistema nervoso
constituidos por conjuntos de neurdnios ligados aos ganglios com diferentes niveis de
complexidade, entretanto, os invertebrados mais simples ndo tém quaisquer estruturas
semelhantes a um sistema nervoso central, mas alguns tém uma série de ganglios conectados
por vias nervosas (ROSS; ROSS, 2008). Em bivalves o sistema nervoso inclui dois pares de
nervo e trés pares de ganglios. N&o ha cefalizacdo dbvia e o sistema nervoso parece bastante
simples. Neurdnios mecanosensoriais séo ativados durante o reflexo de retirada do pé com

uma navalha, por exemplo, mas ndo se sabe se estes sdo nociceptores (OLIVO, 1970).

1.3 RESPOSTAS METABOLICAS

As acdes dos corticosteroides (cortisol) e das catecolaminas séo consideradas respostas
primarias em diversos orgdos-alvo, e resultam em modificacGes bioquimicas e fisioldgicas
denominadas respostas secundarias ao estresse (WENDELAAR-BONGA, 1997), que incluem
0 aumento da frequéncia cardiaca, da tomada de oxigénio e da demanda de energia e, ainda, a
perturbacdo do balanco hidromineral. As respostas terciarias se estendem para o nivel de
organismo e populacional, apresentando comprometimento no desempenho, efeitos de
inibicdo da resposta imune, aumentando a suscetibilidade a doencas, além da reducdo da
capacidade de tolerancia a agentes estressores adicionais (LIMA et al., 2006).

Desta forma, o aumento significativo destes hormoénios pode resultar em uma redugédo
no conteddo de glicogénio hepatico e aumento dos niveis de lactato e glicose no plasma, este
que por sua vez, fornecem glicose para os tecidos para compensar a grande demanda de
energia necessaria para recuperar a homeostase (BARTON, 2002; BARCELLOS et al., 2000).
A glicose é a principal fonte energetica para as celulas dos peixes e por isso 0 aumento da sua
producdo é vital durante condicOes de estresse, 0 que torna as alteracbes metabdlicas
importantes respostas adaptativas. Diante disto, € de extrema importancia ter conhecimento
das variacfes nos parametros sanguineos e hepaticos destes animais, por meio de indicadores
secundarios, como a glicose, lactato, glicogénio, triglicerideos, proteina entre outros, para
permitir a avaliagdo da resposta ao estresse, bem como a capacidade destes animais para
superar a perturbacdo (MOMMSEN et al., 1999; ACERETE et al., 2004).

Ja os mexilhdes quando expostos ao ar (fechamento das valvas, resposta semelhante

quando expostos ao anestésico), o fluxo de oxigénio das brénquias para os tecidos cai
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bruscamente devido a um decréscimo continuo na concentragdo de oxigénio dissolvido na
agua contida no interior das valvas, o que é rapidamente consumido (LARADE; STOREY,
2002). Mas apesar de manterem suas valvas fechadas, os mexilhdes realizam movimentos
periddicos de abrir e fechar as valvas com objetivo de forma bolhas de ar na dgua que fica
acumulada no seu interior. Desta forma, eles conseguem captar oxigénio do ar e manter uma
baixa taxa de respiracdo, além de expelir metabdlitos do seu metabolismo anaerdbicos
(SANDEE et al., 1996).

Diferentes aspectos dos equinodermos vém sendo avaliados, dentre os quais destacam-
se 0s imunoldgicos, que envolvem o estudo de mecanismos de defesa exercidos por seus
celomacitos, presentes no celoma perivisceral, e principais responsaveis pela resposta imune
inata (GROSS et al., 1999).

A composicdo do liquido celomatico assemelha-se a da agua do mar, diferindo um
pouco na composi¢do de alguns compostos como potéssio, lipidios, proteinas e aclcares
dissolvidos (CHIA; XING, 1996). Os celomdcitos, presentes no liquido celomatico, sdo
classificados basicamente em quatro tipos diferentes, sendo eles: amebdcitos fagociticos,
esferulécitos vermelhos, esferuldcitos incolores e células vibrateis. Estes possuem diferentes
funcdes, e sdo responsaveis pela defesa do organismo (CHIA; XING, 1996; BORGES et al.,
2010). A proporcéo dos tipos celulares pode variar de acordo com a espécie, ou até mesmo
entre individuos da mesma espécie, levando em conta as condigdes fisioldgicas
(MATRANGA et al., 2005).

1.4 METABOLISMO ENERGETICO

Quando a glicose é ingerida acima do necessario, ocorre a polimerizacédo a glicogénio,
o qual é armazenado no figado e nos musculos, sendo a mobilizacdo da glicose controlada
pela acdo dos horménios e enzimas, ou convertida a gordura. Para manter a homeostase
energetica, o glicogénio é mobilizado e transportado como glicose e seus valores no sangue
sdo mantidos constantes, garantindo o suprimento de energia as células nas varias situaces
em gue o0s animais estejam submetidos (SILVEIRA et al., 2009).

As catecolaminas causam aumento dos niveis de glicose no plasma pela mobilizacao
das reservas de glicogénio hepatico (glicogendlise), enquanto os corticosteroides mantém a
hiperglicemia estimulando o catabolismo proteico e a gliconeogénese, por meio da conversao
de compostos aglicanos (ndo agucares e ndo carboidratos), sendo os principais precursores o

lactato, a alanina (aminoacido) e o glicerol (PANKHURST, 2011). QOutras vias metabolicas
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também utilizadas s&o a glicogénese, que € a reacdo de sintese da glicose que ocorre no figado
e nos musculos e a glicolise, que € a sequéncia metabdlica de varias reagdes enziméticas em
que a glicose é oxidada e o produto final sdo duas moléculas de ATP (SILVEIRA et al.,
2009).

1.5 ATIVIDADES ENZIMATICAS

Cada via metabodlica é regulada continuamente dentro das células, no entanto,
situacOes de estresse podem alterar o metabolismo intermediério alterando as atividades das
enzimas-chave no metabolismo de carboidratos (glicogénio fosforilase total - GPtotal,
hexoquinase - HK, frutose-bisfosfato - FBP, glucose-6-fosfatodesidrogenase - G6PDH,
piruvatocinase - PK), lipidios (glicerol-3-fosfato desidrogenase - G3PDH) e aminoacidos
(glutamate desidrogenase - GDH, transaminase glutdmico-pirdvica - GPT, e transaminase
glutdmico-oxalacética - GOT) (MOMMSEN et al., 1999; LAIZ-CARRON et al., 2003).

O metabolismo tem como uma de suas funcbes a de proporcionar a energia necessaria
para 0S processos Vitais, para compensar as perdas de substancias resultantes dos desgastes ou
exercicios e atender ao desenvolvimento e crescimento do organismo (MOMMSEN et al.,
1999). As vias metabolicas sdo necessarias para que o organismo mantenha a sua homeostase.
Diferentes enzimas catalisam diferentes passos de vias metabolicas, agindo de forma correta
de modo a ndo interromper o fluxo nessas vias. Dessa forma, as atividades das enzimas
envolvidas no metabolismo de carboidratos, lipidios e proteinas podem dar pistas sobre a
forma como o animal reorganiza seu estado energético depois de experimentar um evento
estressante (TONI et al., 2015).

1.6 ESTRESSE OXIDATIVO

O estresse pode desencadear a producdo de espécies reativas de oxigénio (ERO),
resultante da reducéo de O,, que podem ser extremamente toxicas para a célula e, desta forma,
diversos mecanismos de defesa sdo ativados com o objetivo de prevenir tais danos, o0s
chamados sistemas antioxidantes. Os animais possuem um sistema de defesa bioquimica
consistindo de antioxidantes enzimaticos e ndo enzimaticos, que combatem quaisquer
espécies reativas, como por exemplo, a superoxido dismutase (SOD) que converte o anion

superdxido em perdxido de hidrogénio, a catalase (CAT) converte perdxido de hidrogénio em
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agua e oxigénio (VERNON; TANG, 2013) e a glutationa-S-transferase (GST) catalisa a
conjugacao da glutationa com substratos eletr6filos (MODESTO; MARTINEZ, 2010).

No ambito de um estado fisioldgico normal, as ERO geradas em tecidos e
compartimentos subcelulares sdo eficientemente eliminados pelo sistema de defesa
antioxidante (LUSHCHAK; BAGNYUKOVA, 2006), mas em vérias outras situacdes, pode
ocorrer um desequilibrio entre oxidantes e antioxidantes em favor dos oxidantes, conduzindo
a ruptura do controle redox (reac6es de reducdo-oxidagdo) e/ou danos moleculares, situacdo
essa chamada de estresse oxidativo (SIES; JONES, 2007), que causa danos oxidativos, tal
como a peroxidacdo lipidica (LPO), a qual pode ser avaliada pela formagdo de substancias
reativas ao acido tiobarbiturico (TBARS) e utilizada como indicador do estresse oxidativo
celular (LIMA; ABDALLA, 2001); a oxidacdo da proteina, onde ocorre a formacdo da
proteina carbonilada (PC) que pode ser quantificada para medir a extensdo do dano oxidativo;
alteragBes metabdlicas e enziméticas; e danos ao DNA (BEAL, 2003; DALLE-DONNE et al.,
2003).

Sugere-se que quando os mexilhdes fecham as valvas, um baixo fluxo de oxigénio nos
tecidos aliado a um possivel decréscimo na eficiéncia dos sistemas de defesa e/ou reparo,
podem aumentar a susceptibilidade dos tecidos a lesfes oxidativas. Apos abertura das valvas
(re-oxigenacdo), a atividade de enzimas antioxidantes mantida sob niveis basais pode
amenizar os efeitos causados por um possivel aumento na producdo de ERO (JONES, 1986).

Nos invertebrados marinhos, inclusive nos ouricos-do-mar, o desequilibrio na
producdo de espécies reativas de oxigénio sob situacdes de estresse pode estar relacionado
com alteracbes na capacidade fagocitica dos celomdcitos, quando 0s animais estdo
submetidos ao estresse (BORGES et al., 2010).

1.7 ANESTESICOS

Para prevenir o estresse em decorréncia das atividades rotineiras do cultivo, 0s
anestésicos sdo uma ferramenta importante, pois reduzem o metabolismo dos animais e, com
isto, reduzir o consumo de oxigénio (PALIC et al., 2006), além de evitar mortalidades
(FACANHA; GOMES, 2005). De acordo com Ross e Ross (2008), é essencial o
conhecimento da concentragéo ideal do anestésico que é necessaria para a inducao ao estagio
desejado, assim como os tempos de exposi¢do, a fim de garantir a eficacia do processo de
anestesia, uma vez que, essas concentragdes variam conforme a espécie e o tamanho do

animal. Embora os anestésicos possam ser uma ferramenta valiosa para assegurar a protecao



17

dos animais durante um evento estressante, estes agentes também podem ter efeitos colaterais
indesejaveis e, por isso devem ser utilizados com precaucdo (ZAHL et al., 2012).

Para determinados procedimentos em estacGes de aquicultura e pesquisa, a sedacéo
(definido como um efeito calmante e estado preliminar a anestesia) é suficiente para
minimizar o estresse ou danos fisicos causados pela densidade, captura, pequeno manuseio e
pesagem (ROSS; ROSS, 2008). Alem disso, segundo Bosworth et al. (2007), o peixe sedado
no processo de captura, antes do abate, evita 0 estresse que supostamente ocorreria durante
estes processos, consequentemente melhorando a qualidade da carne.

Mas em procedimentos que demandem mais cautela ou maior manejo ou maior tempo
de exposicdo ao ar, 0 mais aconselhado é utilizacdo dos animais anestesiados (estado
reversivel da perda total de estimulos externos e do equilibrio), ou seja, sem nenhum
movimento, para alcancar o objetivo, sem causar danos ao animal (ROSS; ROSS, 2008). A
anestesia € um procedimento muitas vezes indispensavel no manejo, para assegurar que tanto
0 animal quanto o operador ndo sofra ferimentos (SMALL, 2004).

Procedimentos comuns como manuseio e transporte causam estresse nos ouri¢os do
mar, levando a uma nao planejada desova (LUIS et al., 2005; ARAFA et al., 2007), que reduz
0 tamanho das gdnadas, diminuindo a sua qualidade e valor comercial, e as vezes leva até a
morte. A anestesia, além de evitar este incidente, também facilita o desprendimento do animal
a partir do substrato, que € outro problema comum encontrado por pesquisadores e produtores
(HAGEN, 2003). No entanto, pouco se sabe sobre o papel dos anestésicos contra o estresse de
ouri¢os do mar (ARAFA et al., 2007).

O uso de anestésicos permite o minimo de danos e reduz o estresse em bivalves
durante a manipulacdo experimental, como a coleta de amostras bioldgicas, avaliacdo do
estado reprodutivo, etc. (CULLOTY; MULCAHY, 1992; LELLIS et al., 2000). No entanto,
quando os bivalves detectam particulas desconhecidas ou toxicas na &gua, a primeira possivel
defesa € fechar as conchas e reduzir a filtragdo para minimizar o contato com os tecidos
(GAINEY; SHUMWAY, 1988). Dai a necessidade de compreender a correlacdo do

anestésico com o processo de defesa do animal.
1.8 LIPPIA ALBA
Pesquisas que utilizam anestésicos naturais vém aumentando consideravelmente nos

altimos anos (MOREIRA et al., 2010). Um dos exemplos é a Lippia alba ((Mill.) BROWN

1925) (Verbenaceae), popularmente conhecida como erva cidreira, planta nativa amplamente
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distribuida na América do Sul, América Central e Africa (ZOGHBI et al., 1998; BIASI;
COSTA, 2003). Estudos farmacoldgicos tém evidenciado sua atividade sedativa e anestésica
em peixes (CUNHA et al., 2010, 2011; SACCOL et al., 2013; TONI et al., 2014) e atividade
antioxidante em peixes (AZAMBUJA et al., 2011; SALBEGO et al., 2014) e camarfes
(PARODI et al., 2012).

Estudos da composicéo quimica do 6leo essencial de L. alba relatam que os resultados
nem sempre sdo uniformes (CASTRO et al., 2002). Os constituintes predominantes nos 6leos
essenciais podem variar qualitativa e quantitativamente, em funcéo de diversos fatores, tais
como: estacbes do ano, época de floracdo, idade da planta, quantidade da &gua circulante,
resultante da precipitacdo, fatores geogréficos e climéaticos, bem como a metodologia de
extracdo (CORREA, 1992).

A composicdo de um Oleo essencial de uma planta é determinada geneticamente,
sendo geralmente especifica para um determinado Orgdo e caracteristica do estagio de
desenvolvimento, mas as condi¢cbes ambientais sdo capazes de causar variagdes significativas,
dando origem aos quimiotipos ou racas quimicas tdo freqlientes em plantas ricas em 0leos
essenciais. Ou seja, as diferencas na composicao dos diferentes quimiotipos da espécie L. alba
ndo constituem um produto s6 da influéncia de fatores ambientais, mas refletem também a
variacdo genotipica destas plantas (TAVARES et al., 2005).

No Brasil, diversos estudos abordam as diferencas nos componentes majoritarios do
0leo essencial de L. alba. No Parana foi encontrado y-terpineno; em S&o Paulo, o citral; no
Ceara e Maranhdo, o B-cariofileno (CASTRO et al., 2002) e no Rio Grande do Sul, o linalool
(ATTI-SERAFINI et al., 2002).

Até a presente data, as informacdes sobre os efeitos da exposi¢do a anestésicos sobre a
atividade das enzimas associadas com o metabolismo dos carboidratos, lipidios e proteinas de
peixe sd0 escassas, assim como quase ndo existem trabalhos testando o efeito do 6leo
essencial de L. alba em invertebrados. Desta forma, é necessario melhorar o conhecimento
sobre a forma como o animal reorganiza seu estado energético na busca da homeostase apds
um evento estressante, como também testar invertebrados aquaticos.

O sucesso produtivo de espécies aquaticas economicamente importantes é diretamente
associado com a fisiologia do estresse destes animais, sendo assim o entendimento basico das
alteracdes internas do organismo possibilita a identificagdo das condicdes adversas e o
desenvolvimento de métodos que atenuem o0s seus efeitos na sua salde. Diante disto, ha
necessidade da producdo de trabalhos cientificos que correlacionam o efeito sedativo e/ou

anestésico com as atividades metabolicas e energéticas e parametros de estresse oxidativo em
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animais aquaticos, principalmente em invertebrados, com o objetivo geral de avaliar o uso do
6leo essencial de L. alba (EOL) como sedativo e anestésico em animais aquaticos, analisando
seus possiveis efeitos estressantes, sendo 0s objetivos especificos: avaliar os efeitos do EOL
nos parametros comportamentais, metabdlicos e de estresse oxidativo no mexilhdo Perna
perna; analisar o uso do EOL como sedativo e anestésico no ouri¢co-do-mar Echinometra
lucunter, verificando os parametros de estresse oxidativo; e determinar a eficiéncia do EOL

como sedativo e anestésico na lubina (Dicentrarchus labrax), e suas respostas ao estresse.
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Abstract

The objective of this study was to evaluate the effects of the essential oil of Lippia alba (EOL) on
behavioral, metabolic, and oxidative stress parameters in the mussel Perna perna, an important
comestible species worldwide. To determine the times required for anesthesia induction (maximum 1
hour) and recovery (maximum 30 min), in the first experiment, three different concentrations of EOL
(150, 300, and 450 uL L™) were tested. An ethanol only and a negative control (no substance added to
the water) group were also included. In the second experiment, the mussels were first exposed to an
initial concentration of 100 uL L™ EOL for 30 min and then more anesthetic was added to reach the
concentrations tested in the first experiment for an additional 30 min. Sedation, anesthesia, and
recovery times were observed in both behavioral experiments. Gills and gonads of mussels exposed to
EOL presented increased catalase, glutathione-S-transferase (GST) and superoxide dismutase
activities, except for GST in the gonads, which remained unchanged, while lipoperoxidation and
protein carbonyl values decreased. The EOL did not produce a satisfactory anesthetic effect, taking
into account the shell closing as animal behavior observed in the face the EOL. However, the addition
of EOL, and consequently, the multifunctional hypoxia by closing the valves, improved the response

to oxidative stress and may be useful in handling P. perna.

Key words: bivalve, cidreira herb, lipid peroxidation, antioxidants, carbohydrate metabolism.

1. Introduction

Due to the growth in world aquaculture, most consumed species have seen a reduction in price and a
strong increase in commercialization. The world production of mollusks in 2012 was 15.2 million tons
(1.8 million tons of mussels alone), with China being the largest producer and Brazil, the 12th, but
second in Latin America, surpassed only by Chile (FAO, 2014). Among the different species of
mussels, Perna perna (LINNAEUS 1758) grows relatively fast, has a high growth rate and nutritive
value, and is easily collected (Baraj et al., 2003).

The use of anesthetics allows minimal damage and reduces stress and mortality in bivalves during
experimental manipulation, such as the collection of biological samples, assessment of reproductive
status, etc. (Culloty and Mulcahy, 1992; Lellis et al., 2000). However, when bivalves detect unknown
or toxic particles in the water, the first possible defense is to close the valves and reduce filtration to
minimize contact with the tissues (Gainey and Shumway, 1988).

Due to the difficulties of acquiring and high cost synthetic anesthetics, the use of plant-derived
essential oils has been proven to be a viable alternative (Palic et al., 2006; Silva et al., 2012; Souza et
al., 2012). A good example is the essential oil of Lippia alba ((Mill.) BROWN 1925) (Verbenaceae)

(EOL), a plant widely distributed in Brazil and commonly known as cidreira herb, which has sedative
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and anesthetic efficacy (Cunha et al., 2010, 2011; Toni et al., 2014). EOL also has antioxidant activity
in fish (Azambuja et al., 2011; Salbego et al., 2014) and shrimp (Parodi et al., 2012).

Anesthesia of bivalves is not developed as fish anesthesia, but it is essential for management in
aquaculture and research stations. Hence, the objective of this study was to evaluate, the effects of
EOL in the sedation and anesthesia, on behavioral, metabolic and oxidative stress parameters in P.

perna.

2. Material and methods

2.1 Acquisition of animals and acclimation

P. perna mussels were collected from Itapod Beach, Vila Velha, Espirito Santo state, southeast Brazil,
and transferred to the Laboratory of Applied Ichthyology at the University of Vila Velha (UVV). The
animals were acclimated individually in continuously aerated polyethylene aquaria (without substrate)
for five days. Water quality was monitored for temperature, conductivity, and salinity using the YSI
conductivity (EC 300, Yellow Springs Inc., OH, USA), dissolved oxygen saturation with a YSI
oximeter (OD200), pH with a pH meter YSI (pH 100), and alkalinity and total ammonia (indophenol
method) following APHA, (1998). Animal collections from the environment were conducted with
authorization from the Brazilian Institute of Environment and Renewable Natural Resources (IBAMA)
(n°33571) (Anexo D). The methodology of this experiment was approved by the Ethical Committee
on the Use of Animals of the University of Vila Velha (Process no 218/2012) (Anexo E).

2.2 Plant material

L. alba was cultivated in Frederico Westphalen, Rio Grande do Sul state, southern Brazil. The plant
material was identified by botanist Dr. Gilberto Dolejal Zanetti (Department of Industrial Pharmacy,
UFSM). A voucher specimen (SMDB n. 10050) was deposited in the herbarium of the Department of
Biology (UFSM). The EOL was obtained from fresh plant leaves by steam distillation for 2 h using a
Clevenger type apparatus (European Pharmacopeia, 2007) and stored at -20 °C until composition

analysis and biological assays.

2.3 Essential oil analysis

The analysis was carried out on an Agilent 7890A GC coupled to a 5975C mass spectrometer using a
non-polar HP5-MS fused silica capillary column (5 % phenyl — 95 % methylsiloxane, 30 m x 0.25 mm
i.d. x 0.25 mm film thickness) and EI-MS of 70 eV. The operating conditions were: carrier gas: He;
flow rate: 1 mL min™; split inlet: 1:100; injector and detector temperature: 250 °C; analysis program:
40 °C for 4 min and 40 °C - 320 °C at 4 °C min™. The constituents of the EO were identified by
comparison of the mass spectra and Kovats retention index with the literature and a mass spectral data
bank (NIST, 2008; Adams, 2009).
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Quantitative analysis was performed on a Agilent 7890A gas chromatograph equipped with a flame
ionization detector using a non-polar HP-5 fused silica capillary column (5 % phenyl — 95 %
methylsiloxane 30 m x 0.25 mm i.d. x 0.25 pm film thickness). Helium was used as a carrier gas at a
flow rate of 1 mL min™ in splitless mode. Both injector and detector temperatures were set at 300 °C.
A sample of EOL was injected in triplicate, and the analysis program corresponded to that described
for CG-MS.

2.4 Experimental procedures

Before use, EOL was diluted 1:10 in 99.5 % ethanol. The anesthetic was placed in the water where the
mussels were already acclimated, and diluted by smooth movements with the aid of a glass rod. The
anesthetic was added to the water only if animals presented their natural behavior with semi-open
valves, closed only by the edge of the mantle. Experiments were also performed using aquaria
containing only ethanol at a concentration equivalent to the dilution used at the highest anesthetic
concentration tested. Control groups consisted of animals submitted to the same procedure, but in
anesthetic-free water. To evaluate the time required for anesthesia induction, 10 animals, each placed
in individual aquaria with 1 L of water, were used for each concentration tested, and each one was
used only once to observe the different anesthesia stages following criteria adapted from Lellis et al.
(2000) (Table 1). The mussels were considered sedated when they showed semi-open valves (with the
edge of the mantle open) and responded to touch by closing the valves and anesthetized when they had
wide open valves (also with the edge of the mantle open) and did not respond to touch. Mussels were
considered recovered when they had the ability to respond to touch by closing the valves. Upon
detection of anesthesia or after a predetermined period of 1 h of exposure to EOL, animals were rinsed
in clean water and individually transferred to continuously aerated 4 L aquaria containing 2 L of water

to measure recovery time.

2.5 Experiment 1 - Single application of the anesthetic

Fifty mussels (30 males and 20 females, weight: 14.39 £ 0.47 g; length: 52.23 £ 0.58 mm; height:
24.83 £ 0.35 mm and width: 19.24 + 0.25 mm) were used. In this study, mussels of both sexes were
used, to rule out any possible effect resulting from sex-based differences. Preliminary tests were
performed with 20, 30, 50, 80, 100, 120, 150, 180, 200, 250, 300, 400, 450, 500, 600, 700, 800, 900,
1000, 1200, 2000, and 2500 pL L™ EOL to choose the concentrations to be used in the experiment.
Three concentrations were chosen: 150, 300, and 450 pL L™ since, lower concentrations than the 150
uL L™ remained normal behavior within 4 hours of exposure and concentrations above 450 pL L™ no
differences in behavior with respect to the chosen concentrations.

In this experiment, the water parameters were: temperature: 23.89 £ 0.09 °C; conductivity: 49.90 +
1.66 mS cm™; salinity: 34.70 + 0.17 ppt; dissolved oxygen: 6.76 + 0.09 mg L™ (78.48 + 0.99 %
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saturation); pH: 7.93 + 0.04; alkalinity: 127.35 + 3.50 mg CaCO; L™"; and total ammonia: 0.02 + 0.01
mg L™

2.6 Experiment 2 - Gradual increase in the concentration of anesthetic

Fifty mussels (weight: 12.00 + 0.80 g; length: 48.76 + 0.80 mm; height: 23.69 + 0.52 mm and width:
17.26 £ 0.47 mm), including 30 males and 20 females, were used. Animals exposed to high
concentrations of EOL (above 200 uL L™) in the previous tests closed their valves on first contact with
the anesthetic. Therefore, in this experiment, the mussels were initially exposed to 100 pL L™ for 30
min (during which the animals did not show this behavior). Then, more anesthetic (50, 200, or 350 pL
L") was added to achieve the same concentrations as those tested in the first experiment (150, 300,
and 450 uL L™, respectively) for an additional 30 min, totaling 1 h of exposure, as in the first
experiment. The ethanol group was subjected to the same procedure: the animals were initially
exposed to 900 uL L™ ethanol (the concentration used for dilution of 100 uL L™ anesthetic) and after
30 min, more ethanol was added (3150 pL L™) to reach the concentration of ethanol (4050 pL L™)
used to dilute the highest concentration of the anesthetic. In the control group, the animals remained in
the aquaria for 1 h and then were transferred to the recovery aquaria where they remained for 30 min.
Mussels that did not reach the stage of anesthesia were also placed in the recovery aquaria for 30 min.
The water parameters were also monitored (temperature: 24.56 + 0.10 °C; conductivity: 54.31 £ 0.13
mS cm™; salinity: 36.30 + 0.12 ppt; dissolved oxygen: 6.04 + 0.07 mg L™ (71.00 + 0.84 % saturation);
pH: 7.73 £ 0.06; alkalinity: 120.12 + 4.30 mg CaCOs L™; and total ammonia: 0.11 + 0.01 mg L™).

In both experiments, the length, height, and width of the animals were measured with a digital Caliper
(Maxwell) and weighed with a precision balance Adventurer Pro (Ohaus), after recovery (n =5 in
each group). Five other animals did not go through the recovery process. Subsequently, the ten
animals were killed by hypothermia (20 min submerged in ice), and hemolymph was collected directly
from the adductor muscle using disposable syringes. The mussels were then opened by muscle section
with a scalpel inserted between the valves. The sex of each animal was defined and the gonad and gills
were collected and stored at -80 °C, as well as the hemolymph, for analysis of metabolic and oxidative

stress parameters.

2.7 Analysis of metabolic parameters

Tissues (gills and hemolymph) were dissolved in an equal volume of 20 % TCA using a Potter—
Elvehjem homogenizer. The acid homogenate was centrifuged for 10 min at 10,000 g and the
supernatant was used for metabolic determinations. Glycogen was determined using the method
described by Dubois et al., (1956) after addition of KOH and ethanol (1 mL and 3 mL, respectively)
for precipitation of glycogen. Homogenate was used to estimate protein levels according to Lowry et

al., (1951), lactate by Harrower and Brown, (1972), glucose by Dubois et al., (1956). Glycogen and
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lactate values were analyzed in the gills and hemolymph, while in the hemolymph, glucose and protein

levels were also evaluated.

2.8 Analysis of oxidative stress parameters

Tris-Hepes buffer (20 mM) was used for homogenizing the tissues 1:5 (v/v). Catalase (CAT) activity
was measured in the gonad and gills according to Nelson and Kiesow, (1972) and was expressed in U
mg protein™. The activity of glutathione-S-transferase (GST) was determined in the gonad and gills
according to the method described by Habig et al., (1974) and was expressed in U mg protein™. The
activity of superoxide dismutase (SOD) was determined in the gonad and gills according to the
method of Misra and Fridovich, (1972) and the results were expressed as SOD U mg protein™. One
unit of SOD is defined as the amount of enzyme that inhibits the rate of formation of adenochrome by
50 %.

The level of lipid peroxidation (LPO) was determined in the gonad and gills through the
malondialdehyde (MDA) reaction with thiobarbituric acid (TBA) according to Buege and Aust,
(1978). The amount of lipid peroxidation was expressed as nmol of MDA mg protein™.

The tissues (gill and gonad) were homogenized in 10 volumes (w/v) of 10 mM Tris-HCI buffer pH 7.4
using a glass homogenizer. Protein carbonyl (PC) content was assayed by the method described by
Yan et al., (1995), with some modifications. Soluble protein (0.5 mL) was reacted with 10 mM DNPH
in 2 N hydrochloric acid. After incubation at room temperature for 1 h in the dark, 0.5 mL of
denaturing buffer (150 mM sodium phosphate, pH 6.8, containing SDS 3.0 %), 2.0 mL of heptane
(99.5 %) and 2.0 mL of ethanol (99.8 %) were added sequentially, vortexed for 40 s and centrifuged at
10,000 g for 15 min. The protein extracted from the interface was washed twice by resuspension in
ethanol/ethyl acetate (1:1) and suspended in 1 mL of denaturing buffer. The carbonyl content was then
measured spectrophotometrically at 370 nm. The total carbonylation was calculated using a molar
extinction coefficient of 22,000 M cm™. The protein carbonyl content was expressed in nmol of

protein carbonyl mg protein™.

2.9 Statistical analysis

All data are presented as mean £ SEM. Homogeneity of variances among treatments was tested by
Levene’s test. Data exhibited homogeneous variances, so comparisons between different treatments
were made using two-way ANOVA and Tukey’s test. Analysis was performed using GraphPad Prism

6 and the minimum significance level was set at p = 0.05.

3. Results

3.1 Chemical composition of EOL
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Of the total chemical composition of EOL, 98.68 % was identified. Among the 30 detected
constituents, 18 were monoterpenoids (peaks 1-18, 86.45 %) and 12 were sesquiterpenoids (peaks 19-
30, 12.23 %). The main component of EOL was determined to be linalool (48.69 %), followed by
eucalyptol (10.51 %) and B-myrcene (9.74 %) (Table 2).

3.2 Unique application of EOL

Ethanol did not induce any stage of sedation or anesthesia in any of the tested animals. The mussels of
this group and the control retained their normal behavior (semi-open valves, closed only by the edge
of the mantle) in the recovery aquaria. Animals exposed to the lowest EOL concentrations (below 150
uL L™ in the preliminary tests remained with their valves semi-open (their natural behavior) and did
not reach sedation or anesthesia. Mussels subjected to EOL at concentrations of 150 puL L™ or higher
closed their valves at first contact with the anesthetic and only opened them when mussels placed in
clean water for recovery. Only 10% of animals exposed to 150 uL L™ EOL reached sedation and
anesthesia was not observed at any concentration tested. One mussel exposed to 150 uL L™ EOL not
even reaching sedation or anesthesia kept its valves fully closed for a long time during recovery (Table
3).

3.3 Gradual increase in the concentration of EOL

Animals in the control and ethanol groups did not show any stage of sedation or anesthesia and
retained their normal behavior in the recovery aquaria, as in the first experiment. The concentration
increase to 300 pL L™ EOL led to sedation in 10 % of animals, but the other tested concentrations did
not induce any stage of anesthesia. As in the first experiment, two animals exposed to 150 uL L™ EOL
not even reaching sedation or anesthesia kept their valves fully closed for a long time through recovery
(Table 4). Most animals closed the shells after adding the anesthetic in the initial concentration, same
before to supplement the final concentration of EOL. There was no mortality in either series of

experiments.

3.4 Metabolic parameters

Exposure to all EOL concentrations (both unique application and gradual increase of concentration)
increased glycogen levels in the gills and reduced them in the hemolymph compared with control and
ethanol groups. The largest glycogen changes were observed in the hemolymph of mussels exposed to
the higher EOL concentrations (300 and 450 pL L™). Glycogen levels in the hemolymph returned to
control values in the mussels exposed to these higher concentrations, after recovery. These levels
decreased significantly in the gills of recovered mussels, but were still higher than those of control and
ethanol groups (Table 5).

Lactate decreased in the gills and hemolymph of mussels exposed to all EOL concentrations (both

single application and gradual increase in concentration) compared with control and ethanol groups.
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However, mussels exposed to a single application of ethanol presented higher lactate levels in the
hemolymph when compared with controls. Lactate levels increased in the gills of recovered mussels
when compared with exposed animals irrespective of treatment, but those exposed to all EOL
concentrations presented higher values. Lactate levels in the hemolymph also increased in mussels that
recovered from exposure to a gradual increase in concentration to 150 and 300 pL L™ EOL, but these
values remained lower than in mussels that recovered from control and ethanol treatments. Mussels
exposed to all other EOL treatments kept lactate levels in the hemolymph lower than control and
ethanol groups. Mussels exposed to a single application of ethanol returned lactate levels in the
hemolymph to control values after recovery (Table 5).

Glucose values in the hemolymph of mussels exposed to all EOL concentrations (both single
application and gradual increase in concentration) were lower than in control and ethanol-exposed
mussels. After recovery, glucose values were reduced in all groups and remained lower in those that
were exposed to all EOL concentrations (Figures 1A and 1C). The protein values in the hemolymph of
animals exposed to a single application of 300 uL L™ EOL were significantly higher than in those
exposed to ethanol. The gradual increase in the EOL concentration did not change protein levels.
Protein values were lower in control animals after recovery than in those exposed to a single
concentration. Mussels recovered from exposure to single and gradual increases in concentration to
300 and 450 pL L™ EOL increased protein levels, but all recovered EOL-exposed mussels showed
higher protein levels than recovered control animals (and compared with ethanol-exposed mussels in

those exposed to unique and gradual increase of EOL concentration) (Figure 1B and 1D).

3.5 Oxidative stress parameters

The effects of EOL on oxidative stress parameters were similar in mussels exposed to a unique
application of anesthetic and to a gradual increase in concentration. The activities of CAT and SOD
were higher in gills and gonads of mussels exposed to and recovered from all EOL concentrations
compared with control and ethanol treatments. Recovered animals in all treatment groups presented
lower activities of these enzymes than exposed ones, except in the gonads of control and ethanol
groups (Figures 2 and 3). Significantly higher GST values were observed in the gills of mussels
exposed to all EOL concentrations compared with control and ethanol groups, and when compared
with recovered animals. Recovered mussels did not show any significant effect of treatment on GST
levels, but control and ethanol groups obtained significantly higher values compared with the same
treatments in exposed animals (Figures 4A and 4C). The GST values in the gonads of mussels exposed
to all treatments were significantly lower relative to the recovered animals, but no significant
difference was observed between the treatments at either sampling time (exposed or recovered)
(Figures 4B and 4D).
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Lipoperoxidation and PC were significantly lower in the gills and gonads of mussels exposed to all
EOL concentrations than in the control and ethanol groups at both sampling times (exposed or
recovered). Mussels exposed to EOL showed significantly lower values than did recovered animals
(Figures 5 and 6). In the control and ethanol groups, significantly higher LPO and PC values were
obtained for the gills of exposed animals than for the recovered ones in the same treatments, except for
LPO in the gills of animals that received a single application (Figures 5A, 5C, 6A and 6C).

4, Discussion

To identify the chemotype is considered the major compound, with concentrations above 10%
(Jannuzzi et al., 2011). Thus, in our studies, Lippia alba belongs to chemotype Linalool (48.69 %).
Some monoterpene of the essential oils, as linalool, possess local anesthetic activity (Ghelardini et al.,
1999; Galeotti et al., 2001), which could be responsible, at least in part, to their muscle relaxant
properties (Ghelardini et al., 2001). It is believed that the linalool possesses a number of
pharmacological properties, including anticonvulsant, anxiolytic, anti-inflammatory, antinociceptive
(Kamatou and Viljoen, 2008).

EOL at concentrations lower than 150 uL L™ did not induce any behavioral alterations in animals, but
at higher EOL concentrations, P. perna closed their valves immediately when EOL was added to the
water and opened them only after a relatively long recovery time. Aquilina and Roberts, (2000)
demonstrated that the abalone Haliotis iris (GMELIN 1791) exposed to 2500 pL L™ phenoxytol
propylene presented excessive mucus secretion and considerable loss of pigment in the foot. Also in
the same study, the anesthetic action of benzocaine may have been partially caused by the ethanol
used to dilute this anesthetic (Aquilina and Roberts, 2000). In the present study, P. perna from control
and ethanol groups retained their normal behavior (semi-open valves, closed only by the edge of the
mantle), contrary to Noble et al., (2009), who observed that Dicathais orbita (GMELIN 1791) closed
their valves upon exposure to ethanol (4050 pL L™). In view of this, the current result is very
satisfactory, since it was observed that ethanol is very efficient as a vehicle of administration of EOL,
without causing any change to the behavior of animals.

There is considerable variation in the response to anesthetics among the mollusk an species tested
(Lellis et al., 2000; Acosta-Salmon et al., 2005; Noble et al., 2009; Suquet et al., 2010; Torres-
Martinez et al., 2012). Thus, successful use in a species does not indicate a positive response in others
and products must be tested at different concentrations (Norton et al., 1996).

Despite the positive results achieved with EOL in inducing anesthesia and sedation in fish (Cunha et
al., 2010, 2011; Becker et al., 2012; Heldwein et al., 2012; Salbego et al., 2014; Toni et al., 2014) and
white shrimp Litopenaeus vannamei (BOONE 1931) (Parodi et al., 2012), this oil showed no efficacy

as an anesthetic in P. perna at any of the concentrations tested. Only 10 % sedation was observed in
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mussels exposed directly to 150 uL L™ and when added gradually to the water up to 300 uL L™
Similar to the present study, exposure of Elliptio complanata (LIGHTFOOT 1786) and Nodipecten
subnodosus (SOWERBY 1835) to menthol (125-500 mg L™ and 250 mg L™, respectively) did not
achieve anesthesia within 3 h of exposure (Lellis et al., 2000; Torres-Martinez et al., 2012).

The distribution of contaminants and/or xenobiotics in the organs of mussels varies due to differences
in the contact surfaces, affinities, and rates of accumulation and excretion among tissues (Yap et al.,
2008; Verlecar et al., 2008). In this context, the gills represent the first line of contact (Livingstone et
al., 1992; Almeida et al., 2005) and their high sensitivity is the result of direct exposure to oxygen
during breathing (Cossu et al., 1997). The gills reflect the state of the aquatic environment and
changes in antioxidant enzyme activities do not depend on the physiological state as they do in the
gonads. On the other hand, the antioxidant complex of the gonads is affected not only by the
environment but also by certain internal factors (e.g. spawning) (Vidal-Linan et al., 2010).
Physiological stress detection in invertebrates such as clams is difficult because their endocrine organs
are not clearly differentiated. Thus, the gills and gonads are important organs in bivalves and were
chosen to investigate the mechanisms of antioxidant defense relative to exposure to EOL.

Glycogen is an important energy reserve for most animal species (Greenberg et al., 2006) and from its
degradation, glucose becomes readily available to the tissues when required (Berthelin et al., 2000;
Zeng et al., 2013). In bivalves, glucose is essential for gamete development and tissue maintenance
(Mathieu and Lubet, 1993; Giacomin et al., 2014).

The closure of the shell and concomitant reduction of the oxygen consumption rate can suggest that
possibly less energy being used for breathing and feeding activities (Kim et al., 2001), thus justifying
why glycogen values were higher in the gills of P. perna exposed to EOL compared with controls and
reduced after recovery. The results showed that these bivalves mobilized stored energy (glycogen) and
may use protein breakdown to deal with the exposure to EOL. The glycogen values in the hemolymph
were significantly lower in animals exposed to EOL and these values increased after recovery, the
reverse of what happened in the gills. The results of the present study show that an energy reserve as
important as glycogen (Mouneyrac et al., 2008) was mobilized to maintain homeostasis (Smolders et
al., 2004; Voets et al., 2006) during exposure to EOL. This is in agreement with previous studies
showing that a reduction in glycogen in the hemolymph occurs in many aquatic organisms exposed to
environmental change (Hummel et al., 1996).

Stressed bivalves increase glucose levels in the tissues (Yusufzai et al., 2010). Apparently, exposure to
EOL reduced stress in P. perna and consequently, glucose is decreased in the hemolymph. In
agreement with this hypothesis, in mussels exposed to EOL, the glycogen decreased in the hemolymph
because it was stored in the gills (where it increased). This pattern was maintained even after recovery.
During air exposure (as when valves are closed) pyruvate kinase and lactate dehydrogenase activities

increased in Mytilus galloprovincialis (LAMARCK 1819), increasing lactate production (Lushchak et
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al., 1997). In P. perna exposed to EOL, less lactate was produced in the gills and hemolymph, suggest
the activation of routes alternatives in the energy production. After recovery, glucose levels decreased
in all groups compared with exposed ones, but glycogen was reduced (compared with exposed ones)
only in those exposed to EOL, in which there was a higher lactate increase in the gills. Apparently,
after recovery, lactate was used as a source of energy for maintaining the general supply of free energy
as ATP.

Protein values in tissues have been widely used as an animal health index, and are even suggested as a
reliable biomarker for stress in mussels following exposure to metals or other chemicals
(Pytharopoulou et al., 2006; Vijayavel et al., 2009; Almeida et al., 2014). A decrease in total protein
levels can be attributed to a general decrease in metabolic activity (Baudrimont et al., 1997; Geret et
al., 2003). Protein in hemolymph has an important role in hemocyte stability, oxygen transport and
integrity of the cell (Vijayavel et al., 2005). There were no significant changes in the hemolymph
protein levels in P. perna exposed to EOL compared with the control. However, animals that have
undergone recovery from exposure to 300 and 450 uL L™ EOL presented significantly higher values
of protein in the hemolymph.

CAT is the primary defense against oxidative damage, and is widely used as a biomarker in bivalves
(Romeo et al., 2003). In this study, there was an increase in CAT and SOD activity in the gills and
gonads of animals exposed to EOL, demonstrating that in these tissues, an adjustment to EOL
exposure occurred. Such enzymes are important components of different detoxification pathways,
antioxidants and tolerance to stress (Parodi et al., 2012). Azambuja et al., (2011) also observed an
increase in CAT activity in silver catfish (Rhamdia quelen, QUOY AND GAIMARD 1824)
transported with EOL added to the water. P. perna exposed to air for 4 h increased SOD activity and 1
h after reoxygenation, this activity decreased to baseline values (Almeida et al., 2005). The decreased
CAT and SOD activity of mussels after recovery (but not enough to reach control levels) suggest that
oxidative stress likely decreased.

Comparison of the antioxidant defense system between the bivalve tissues presents some discrepancies
between species (Almeida et al., 2005). In this study, the GST activity values present in the gills were
higher than in the gonads of P. perna. This was likely related to the gills being a more active site than
the gonads because of their direct contact with the environment and exposure to oxygen due to
respiratory function, providing the removal of unwanted compounds from the body (Almeida et al.,
2005). Increased GST in gills compared with other tissues, such as the digestive gland, was also found
in P. perna mussels exposed to air (Almeida et al., 2005).

In the current study, the GST activity in the gills increased with exposure to EOL and in recovered
animals the values decreased, returning to values significantly similar to those of control mussels. This
result is in accordance with a study by Parodi et al., (2012), where the hemolymph of shrimp (L.
vannamei) displayed increased GST values when exposed to EO of Aloysia triphylla ((L'Hér.)

BRITTON 1925), EOL, and eugenol, which may be a response designed to mitigate the toxic effects
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of these anesthetics or to neutralize the damaging effects of free radicals generated directly or
indirectly by them.

The P. perna tested in this study decreased LPO and PC when exposed to EOL compared with the
ethanol-exposed and control mussels. The levels of these parameters returned to near control values
similar after recovery from almost all EOL concentrations. Apparently, EOL is effective in combating
the oxidative stress induced by closure of the valves, because Almeida et al., (2005) verified that P.
perna exposed to air (valves closed) increased TBARS (or LPO).

The EOL did not produce a satisfactory anesthetic effect, taking into account the shell closing as
animal welfare behavior in the face of a xenobiotic. On the other hand, exposure to EOL had a positive
effect because increased activity of the antioxidant enzymes CAT, GST, and SOD decreased LPO and
PC and were not lethal. This may suggest that the EOL and consequently, the multifunctional hypoxia
by closing the valves, improved the response of antioxidant defenses and reduced oxidative stress, and

could be useful in handling P. perna.
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Legends

Figure 1. Glucose and protein levels in the hemolymph of Perna perna exposed to a single (A and
B, respectively) and gradual increase (C and D, respectively) in concentration of the essential oil
of Lippia alba. Different letters indicate significant differences between treatments at the same
sampling times (exposed or recovered). *Indicates significant difference from exposed mussels (p <

0.05). Results are expressed as mean = SEM.

Figure 2. Activities of catalase (CAT) in gills and gonads of Perna perna in response to a single
(A and B, respectively) and gradual increase (C and D, respectively) in concentration of the
essential oil of Lippia alba. Different letters indicate significant differences between treatments at the
same sampling times (exposed or recovered). *Indicates significant difference from exposed mussels

(p < 0.05). Results are expressed as mean + SEM.

Figure 3. Activities of superoxide dismutase (SOD) in gills and gonads of Perna perna to a single
(A and B, respectively) and gradual increase (C and D, respectively) in concentration of the
essential oil of Lippia alba. Different letters indicate significant differences between treatments at the
same sampling times (exposed or recovered). *Indicates significant difference from exposed mussels

(p < 0.05). Results are expressed as mean + SEM.

Figure 4. Activities of glutathione-S-transferase (GST) in gills and gonads of Perna perna in
response to a single (A and B, respectively) and gradual increase (C and D, respectively) in
concentration of the essential oil of Lippia alba. Different letters indicate significant differences
between treatments at the same sampling times (exposed or recovered). *Indicates significant

difference from exposed mussels (p < 0.05). Results are expressed as mean + SEM.
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Figure 5. Lipid peroxidation (LPO) in gills and gonads of Perna perna in response to a single (A
and B, respectively) and gradual increase (C and D, respectively) in concentration of the
essential oil of Lippia alba. Different letters indicate significant differences between treatments at the
same sampling times (exposed or recovered). *Indicates significant difference from exposed mussels
(p < 0.05). Results are expressed as mean + SEM.

Figure 6. Protein carbonyl (PC) in gills and gonads of Perna perna in response to a single (A and
B, respectively) and gradual increase (C and D, respectively) in concentration of the essential oil
of Lippia alba. Different letters indicate significant differences between treatments at the same
sampling times (exposed or recovered). *Indicates significant difference from exposed mussels (p <

0.05). Results are expressed as mean = SEM.



37

7 ) | Wk
+ I = (I %5
bl | 2y | %
= O
L] w...&.
o o %r
# = (.
2
L | | R &n.n.
- -
o
£
ol | m R
-
A I - I
T T T T T T T T 1 n.__u_
(=] (=] (=] (=] = = = = =
& = 2 = = = =
_:.m.:wa_u 6 Buw) weypouy (,.enssy B Bw) wimoiy
= =
b | |
= = I,
&V
5 i I B %
= = M
Mve
N | i -
- -
vw__u
3 , . %
.M T ol i . | rs
g7 - om— -
v w L8
- | T v

Figure 1

635

{9, Bw) asoon)g

(0, Bw) asoan|g

Treatments

Treatments

636
637
638
639
640

641
642
643

644
645
646

647
648
649
650
651
652
653



654  Figure 2

B Eposed
Recovered Gills Gonads
A
5 8+
".:; 4 b ‘:; l* C* bt
E o* E s
2 o 2
E" 24 * * EE”
= = 3 b b b 2 a a a b b b
-l a - - - P B - - = =
S - 5 l I
I T 0- T T
C
) 5 o]
":-‘ - " c* +
2 5 3
g g Y
2 o a* =y b 2 g 4 g 4 b b b
= a a - - 2_ - - - - -
14 ] -
- - T T
b, Y = = ", n
o il v i .5.'3“ & S e e
- o 5 o & o o
& &F & 'h@ g; & N@"’ rb@" h@*
Treatments Treatments
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671

672



673

674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691

39

Figure 3
Il Sxposed
Recovered Gills
A
G b b b
=
£ .
a
g 2 - b* b* b*
E a* ar - - -
o 2 - -
o
(=]
172]
D_ T T T
6 b b
e
g .
a
2 a B
: 2_AI I |
o
o
73]
0 o n
\.-\‘ N.-\;
':'g. -._ L ¥
¢ ,\@ ﬂ_gﬁ &
Treatments

SOD (U mg protein™)

S0D(U mag prutein'1:|

Gonads

.

A

4

0

B-

ra

4

o

& &
Treatments



692  Figure 4

Bl Eposed
Recoverad Gills Gonads
8 b b 1.0+ g a* a* a* gt
— c - a = a = alp a = =
| £ 0.8
2 g
s, a - - - o £ 0.6
3] — - - - - -
E 2_| I E o
(L] (L]
o+ T 0.0- T T
. [
8 b b 1.0+ a* a* a* g a*
- c - = a™ apfmy alt =
S . c 0.5 .
]
g 8
I B A B a 06
=] 1 - - - - - [=¢]
al
=4 b 0.2
(L] (L]
I:I_ T \I ﬂ.{l— T T T
& g - a & & " - »
{1@ Ty \.}I \:.r S A Fa \:\.-' b b
oF & '&?o 'h@o ﬁh&’ o @4‘* 4}}@ rb@o ‘5:{':'
Treatments Treatments
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709

710



41

711  Figure5

Il Sposed

Recovered Gills Gonads
a a a* a a* a* a*

10+
T g -
b* E’ b*
& b o B 6 b b b
4
2_
CI_ T T T I:l_ T
c [
|:|_

Dé@@@

" )
Treatments Treatments

=}
1

[=1]
1

P
1
LPO (nmol mg prot-ain":

LPO (nmol mg protein™)
I

LPO (nmal mg prntein"]
.

LPO (nmol mg protein 1:|
= %] = o [=]
1 1 1 1 1
]
- I -
. I
" =2
1

712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729



730

731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747

Figure 6
Il Eposed
Recovered Gills
10+
".'E a
] B
2 . a*
2 ac T
B g4 T b* be*
e - r
E by b b
3 H
E
E 2
3]
o
0
104
'-; a8
— B_
ﬁ a* a*
a & - - . L*
[= ] b -
E b\ b b
3 4
£
Z 4
&
'D' T
% A, 8 =
£ B B St
& ® & & &
o
MG

Treatments

T

=]

PC (nmal mg prutﬂ-in'1]

PC (nmol mg protein™)

=
o
1

-
=
1

l.'_-

hi‘

t

104
c
5- I
0

Qx

.-"

\:o.f'
ﬁ? e $

Treatments

3
&

[
B
oy

a z 3
- -
b
c c
5_ I L
0- T

42



748
749
750

751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776

43

Tables

Table 1. Stages of anesthesia in mussel Perna perna, adapted from Lellis et al. (2000).

Stages of Behavioral response

anesthesia
Stage | Semi-open valves, closed only by the edge of the mantle (natural behavior)
Stage 1l Semi-open valves, edge of the mantle open and responded to touch by closing

the valves (sedation)
Stage I Open valves and did not respond to touch (anesthesia)

Recovery Ability to respond to touch by closing the valves
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Table 2. Chemical components of the essential oil of Lippia alba. RT: Retention time; RI Calc:

Calculated retention index; RI Lit: Literature retention index (NIST, 2008; Adams, 2009).

44

Peak RT Compound RI RI Lit %
Calc

1 10.37 a-pinene 931 932 0.52
2 11.91 5-hepten-2one-4,6-dimethyl 969 973 1.32
3 11.99 sabinene 971 973 0.30
4 12.08 [B-pinene 974 975 0.61
5 12.79 [B-myrcene 991 992 9.74
6 14.20 limonene 1027 1028 0.53
7 14.30 eucalyptol 1029 1030 10.51
8 15.07 B-E-ocimene 1049 1048 4.86
9 17.06 linalool 1100 1100 48.69
10 18.17 2.6-dimethyl-1,3,5,7 —octatretaene, E,E 1130 1134 2.81
11 18.70 camphor 1144 1143 1.86
12 20.46 a-terpineol 1191 1190 0.19
13 20.68 E-dihydrocarvone 1197 1195 0.47
14 20.85 y-terpineol 1202 1199 0.48
15 20.96 Z-dihydrocarvone 1205 1205 0.70
16 21.11 E-carveol 1209 1207 0.86
17 22.28 neral 1243 1240 0.77
18 23.31 geranial 1273 1270 1.23
Total of Monoterpenoids 86.45

19 26.79 copaene 1377 1377 0.33
20 27.31 B-elemene 1393 1391 2.06
21 28.18 [-caryophyllene 1421 1418 4.19
22 29.24 a-caryophyllene 1455 1454 1.30
23 29.32 [-Z-farnesene 1458 1457 0.22
24 30.10 y-muurolene 1483 1480 1.00
25 30.83 germacrene A 1507 1509 0.78
26 31.13 y-cadinene 1517 1518 0.49
27 31.38 d-cadinene 1525 1524 0.86
28 32.37 germacrene B 1559 1561 0.22
29 32.54 E-nerolidol 1565 1563 0.38
30 33.15 caryophyllene oxide 1586 1583 0.40
Total of Sesquiterpenoids 12.23

Total identified 98.68
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785  Table 3. Effect of essential oil of Lippia alba (unique concentration) on sedation, anesthesia and
786  recovery (time in seconds) of Perna perna. Valves: semi-open valves, closed only by the edge of the
787  mantle (natural behavior - NB), semi-open valves (SO) and closed valves (C). Recovery: with

788  recovery (+) or without recovery (-). Each concentration n = 10.

Anesthetic  Concentration  Valves Sedation Anesthesia  Recovery Recovery

(UL L) (s) (s) time (s)
NB - - + 0
C - - + 5032
C - - + 0
C - - + 0
NB - - + 0
150 SO 2155 - - -
C - - - -
C - - - -
C - - - -
C - - - -
C - - + 0
C - - + 0
C - - + 0
C - - + 0
- C - - + 0
Lippia alba 300 C - - - -
C - - - -
C - - - -
C - - - -
C - - - -
C - - + 0
C - - + 0
C - - + 0
C - - + 0
C - - + 0
450 C - - - -
C - - - -
C - - - -
C - - - -
C - - - -

789
790

791
792
793
794
795
796
797
798
799



800
801
802
803

804
805
806
807
808
809
810
811
812
813

46

Table 4. Effect of gradual increase in essential oil of Lippia alba concentration on sedation, anesthesia

and recovery (time in seconds) of Perna perna. Valves: semi-open valves, closed only by the edge of

the mantle (natural behavior - NB), semi-open valves (SO), and closed valves (C). Recovery: with

recovery (+) or without recovery (-). Each concentration n = 10.

Anesthetic Final Valves  Sedation Anesthesia Recovery Recovery
concentration (s) (s) time (s)
(uL L™
C - - + 0
C - - + 3968
C - - + 2253
C - - + 0
C - - + 0
150 NB - - - -
C - - - -
C - - - -
C - - - -
C - - - -
C - - + 0
C - - + 0
C - - + 0
C - - + 0
. SO 1455 - + 3320
Lippia alba 300 C - - - -
C - - - -
C - - - -
C - - - -
C - - - -
C - - + 0
C - - + 0
C - - + 0
C - - + 0
C - - + 0
450 C -
C
C
C
C
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Table 5. Levels of glycogen and lactate in gills (umol g tissue™) and hemolymph (umol mL™) of

Perna perna exposed to essential oil of Lippia alba. Means followed by different letters in the

columns indicate significant differences between treatments at the same sampling times (with or

without recovery). *Indicates significant difference from exposed mussels (p < 0.05). Results are mean

+ SEM.
Unique application of the Gradual increase in the
anesthetic concentration of the anesthetic
Exposed Recovered Exposed Recovered
Glycogen
Gills
Control 110.72+1.63°  114.42+2.54° 111.20+1.28° 112.14+0.86°
Ethanol 112.00£1.792  114.42+2.542 110.80+2.85° 112.14+0.86°
150 puL L*? 139.20+2.31°  128.86+0.93""  138.00+2.95"°  130.60+1.20”
300 pL L™* 146.60+3.03°  133.46+0.52°  146.60+2.56°  133.26+0.87"
450 pL L 141.40+3.06°  131.42+0.67" 141.00+2.14°°  131.20+0.43°
Hemolymph
Control 10.56+0.05? 8.33+0.11* 11.05+0.322 8.16+0.11*
Ethanol 10.24+0.202 8.33+0.25° 10.79+0.282 8.24+0.26%
150 puL L*? 7.85+0.09° 9.14+0.15" 7.90+0.08" 9.05+0.04""
300 puL L™ 6.52+0.15° 8.24+0.19% 6.60+0.07° 8.37+0.16%"
450 pL L* 6.40+0.04° 8.09+0.07* 6.41+0.05° 8.18+0.11*
Lactate
Gills
Control 17.32+0.48¢  21.54+0.31F 17.70+0.342 21.84+0.37*
Ethanol 17.34+0.50°0  22.34+0.45% 17.48+0.55% 22.08+0.44*
150 puL L™ 13.46+0.09°  28.84+0.66" 14.12+0.34° 28.72+0.54"
300 pL L™* 12.96+0.19°  32.28+0.39 12.88+0.33" 32.08+0.47
450 pL L 14.04+0.25"  30.52+0.36% 14.10+0.33° 31.22+0.50%
Hemolymph
Control 1.38+0.022 1.30+0.012 1.38+0.032 1.45+0.032
Ethanol 1.54+0.04° 1.26+0.03% 1.48+0.042 1.37+0.06°
150 puL L*? 0.86+0.03° 0.95+0.03° 0.86+0.03° 1.19+0.04”
300 pL L 0.87+0.03° 0.91+0.05" 0.88+0.01° 1.07+0.07"
450 pL L 0.86+0.01° 0.82+0.02° 0.86+0.02° 0.90+0.03°
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Essential oil of Lippia alba as sedative and anesthetic for sea urchin Echinometra
lucunter (Linnaeus, 1758)

This study evaluated the use of the essential oil of Lippia alba (EOL) as sedative and anesthetic in the
sea urchin Echinometra lucunter. Three different concentrations were tested (50, 100, and 150 pL L™,
as well as an ethanol and control groups, totaling five treatments. After anesthesia (maximum 15 min)
and recovery to the different treatments, coelomic fluid, gonads and intestine were collected for
analysis of oxidative stress parameters. The highest concentration tested (150 puL L™) was chosen as
the optimal concentration for anesthesia and the lowest one (50 pL L™) did not induce anesthesia,
being chosen the ideal for sedation. Anesthesia with the EOL decreased TBARS levels and increased
significantly the activity of the antioxidant enzymes SOD and CAT in the coelomic fluid and gonads
(except that only 100 pL L™ EOL increased CAT in the gonads), demonstrating that EOL increases the

antioxidant activity and improves the response to oxidative stress, compared to control animals.

Keywords: cidreira herb, echinoderms, handling, oxidative stress, recovery.

1 Introduction

The commercialization and exportation of echinoderms has been increasing in several
countries (Micael et al. 2009). The sea urchin Echinometra lucunter has wide distribution
throughout the West Indies and the western Atlantic Ocean between Florida and Bermuda to
southern coast of Brazil (McPherson 1969; Lewis and Storey 1984). In the Brazilian coast this
species is found on rocks, occupying dens or crevices, is exposed to the air during low tide
and also habits constantly submerged areas with depths up to 45 m (Grinbaum et al. 1978).

This species is consumed as food by fishermen, the low-income population (such as in
the Northeast of Brazil) (Alves et al. 2006) and sold whole or only the gonads by high prices
to restaurants of European and Asian origin. They are also sold to marine aquariums (where
live animals may be even more expensive), or used as experimental models in studies (Micael
et al. 2009) and until the carapaces can be used as decorative artifacts (Alves et al. 2006).

During echinoculture the animals undergo common procedures as handling and
transportation which often cause stress, leading to unplanned (spontaneous) spawning and
mortality (Luis et al. 2005; Arafa et al. 2007). Spontaneous spawning of sea urchin reduces
the size of the gonads, decreasing their quality and commercial value. Stress can trigger

production of reactive oxygen species and to occurs an imbalance between oxidants and
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antioxidants in favor of oxidants, leading the break of the redox control (lowering-oxidation
reactions) and/or damages molecular, situation called of oxidative stress (Sies and Jones
2007). The study of different systems related to oxidative stress, in these organisms, can give
important information about their physiological status.

Anesthesia facilitates the detachment of the animal from the substrate, which is another
common problem encountered by researchers and producers (Hagen 2003). Thus, anesthesia
can be a valuable technique to handle sea urchins and avoid such drastic consequences.
However, little is known about the role of anesthetics against stress of sea urchins (Arafa et al.
2007). Studies with natural anesthetics have increased considerably in recent years (Moreira
et al. 2010). Lippia alba (Verbenaceae), popularly known as cidreira herb, is a native plant
widely distributed in Brazil (Terblanche and Kornelius 1996), whose essential oil has sedative
and anesthetic activity (Cunha et al. 2010, 2011; Parodi et al. 2012; Toni et al. 2014) and
antioxidant activity in fish (Azambuja et al. 2011; Salbego et al. 2014) and shrimps (Parodi et
al. 2012). Hence, the objective of this study was to evaluate the use of essential oil of L. alba

(EOL) as sedative and anesthetic in E. lucunter.

2 Materials and methods

2.1 Acquisition of animals and acclimation

Eighty animals (56.07 £1.12 mm in diameter; 128.48 + 3.51 g; and 39.41 £ 0.94 mm in
height) were collected close to the shore of the beach at Ilha do Boi, Vitoria, Espirito Santo
(ES) state, southeast Brazil, and transferred to the Laboratory of Applied Ichthyology at the
University Vila Velha (UVV). The animals were acclimated in continuously aerated 310 L
tanks (without substrate) for five days.

Water quality was monitored: temperature, conductivity and salinity by YSI
conductivity (EC 300, Yellow Springs Inc. Ohio, EUA), and dissolved oxygen saturation
were monitored using a YSI oximeter (OD 200), pH with a YSI pH meter (pH 100), alkalinity
by titulation and total ammonia (indophenols method) according to APHA (1998). The
collections of the animals from the environment were conducted with due authorization from
Brazilian Institute of Environment and Renewable Natural Resources (IBAMA) (n° 33571)
(Anexo D).The methodology of this experiment was approved by the Ethical Committee on
Use of Animals of the University Vila Velha (Process no 218/2012) (Anexo E).

2.2 Plant material
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Lippia alba was cultivated in Frederico Westphalen, Rio Grande do Sul state, southern
Brazil. A voucher specimen (SMDB n. 10050) was deposited in the herbarium of the
Department of Biology (UFSM). The EOL was obtained from fresh plant leaves by
hydrodistillation for 2 h using a Clevenger type apparatus (European Pharmacopeia 2007) and

was stored at -20 °C until composition analysis and biological assays.

2.3 Essential oil analysis

The analysis was carried out on an Agilent 7890A GC coupled to a 5975C mass
spectrometer using a non-polar HP5-MS fused silica capillary column (5 % phenyl — 95 %
methylsiloxane, 30 m x 0.25 mm i.d. x 0.25 mm film thickness) and EI-MS of 70 eV. The
operating conditions were: carrier gas: He, flow rate: 1 mL min™; split inlet; 1:100; injector
and detector temperature: 250 °C; analysis program: 40 °C for 4 min and 40 °C - 320 °C at 4
°C min™. The constituents of the EO were identified by comparison of the mass spectra and
Kovats retention index with the literature and a mass spectral data bank (NIST 2008; Adams
2009).

Quantitative analysis was performed on a Agilent 7890A gas chromatograph equipped
with a flame ionization detector using a non-polar HP-5 fused silica capillary column (5 %
phenyl — 95 % methylsiloxane 30 m x 0.25 mm i.d. x 0.25 pum film thickness). Helium was
used as carrier gas at a flow rate of 1 mL min™*; splitless mode; both injector temperature and
detector temperature were set at 300 °C. Sample of EOL was injected in triplicate, and the

analysis program corresponded to that described for CG-MS.

2.4 Experimental procedures

The EOL was previously diluted 1:10 in 99.5 % ethanol and then added to 2 L aquaria
containing 1 L of water. Subsequently, the animal was transferred from the acclimation tank
to these individual aquaria to assess the behavioral stages. The water parameters were:
temperature: 27.08 + 0.14 °C; conductivity: 57.44 + 0.20 mS cm™; salinity: 36.63 + 0.19 ppt;
dissolved oxygen: 6.18 + 0.13 mg L™ (73.58 + 2.09 % saturation); pH: 8.06 + 0.05; alkalinity:
132.57 + 3.97 mg CaCOs L™*; and total ammonia: 0.05 + 0.02 mg L™

Previous tests were performed with 25, 50, 80, 100, 150, 200, 250, 300 and 400 pL L™
EOL to choose the concentrations to be used in the experiment. Three concentrations were
chosen (50, 100 and 150 pL L™), since, lower concentrations than the 50 uL L™ remained

normal behavior within 1 hour of exposure and concentrations above 150 pL L™ no
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differences in behavior with respect to the chosen concentrations. Experiments were also
performed using aquaria containing only ethanol at a concentration (1350 uL L™) equivalent
to the dilution used at the highest anesthetic concentration tested. The control group consisted
of animals submitted to the same procedure, but in anesthetic-free water. To evaluate the time
required for sedation and anesthesia induction, sixteen animals, each being placed in
individual aquaria, were used for each concentration tested, and each one was used only once
to observe the different behavioral stages following criteria adapted from Santos (2010)
(Table 1). Upon detection of anesthesia or after the predetermined period of anesthetic
exposure (average time of anesthesia - 15 min), the animals were rinsed in clean water and
transferred to continuously aerated 6 L aquaria containing 3 L of water to assess recovery
time.

Animals that did not anesthetize and control and ethanol groups remained in the
recovery aquaria for the mean time of recovery of anesthetized animals (10 min). The
diameter and height of the carapace were measured with a digital caliper Caliper (Maxwell)
and they were weighed with a precision balance Adventurer Pro (Ohaus), after recovery (n=8)
(sampling time recovered). Eight other animals have not gone through the recovery process
(sampling time exposed). Subsequently, all animals were killed by hypothermia (20 minutes
submerged in ice) and the coelomic fluid that surrounds the lantern of Aristotle was collected
with disposable syringes. Sea urchin were then opened by sawing the shell, with the help of a
saw Dremel, when gonad and intestine were collected and stored at -80 °C for analysis of

oxidative stress parameters.

2.5 Analysis of metabolic parameters

Tissues (gonads and intestine) were dissolved in an equal volume of 20 % TCA using a
Potter—Elvehjem homogenizer. The acid homogenate was centrifuged for 10 min at 10,000 x
g and the supernatant was used for the metabolic determinations. Homogenate was used to
estimate the protein level according to Lowry et al. (1951) and total lipid was analyzed by

commercial kit (Labtest).

2.6 Analysis of oxidative stress parameters
2.6.1 Lipid peroxidation (TBARS)

Lipid peroxidation was estimated in the coelomic fluid, gonad and intestine by TBARS
(thiobarbituric acid-reactive substances) assay, performed by a malondialdehyde (MDA)

reaction with 2-thiobarbituric acid (TBA), which was optically measured according to Buege
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and Aust (1978). Aliquots of supernatants (0.25 mL) were mixed with 10 % trichloroacetic
acid (TCA) (0.25 mL) and 0.67 % thiobarbituric acid (0.5 mL) to adjust to a final volume of
1.0 mL. The reaction mixture was placed in a microcentrifuge tube and incubated for 15 min
at 95 °C. After cooling, it was centrifuged at 5000 x g for 15 min, and optical density was
measured by a spectrophotometer at 532 nm. TBARS levels were expressed as nmol mg

protein™.

2.6.2 Superoxide dismutase (SOD)

The activity of superoxide dismutase was determined in the coelomic fluid, gonad,
intestine and ambulacral feet according to the method of Misra and Fridovich (1972), which is
based on inhibition of the reaction of radical superoxide with epinephrine (1 mM). The
oxidation of adrenalin leads to the formation of a colored product, the adenochrome, detected
spectrophotometrically at 480 nm. The results are expressed as SOD units per milligram of
protein. One unit of SOD is defined as the amount of enzyme that inhibits by 50 % the speed

of formation of adenochrome. Superoxide dismutase activity is expressed in U mg protein™.

2.6.3 Catalase (CAT)

Catalase activity was measured in the coelomic fluid, gonad, intestine and ambulacral
feet according as method of Nelson and Kiesow (1972) by the monitoring the consumption of
H,0, by measuring the decrease in absorbance at 240 nm, in a reaction mixture containing
H,0, (15 mM) in Tris-Hepes buffer (20 mM) and 10 pL of enzyme material. Catalase activity
is expressed in U mg protein™. All assays was used Tris-Hepes buffer (20 mM) and for
homogenizing the tissue 1:5 (v/v).

2.7 Statistical Analyses

All data are expressed as mean + SEM. Homogeneity of variances among treatments
was tested by Levene’s test. Data exhibited homogeneous variances, so the time to reach the
stage of sedation, anesthesia and recovery and metabolic and oxidative stress parameters at
the different anesthetic concentrations were analyzed by one-way ANOVA and Tukey’s test.
Analysis was performed using the software GraphPad Prism 6, and the minimum significance

level was set at p <0.05.

3 Results



54

3.1 Chemical composition of EOL

From EOL total chemical composition, 98.68 % were identified, and among the 30
detected constituents, 18 were monoterpenoids (peaks 1-18, 86.45 %) and 12 were
sesquiterpenoids (peaks 19-30, 12.23 %). The main component of the essential oil of Lippia
alba was determined as linalool (48.69 %), followed by eucalyptol (10.51 %) and f-myrcene
(9.74 %) (Table 2).

3.2 Induction to sedation and anesthesia

Animals exposed to the lowest EOL concentration (25 uL L™) in the previous tests did
not reach sedation. The concentration of 50 uL L™ EOL led to sedation but was the only tested
that did not induce anesthesia. The concentration of 150 pL L™ led to anesthesia significantly
faster than 100 uL L™, but there was no significant difference in recovery time between both
concentrations (Table 3). There was no mortality through the experiments.

3.4 Metabolic parameters

Sea urchins anesthetized with 100 and 150 pL L™ EOL had lower lipid values in gonads
at both sampling times compared to other treatments (Figure 1A). The lipid values in the
intestine of sea urchins anesthetized with 100 pL L™ EOL were significantly lower in the
recovered animals than the control ones (Figure 1B).

The protein values in the gonads were higher in recovered urchins than in those exposed
t050 and 100 pl L™* EOL. Treatments with EOL resulted in the increase of protein values in
the gonads compared to control and ethanol groups at both sampling times (exposed or
recovered), except animals exposed to 100 uL L™ EOL (Figure 1C). Urchins recovered from
ethanol and all EOL concentrations exposure had higher amounts of protein in the intestine
compared to controls and those exposed. In addition, animals exposed to 100 and 150 pL L™
EOL showed lower protein values in the intestine when compared to the controls (Figure 1D).

3.5 Oxidative stress parameters

Urchins exposed to all EOL concentrations had lower TBARS values in coelomic fluid
and gonads at both sampling times compared to control and ethanol groups (Figure 2A and
B). The gonads of urchins exposed to ethanol had significantly higher TBARS values than

those from the recovered (Figure 2B). The intestine of urchins exposed to all EOL
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concentrations presented lower TBARS values compared to the control and ethanol groups
and then the recovered animals (Figure 2C).

The exposure to all EOL concentrations at both sampling times led to significantly
higher SOD activity in the coelomic fluid, gonads and intestine compared with the control and
ethanol groups, except in the intestine of those exposed to 100 uL L™ EOL (Figure 2D, E and
F). The gonads of urchins exposed to 100 and 150 uL L™ EOL presented significantly lower
SOD activity than the recovered ones (Figure 2E). The intestine of animals exposed to all
tested EOL concentrations also had significantly lower SOD activity than in the recovered
ones (Figure 2F).

The coelomic fluid of urchins exposed to all EOL concentrations showed significantly
higher CAT activity at both sampling times than the control and ethanol treatments (Figure
2G). The gonads of animals exposed and recovered from100 pL L™ EOL exposure presented
significantly higher CAT activity than in those exposed and recovered from ethanol exposure,
respectively (Figure 2H). The intestine of urchins recovered from150 pL L™* EOL exposure
had significantly higher CAT activity than the control group. The CAT activity in the
intestine of animals exposed to all EOL concentrations was significantly lower than in

recovered ones (Figure 21).

4 Discussion

To identify the chemotype is considered the major compound, with concentrations
above 10% (Jannuzzi et al. 2011). Thus, in our studies, Lippia alba belongs to chemotype
Linalool (48.69 %). Some monoterpene of the essential oils, as linalool, possess local
anesthetic activity (Ghelardini et al. 1999; Galeotti et al. 2001), which could be responsible, at
least in part, to their muscle relaxant properties (Ghelardini et al. 2001). It is believed that the
linalool possesses a number of pharmacological properties, including anticonvulsant,
anxiolytic, anti-inflammatory, antinociceptive (Kamatou and Viljoen 2008).

The usual anesthetic techniques have limited viability in sea urchins, making it
uncertain to determine sedation and anesthesia because unlike fish and shellfish, it is difficult
to determine their average anesthesia and recovery time. They are always connected to the
substrate and can also remain stationary for a long time. When disturbed, the animal shows no

response, only adheres more strongly to the surface (Hagen 2003; Arafa et al. 2007). Such
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difficulties were not found in the present study: the stages of anesthesia achieved by sea
urchins were observed with clarity and precision.

Concentrations of 100 and 150 pL L™ of the EOL achieved 100 % of anesthesia in the
animals tested, similar to the study by Hagen (2003), in which 25-100 uL L™ potassium
chloride (KCI) induced 100 % of anesthesia in green juvenile sea urchins (Strongylocentrotus
droebachiensis). The same authors verified that MgCl,, benzocaine and 2-phenoxyethanol
were less effective. The same authors stated that the cost of MgCl, exceeds that of KCI and
has an effective concentration at least 10 times higher. Benzocaine was ineffective at very
high concentrations (at least 100 times stronger than the recommended) and 2-phenoxyethanol
has no safety margin because the effective and lethal concentrations are the same.

A good anesthetic must be easy to administer and have high-efficiency relaxing activity,
easily accessible and cheap to use in large-scale commercial applications, nontoxic to sea
urchins either the operator (Arafa et al. 2010). The EOL has these advantages and it is a
natural product that can be easily applied in the commercial culture of sea urchins, including
organic cultures.

Glycogen and lipids, important energy reserves (Mouneyrac et al. 2008), are usually
mobilized to maintain homeostasis during exposure to a xenobiotic. This in turn can affect the
energy balance of animals because of the rising cost of maintenance, such as the activation of
defense and repair mechanisms (Smolders et al. 2004; Voets et al. 2006). The lipid values
found in the gonads of E. lucunter were significantly lower at the highest EOL concentrations
(100 and 150 pL L") compared to the control even after recovery. The same was observed in
the intestine of those exposed to 100 L L™ EOL compared to control ones.

When the glycogen reserves and lipids are exhausted an alternative is the use of proteins
as an energy source (Mouneyrac et al. 2008), which was confirmed in this study because in
the intestine of E. lucunter exposed to 100 and 150 pL L™ EOL lower protein values were
observed compared to control animals. In addition, urchins recovered from all exposures
(EOL and ethanol) increased protein values. However, studies by Arafa et al. (2010) reported
that carbohydrates and proteins are used as the initial energy sources in sea urchins (P.
lividus) instead of lipids. Protein catabolism plays an important role in the production of
metabolic energy (David et al. 2004), therefore the decrease of protein levels in urchins
exposed to the EOL may be due to increased protein catabolism. In view of this, energy
reserves apparently are affected by exposure to EOL.

Is not very clear the difference in response between the analyzed tissues, but according

to Almeida et al. (2005), it may be due to structural differences, possibly in relation to the
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lipid content and antioxidants, as well as the mechanism of action of the evaluated substance.
As the cells of the immune system of sea urchins, responsible for the degradation of
phagocytic particles through the production of reactive oxygen species (ROS), are located in
coelomic fluid (Gross et al. 2000), the significant increase in SOD activity and CAT in this
tissue may indicate detection of the presence of the EOL. The enzyme SOD can convert the
superoxide anion into hydrogen peroxide, which subsequently undergoes action of the
enzyme catalase (CAT) which, in turn, converts water and oxygen (Vernon and Tang 2013).
Such enzymes are important components of different detoxification pathways, antioxidants
and tolerance to stress (Parodi et al. 2012). Wang et al. (2008) found changes in SOD and
CAT activities in the coelomic fluid, of Apostichopus japonicas under heat stress and these
changes were associated with the death of the organisms tested. The lower TBARS levels and
higher SOD and CAT activities in the coelomic fluid and gonads of E. lucunter exposed to
EOL and that in general were maintained even after recovery, demonstrating that EOL
improved the response to oxidative stress and, maybe, may be useful in the treatment of sea
urchin. This is in agreement with the improvement of the antioxidant system of silver catfish
Rhamdia quelen (Azambuja et al. 2011) and white shrimp (Litopenaeus vannamei) Parodi et
al. (2012) exposed to EOL.

In conclusion, EOL is an efficient anesthetic to sea urchin E. lucunter. The best
concentration for anesthesia of this species is 150 uL L™ EOL and not caused mortality.
Despite the effects on energy reserves, it is believed that the time was too small to cause such
effects therefore, suggest that the EOL has improved the response to oxidative stress and is a

very promising anesthetic for sea urchins.
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Tables

Table 1. Stages of anesthesia used to determine the effectiveness of anesthetics in sea urchin

Echinometra lucunter (adapted from Santos 2010).

Stages of anesthesia

Behavioral response

Stage |
Stage 11
Stage 111

Stage IV
Recovery

Ambulacral feet with slow movements and/or some retracted

Ambulacral feet with little or no prehensile ability (sedation)

Retracts all ambulacral feet, losing prehensile full capacity, but the thorns
respond to touch

Stops moving and the thorns stop responding to touch (anesthesia)

The ambulacral feet retake the prehensile ability and the sea urchin starts
moving




Table 2. Chemical components of the essential oil of Lippia alba. RT: Retention time; Rl
Calc: Calculated retention index; RI Lit: Literature retention index (NIST 2008; Adams

2009).

Peak RT Compound RI Calc RI Lit %
1 10.37 a-pinene 931 932 0.52
2 11.91 5-hepten-2one-4,6-dimethyl 969 973 1.32
3 11.99 sabinene 971 973 0.30
4 12.08 B-pinene 974 975 0.61
5 12.79 B-myrcene 991 992 9.74
6 14.20 limonene 1027 1028 0.53
7 14.30 eucalyptol 1029 1030 10.51
8 15.07 B-E-ocimene 1049 1048 4.86
9 17.06 linalool 1100 1100 48.69
10 18.17 2.6-dimethyl-1,;,5l,57 —octatretaene, 1130 1134 5 81
11 18.70 camphor 1144 1143 1.86
12 20.46 a-terpineol 1191 1190 0.19
13 20.68 E-dihydrocarvone 1197 1195 0.47
14 20.85 y-terpineol 1202 1199 0.48
15 20.96 Z-dihydrocarvone 1205 1205 0.70
16 21.11 E-carveol 1209 1207 0.86
17 22.28 neral 1243 1240 0.77
18 23.31 geranial 1273 1270 1.23

Total of Monoterpenoids 86.45

19 26.79 copaene 1377 1377 0.33
20 27.31 [-elemene 1393 1391 2.06
21 28.18 B-caryophyllene 1421 1418 4.19
22 29.24 a-caryophyllene 1455 1454 1.30
23 29.32 [-Z-farnesene 1458 1457 0.22
24 30.10 y-muurolene 1483 1480 1.00
25 30.83 germacrene A 1507 1509 0.78
26 31.13 y-cadinene 1517 1518 0.49
27 31.38 d-cadinene 1525 1524 0.86
28 32.37 germacrene B 1559 1561 0.22
29 32.54 E-nerolidol 1565 1563 0.38
30 33.15 caryophyllene oxide 1586 1583 0.40
Total of Sesquiterpenoids 12.23

Total identified 98.68

64



65

Table 3. Time, in seconds, to induce the main behavioral stages of sea urchin (Echinometra
lucunter) (n = 16) exposed to different concentrations of essential oil of Lippia alba (uL L™).
Means followed by different letters in the columns indicate significant differences between
concentrations at the same stage and same anesthetic by ANOVA and Tukey test (p < 0.05).
There were no significant differences between sampling times in the same concentration and
stage by two-way ANOVA (p < 0.05). Results are mean + standard error. — This

concentration did not induce the behavioral stage.

Sampling  Concentration Behavioral stages (s)
: -1
times (ML L) Sedation Anesthesia
50 707.86 + 30.33° -
Exposed 100 360.86 + 33.53" 1551.20 + 60.84°

150 216.43 + 6.46° 895.00 + 78.25" Recovery
50 585.00 + 108.26% - 344.29 + 29.37°

Recovered 100 249.00 + 37.33" 1561.75 + 57.67% 739.86 + 62.87"

150 257.71 + 35.27° 740.00 + 86.59" 534.50 + 65.67%
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Figure 1. Levels of lipids in gonads (A) and intestine (B) and protein in gonads (C) and

intestine (D) of sea urchin Echinometra lucunter exposed to different concentrations of the

essential oil of Lippia alba. Different letters indicate significant differences between
treatments at the same sampling times (exposed or recovered). *Indicates significant

difference from exposed sea urchin (p < 0.05). Results are expressed as mean = SEM.
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Figure 2. Levels of thiobarbituric acid reactive substances (TBARS), superoxide dismutase
(SOD) and catalase (CAT) in coelomic fluid (A, D and G, respectively), gonads (B, E and H,
respectively) and intestine (C, F and I, respectively) of sea urchin Echinometra lucunter

exposed to different concentrations of the essential oil of Lippia alba. Different letters

indicate significant differences between treatments at the same sampling times (exposed or

recovered). *Indicates significant difference from exposed sea urchin (p < 0.05). Results are

expressed as mean £ SEM.
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ABSTRACT

The aim of this study was to determine the essential oil of Lippia alba (EOL) efficiency as sedative
and anesthetic in sea bass (Dicentrarchus labrax), and its response to stress. In the first experiment,
different concentrations of EOL were tested and time to reach the state of sedation, anesthesia and
recovery were recorded. In the second experiment, specimens were submitted to stress for 3 and 6
hours under different compounds in the water (control, 450 uL L™ of ethanol, 25 and 50 uL L™ of
EOL). Cortisol, glucose, lactate, protein and triglycerides in plasma and glycogen, lactate,
triglycerides and enzymes (glycogen phosphorilase total - GPtotal, hexokinase - HK, fructose-
biphosphatase - FBP, glucose-6-phosphate dehydrogenase - G6PDH, pyruvate kinase - PK, glycerol-3-
phosphate dehydrogenase - G3PDH, glutamate dehydrogenase - GDH, glutamic-pyruvic transaminase
- GPT and glutamic oxaloacetic transaminase - GOT) in liver were assessed. The levels of plasma
glucose, plasma lactate and liver increased during stress at the highest EOL concentration (50 uL L™),
however plasma cortisol in animals exposed to EOL increased only after 6 h of stress. The ideal
concentration for sedation of D. labrax is 25 uL L™ and anesthesia is 600 pL L™ EOL. Results
demonstrate that EOL at 25 pL L™ was effective as sedative in D. labrax during stress procedures.
Due to observed changes in hepatic metabolism of the fish exposed to EOL, the gluconeogenic way is
suggested as an energy mechanism that the animal uses to restore its homeostasis.

Key words: cidreira herb, enzymes, sedation, stress.

INTRODUTION

The fish used in aquaculture or research are subjected to numerous stressful processes, among
which are handling, containment, vaccination, transport, marking, blood sampling or surgical
procedures, which often can cause injury or induce physiological stress (Ross and Ross 2008;
Gholipour et al. 2011). A specific situation of stress (acute stress) may obtain a beneficial response to
the animal, because the physiological reactions caused by the activation of the stress system would
allow it to survive this situation, but chronic stress may lead to physiological alterations that can
become lethal (Iwama et al. 2004).

A feature of the stress response is the activation of the hypothalamus-pituitary-interrenal (HPI)
axis, resulting in the mobilization of a series of energy sources. Thus, the metabolites can provide
important information on the internal environment of the organism, allowing an evaluation of the
stress response, as well as the animals' ability to overcome the disturbance (Mommsen et al. 1999;
Acerete et al. 2004). The liver is the central organ of the metabolic process which is responsible for
various functions associated with the metabolism of the stressors agents (Salbego et al. 2010) and
plays an important role in the metabolism of carbohydrate, protein and lipid. The activities of
metabolic enzymes can indicate the metabolic state and its ability to be modified against a stress event
(Menezes et al. 2014).

The use of anesthetics arises as a method to reduce the stress associated with aquaculture
practices, as they help reducing damage to the fish and physiological alterations (Weber et al. 2009). A
variety of anesthetics have been used in aquaculture and the use of natural essential oils is becoming
increasingly common and it is a viable alternative, due to the difficulties of acquiring synthetic
anesthetics in some countries (Palic et al. 2006; Souza et al. 2012; Silva et al. 2012).

Lippia alba (Verbenaceae) is popularly known as cidreira herb and widely distributed in South
America, Central America and Africa (Zoghbi et al. 1998; Biasi and Costa 2003). Several studies
show that the essential oil of L. alba (EOL) is effective in inducing fish sedation and anesthesia
(Cunha et al. 2010, 2011; Saccol et al. 2013; Toni et al. 2014) and has antioxidant activity (Azambuja
et al. 2011; Salbego et al. 2014).

Sea bass (Dicentrarchus labrax) is distributed along the eastern Atlantic from Norway to
Morocco, including the Canary Islands and Senegal, also present in the Mediterranean and Black seas
(Kottelat and Freyhof 2007). The culture of this species has grown strongly and it is an species highly
valued in trade in Europe, with more than 148 000 t produced in 2014 (FEAP 2015), hence the need to
search anesthetics that can be used to aid this species in cultivation, improving its welfare in
aquaculture facilities. Up to the date, information regarding the effects of exposure to anesthetics on
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the activity of enzymes associated with the metabolism of carbohydrates, lipids and proteins in fish are
scarce. Therefore, it is necessary improve knowledge on how the animal rearranges its energy status,
in search of homeostasis after a stressful event. Thus, the objective of this study was to determine the
EOL efficiency as sedative and anesthetic in sea bass (Dicentrarchus labrax) and analyze its effect in
the metabolic and enzymatic responses under stress conditions.

MATERIALS AND METHODS

Fish

Sea bass (Dicentrarchus labrax) (51.4 £ 1.2 g and 16.4 = 0.1 cm) were provided by Servicios
Centrales de Investigacion de Cultivos Marinos (SCI-CM) (CASEM, University of Cadiz, Puerto
Real, Cadiz, Spain) and transferred to the wet laboratory at the Faculty of Marine and Environmental
Sciences (Puerto Real, Céadiz, Spain). They were kept in 400 L tanks in an open system circuit
containing seawater (38 ppt salinity), under natural photoperiod, with constant temperature 19 °C, for
an acclimation period of fifteen days. Fish were fed daily with commercial dry pellets at 1 % body
mass. Before each experiment fish fasted for 24 hours.

This work possesses Certificate of competency to work with experimental animals in the
European Union (Anexo F).

Plant material

Lippia alba was cultivated in Frederico Westphalen, RS, Brazil. The plant material was
identified by botanist Dr. Gilberto Dolejal Zanetti (Department of Industrial Pharmacy, UFSM). A
voucher specimen (SMDB n. 10050) was deposited in the herbarium of the Department of Biology
(UFSM). The EOL was obtained from fresh plant leaves by steam distillation for 2 h using a
Clevenger type apparatus (European Pharmacopeia 2007) and was stored at -20 °C until composition
analysis and biological assays.

EOL analysis

Qualitative and quantitative characterization of the EO chemical compounds occurred by
chromatographic analysis using and Agilent 7890A gas chromatograph coupled to Agilent 5975C
mass selective detector (GC-MS). Capillary column used was HP5-MS (Hewlett Packard, 5 %
fenilmetilsiloxane, 30 m x 0,25 mm, film thickness: 0,25 um), and energy of ionization was 70 eV.
The parameters utilized for the analysis were: He as gas carrier; split inlet 1:100; temperature
program: 40 °C for a period of 4 minutes; 40 to 320 °C at 4 °C min™; 1 mL min™ of flow rate;
temperatures of injection and detection of 250 °C. The compounds identification occurred by
comparison of retention indices, obtained by the utilization of a calibration curve of n-alkanes injected
at the conditions mentioned for the samples, and the mass fragmentation patterns with the data of
NIST (2010) and Toni et al. (2015).

Experimental procedures

Before use, EOL was diluted 1:10 in 96 % ethanol. The tests were divided into two
experiments: the first rated the best EOL concentration to sedate and anesthetize sea bass and the
second experiment tested the effectiveness of the optimal concentration for sedation in reducing the
stress response.

Experiment 1 - Optimal concentration

Eighty-one animals were used to test the nine different concentrations chosen in the previous
test (25, 35, 50, 100, 200, 300, 400, 600 and 800 pL L™). Fish were individually exposed in 3 L
aquaria (n = 9 each concentration) to observe the induction time to sedation and anesthesia. The
behavioral stages of anesthesia evaluated followed the criteria proposed by Small (2003), in which the
sedated fish decreases the reaction to external stimuli and presents a small loss of balance (stage 1),
and it is anesthetized when total loss of balance and locomotion occurs (stage I11). Upon detection of
anesthesia or after a pre-determined period of 30 min exposure, animals were rinsed in clean water and
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transferred to continuously aerated 20 L recovery tanks to estimate the recovery time. Fish was
considered recovered when actively swam without imbalance.

Experiment 2 - Stress responses

Seventy-two sea bass were subjected to stressful situation (persecution for capture) for 3 and 6
h. The stressed groups were chased every 45 min, persecuted for 1 min, and then the persecution was
stopped for 30 s before it was reset for a further 1 min, as previously described by Weber et al. (2009).
Based on results from experiment 1, sea bass were submitted to the following treatments: exposure to
25uL L™ (optimal concentration for sedation), 50 uL L™ (twice the optimal concentration for
sedation), ethanol - equivalent to the dilution used at the highest concentration of EOL (450 pL L™)
and a control group (without exposure to any substance).

Fish were sampled at 0 (without stress exposure), 3 and 6 h in the stress (n = 8 for each
combination of treatment and time). Blood was collected by caudal puncture and centrifuged (ALC
mod. 42049) at 13030 g for 3 min to separate the plasma, and then stored at —80 °C for subsequent
analysis of cortisol, glucose, lactate, triglycerides and proteins. After blood collection, animals were
euthanized by spinal cord section and liver was removed, immediately frozen in liquid nitrogenand
after stored at —80 °C for later analysis of glycogen, lactate, triglycerides and metabolic enzymes.

Plasma physiological and biochemical assays

Plasma cortisol levels (expressed in ng mL™) were measured by indirect enzyme immunoassay
adapted to microplate as described previously by Martos-Sitcha et al. (2014). The steroids were
extracted as described by Baldisserotto et al. (2014). The standards and extracted plasma samples were
run in duplicate. The standard curve range was 2.5 ng mL™ — 9.77 pg mL™ (R? = 0.984). The lower
limit of detection (92.60 % of binding, ED 92.60) was 14.66 pg mL™. The percentage of recovery was
95 %. The inter- and intra-assay coefficients of variation (calculated from the duplicate samples) were
2.93 £ 1.02 % and 0.17 = 0.01 %, respectively. The cross-reactivity of any specific antibodies with
intermediate products involved in steroid syntheses was given by the supplier [cortexolone (1.6 %),
11-deoxycorticosterone (0.23 %), 17-hydroxyprogesterone (0.23 %), cortisol glucuronide (0.15 %),
corticosterone (0.14 %), cortisone (0.13 %), androstenedione (<0.01 %), 17-hydroxypregnenolone
(<0.01 %) and testosterone (<0.01 %)] (Cayman Chemical Company, Michigan, USA).

Glucose, lactate, and triglyceride concentrations were measured using commercial kits from
Spinreact (Barcelona, Spain) (Glucose-HK Ref. 1001200; Lactate Ref. 1001330; Triglycerides Ref.
1001311) adapted to microplate. Plasma protein was analyzed by diluting plasma 50 times and
measuring protein concentration. Protein concentration was measured using the bicinchonic acid
method with a BCA protein kit (ref. 23225, Pierce P.O., Rockford, USA), using bovine serum albumin
as standard. All of these assays were run on an Automated Microplate Reader (PowerWave 340,
BioTek Instrument Inc., Winooski, USA) controlled by KCjuniorTM program.

Liver metabolite levels

Frozen liver was homogenized using an Ultra-Turrax T25 basic (IKA-Werke) with a 7.5 volume
of ice-cooled 0.6 N perchloric acid, neutralized (using 1 M potassium bicarbonate) and centrifuged (30
min at 3220 g, 4 °C in an Eppendorf Centrifuge 5810R). The supernatants were stored in different
aliquots at —80 °C until use in the metabolitesanalyzes. Tissue glycogen levels were assessed using the
method of Keppler and Decker (1974). Glucose obtained after glycogen breakdown (after subtracting
free glucose levels) was determined enzymatically using a commercial kit (Biomérieux, Spain).
Lactate and triglyceride concentrations were measured using commercial kits (as previously described
for the plasma samples).

Liver enzyme activities

Frozen liver was homogenized by ultrasonic disruption (Misonix Inc., Microson Ultrasonic
liquid processor XL-2000) with 10 volume of ice-cold stopping-buffer containing 50 mM imidazole
(Sigma I- 0125) (pH 7.5), 1 mM mercaptoethanol (Sigma M-3148), 50 mM NaF (Merck ref. 1.06449),
4 mM EDTA (Sigma ED2SS), 0.5 mM PMSF (Sigma P-7626) and 250 mM sucrose (Sigma S-9378).
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The homogenate was centrifuged at 10000 g for 30 min at 4 °C (Centrifuge 5810R, Eppendorf), and
the supernatant was immediately frozen using dry ice and maintained at -80 °C until use in the
enzymes analyzes.

Enzyme activities were analyzed using a spectrophotometer (as mentioned above). Reaction
rates of enzymes were calculated from the increase or decrease in absorbance of NAD(P)H at 340 nm.
The reactions were started by the addition of homogenates (15 pL) in duplicate, at a pre-established
protein concentration, omitting the substrate in control wells (final volume of 275-295 pL, depending
on the enzyme tested), and allowing the reactions to proceed at 37 °C. The specific conditions for the
enzymes phosphorilase (total and active GPase, EC 2.4.1.1), hexokinase (HK, EC 2.7.1.11), fructose-
biphosphatase (FBP, EC 3.1.3.11), glucose-6-phosphate dehydrogenase (G6PDH, EC 1.1.1.49),
pyruvate kinase (PK, EC 2.7.1.40), glycerol-3-phosphate dehydrogenase (G3PDH, EC 1.1.1.8),
glutamate dehydrogenase (GDH, EC 1.4.1.2), glutamic-pyruvic transaminase (GPT, EC 2.6.1.2), and
glutamic oxaloacetic transaminase (GOT, EC. 1.1.1.35) were previously described (Sangiao-
Alvarellos et al. 2005; Polakof et al. 2006). Enzymatic activities were expressed as U mg protein™ and
protein levels were assayed in triplicate as performed with plasma samples.

Statistical Analyses

All data are presented as mean = SEM. Homogeneity of variances between treatments was
tested by Levene’s test. Data exhibited homogeneous variances, so comparisons were made by one-
way ANOVA and Tukey’s test. Analysis was performed using the GraphPad Prism 6 software and the
minimum significance level was set at P < 0.05.

RESULTS

Chemical composition of EOL

From EOL total chemical composition, 95.69 % were identified, and among the 7 detected
constituents, 4 were monoterpenoids (86.21 %) and 3 were sesquiterpenoids (9.48 %). The main
component of the EOL was determined as linalool (75.49 %), followed by eucalyptol (8.28 %) and
germacrene D (5.10 %) (Table 1).

Experiment 1 - Optimal concentration

The lowest concentrations tested (25, 35 and 50 pL L™ EOL) induced sedation but not
anesthesia, and there was no significant difference in the time of sedation and recovery. The ideal
concentration for sedation was considered 25 pL L™ because it was the lowest concentration tested and
had the same result than the higher ones (Table 2).

The highest concentrations tested (100, 200, 300, 400, 600 and 800 pL L' EOL) induced all
stages of anesthesia, with 600 and 800 uL L™ obtaining the lowest induction times (296.0 and 257.0 s,
respectively). These same concentrations showed no significant difference in sedation (15.1 and 13.8
s, respectively) and recovery (292.7 and 304.8 s, respectively) times, so the concentration of 600 uL L’
' was considered ideal for anesthesia (Table 2). There was no mortality through the experiment.

Experiment 2 - Stress responses
Plasma physiological and biochemical assays

After 6 h of stress, fish exposed to 25 and 50 L L™ EOL significantly increased plasma cortisol
values compared to before stress, and those exposed to 50 uL L™ had the highest cortisol values (Fig.
1A). There was a continuous increase of plasma glucose values as time of stress went by in the ethanol
and control groups. Plasma glucose of fish exposed to 25 uL L™ EOL remained unchanged through all
sampling times, but those kept at 50 uL L™ EOL increased significantly these values after 3 and 6 h
compared to prior stress. Fish exposed to ethanol also showed higher plasma glucose values after 6 h
of stress compared to the control group (Fig. 1B). Plasma lactate in fish kept at 50 pL L™ EOL were
significantly highest after 3 h and decreased after 6 h of stress, returning to before stress values (but
still higher than control fish), whereas those exposed to 25 pL L™ EOL presented significantly lower
values than control fish only after 6 h of stress (Fig. 1C). Fish exposed to ethanol and 25 pL L™ EOL
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presented significantly higher triglyceride levels after 6 h of stress (Fig. 1D). Plasma protein values
decreased significantly after 6 h of stress (those exposed to 50 pL L™ EOL also after 3 h of stress), but
no significant difference between treatments was observed (Fig. 1E). Even after 3 or 6 hour of
exposure, the animals did not reach the stage of anesthesia, remained only sedated.

Liver metabolite levels

Glycogen levels of control fish decreased significantly after 6 h of stress. Those exposed to 25
and 50 pL L™ EOL showed significantly lower glycogen levels as time of stress went by, being
significantly lower than control fish after 3 and 6 h of stress. Fish from the ethanol treatments showed
lower values only after 6 h of stress (Fig. 2A). Fish exposed to 50 uL L™ EOL showed the highest
lactate levels 3 and 6 h after stress (Fig. 2B). Triglyceride levels significantly decreased in control, 25
and 50 uL L™ EOL groups compared to before stress after 3 and 6 h, but no significant difference
between groups was observed (Fig. 2C).

Liver enzyme activities

The GPtotal activity significantly increased in the control treatment after 6 h of stress compared
to before stress (Fig. 3A). The HK activity showed no significant difference in the tested treatments
and times (Fig. 3B). After 6 h of stress, FBP activity increased significantly in fish exposed to 25 and
50 pL L™* EOL compared to the control (Fig. 3C). After 6 h of stress all treatments showed higher
G6PDH activity than control group (Fig. 3D). Ethanol exposure decreased significantly PK activity
after 6 h of stress compared to control and those kept at 50 pL L™ EOL increased PK activity
compared to before stress (Fig. 3E).

After 3 h of stress, the highest G3PDH activity was detected in the ethanol group, whereas after
6 h of stress control fish showed increased activity compared with the other sampling times and also
higher than ethanol and 25 pL L™ EOL groups (Fig. 4A). The ethanol treatment presented higher GDH
activity than the control group after 3 h of stress, while after 6 h of stress, those exposed to 50 pL L™
EOL significantly increased GDH activity compared to other sampling times and was also higher than
control and ethanol groups (Fig. 4B). The highest GPT activity was obtained in fish exposed to 50 uL
L™ EOL after 3 h of stress (Fig. 4C). Fish exposed to 25 uL L™ EOL decreased significantly GOT
activity after 3 h of stress compared to before stress and was also lower than in control and ethanol
groups. The ethanol group decreased GOT activity after 6 h of stress compared to 3 h, but no
significant difference between treatments was observed at this time (Fig. 4D).

DISCUSSION

To identify the chemotype is considered the major compound, with concentrations above 10%
(Jannuzzi et al., 2011). Thus, in our studies, Lippia alba belongs to chemotype Linalool (75.49 %).
Some monoterpene of the essential oils, as linalool, possess local anesthetic activity (Ghelardini et al.,
1999; Galeotti et al., 2001), which could be responsible, at least in part, to their muscle relaxant
properties (Ghelardini et al., 2001). It is believed that the linalool possesses a number of
pharmacological properties, including anticonvulsant, anxiolytic, anti-inflammatory, antinociceptive
(Kamatou and Viljoen, 2008).

Experiment 1 - Optimal concentration

The concentration of 600 uL L™ EOL was elected ideal for anesthesia in sea bass of
approximately 50 g, while for Rhamdia quelen (6.6 g) is in the 300-500 uL L™ concentration range
(Cunha et al. 2010) and for Hippocampus reidi (2.5 g) between 150-300 pL L™ (Cunha et al. 2011).
The existence of factors (age, weight, sex, water temperature, nutrition, etc.) affects the anesthetic
effectiveness. Despite the afore mentioned studied demonstrated a relationship between the lower
animal's weight, the lower the optimum EOL concentration, these results may also indicate the
existence of inter-specific variations and the need to conduct tests with each anesthetic and species
studied (Mylonas et al. 2005; Ross and Ross 2008).
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In the present study, the EOL caused no mortality of sea bass in any of the tested
concentrations. The same was observed in previous studies with EOL (Cunha et al. 2010, 2011; Toni
et al. 2014). Mylonas et al. (2005) observed no deaths in sea bass anesthetized with clove oil, but
anesthesia with 50 or 60 mg L™ eugenol (the main compound of clove oil) induced mortality
(Filiciotto et al. 2012), demonstrated that EOL is safer for this species.

Experiment 2 - Stress responses

The use of anesthetics can reduce the damage induced by stress in fish, but the substance itself
can also stand as a stressor, thus activating the response mechanism to stress (Bolasina 2006; Weber et
al. 2009). This response is a physiological adjustment related to a perceived threat to homeostasis,
which in the short term preserves the health and viability of stressed individual (Ashley 2007).
However, when the tension is excessive in the intensity or duration, the stress response can lose its
value and yield undesirable consequences, such as illness and mortality (Iwama et al. 2004).

The primary stress response is characterized by a significant increase in corticosteroid hormones
(cortisol) and catecholamines (noradrenaline and adrenaline) released in the bloodstream (Barton
2002), starting metabolic processes for the production of extra energy for animal escape or adjustment
to new conditions (lwama et al. 2004). In the present study, although plasma cortisol levels at 3 h
remained low and no significant difference was observed, it was possible to observe that within 6 h of
stress cortisol increased in sea bass exposed to EOL compared to the time before the stress. Sedation
with 35 uL L™ EOL for 4 h also increased plasma cortisol levels in stressed and non-stressed gilthead
sea bream, Sparus aurata (Toni et al. 2015).

Increases in plasma glucose levels are secondary responses to stress, but not necessarily there
is a direct relationship between the increase of cortisol and glucose (Pankhurst 2011), as observed in
the current study, that at 3 h glucose and lactate increased, but not cortisol, in sea bass submitted to 50
uL L™ EOL. Similar results were found by Iversen et al. (2003) and Weber et al. (2009). These results
suggest that other hormones related to the stress response, as catecholamines, which are released
during the first phase of stress, could be responsible for such high levels of glucose and lactate
(Wendelaar-Bonga 1997). The increase of glucose levels in sea bream exposed to 50 puL L™ EOL after
6 h of stress, however, may be due to elevated cortisol values presented in this group, as observed by
Toni et al. (2015) in sea bream exposed to EOL for 4 h.

The high levels of plasma and liver lactate in sea bass exposed to 50 uL L™ EOL can result from
poor availability of oxygen for aerobic cellular metabolism (Iversen et al. 2003), since most
anesthetics have an inhibiting effect on fish respiratory system (Keene et al. 1998), causing
hypoventilation and reducing oxygen consumption (Dixon and Milton 1978). Thus, one of the most
common causes for the increase in plasma lactate levels is by activation of glycolysis in hypoxic
muscle after a strong swimming stress (Bickler and Buck 2007), in the case of this study, caused by
the persecution to capture. Moreover, in the present study plasma and hepatic lactate levels of sea bass
submitted to stress and 50 uL L™ decreased after 6 h compared to 3 h, but not reaching the baseline
values. These results suggest that after 6 h the catecholamines have been consumed and therefore did
not stimulate lactate production, which shows that the oxygen supply was restored, as in studies
conducted by Inoue et al. (2011) and Toni et al. (2014), that observed an increase in lactate levels in
Atlantic salmon (Salmo salar) and silver catfish (R. quelen) anesthetized with clove oil and EOL,
respectively, and after these values returned to baseline.

Protein catabolism plays an important role in the total energy production in fish (David et al.
2004). The variation in plasma protein concentrations due to a stressful situation is also considered a
secondary response (Wendelaar-Bonga 1997; Barton 2002). The mobilization of protein as an energy
source is dependent on the intensity of the stress that the animal is submitted (Merighe et al. 2004). In
fish exposed to the highest concentration of EOL (50 puL L™), decrease of protein levels occurred since
3 h of stress, but after 6 h of stress plasma protein levels decreased in sea bass of all treatments,
indicating that EOL exposure was not the only responsible for this change in plasma protein. Silver
catfish exposed to 50 uL L™ of the essential oil of H. ringens also increased protein levels after 6 h
(Toni et al. 2015).
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Triglycerides are the energy source to other metabolic pathway (Merighe et al. 2004). The
decrease in triglyceride levels during a stress suggests a degradation of lipids and mobilization of
triglycerides to cope with the increased energy demand by stress (Menezes et al. 2015). The
persecution to capture is a strong stressor that reduces energy sources, such as liver lipid reserves,
which were consumed by the sea bass liver in the control and 25 uL L™ EOL groups after 3 and 6 h of
stress, and at 50 pL L' EOL after only 3 h of stress. However, there was an increase in plasma
triglyceride level in fish from the ethanol and 25 uL L™ EOL groups after 6 h of stress, indicating an
oxidation of the lipid energy stores in these animals.

Secondary stress responses are characterized by reduction of hepatic glycogen content,
suggesting the compensation of the great demand for energy through of the increasing glycogenolysis
during stress, increasing plasma glucose levels, which provide glucose to tissues to restore
homeostasis (Filiciotto et al. 2012; Dhanasiri et al. 2013; Menezes et al. 2015). The results of the
present study corroborate this theory, because all treatments showed reductions in liver glycogen and
glucose increased after subjecting sea bass to stress, except those exposed to 25 uL L™ EOL, which
did not change glucose levels. After 6 hours of stress liver glycogen levels were significantly lower in
sea bass exposed to both EOL concentrations and ethanol. The use of the essential oil of Aloysia
triphylla in the water of transport (6 h) of silver catfish also resulted in significantly lower hepatic
glycogen levels compared to the control (Zeppenfeld et al. 2014).

The stress by persecution to capture (a very common procedure) and / or exposure to anesthetic
(indispensable procedure) can affect many metabolic parameters and induce a significant energy cost
to reorganize the whole animal metabolism in order to adapt to the stressful event. The activities of
enzymes involved in hepatic metabolism can aid understanding how the fish metabolism rearranges
(Toni et al. 2015).

Sea bass exposed to EOL had higher activity of FBP and G6PDH (pentose phosphate pathway)
(and also PK activity in those exposed to the highest EOL concentration) after 6 h of stress. These
results suggest an increase of the gluconeogenesis potential, which is a substitute pathway to
glycogenolysis when glycogen levels are very low and reach their maximum consumption limits,
which is consistent with glycogen results of the present study. Gluconeogenesis is a defensive or
adaptive response to the decrease of glucose levels (Menezes et al. 2014). Strengthening this idea, sea
bass exposed to 50 L L™ EOL after 6 h of stress also presented lower lactate levels, which possibly
are due to lactate conversion to glucose (gluconeogenesis).

The use of amino acids as an energy source can help to cover the energy needs of the animal
(Vargas-Chacoff et al. 2009). Regarding amino acids metabolism, there was an increase in the GDH
activity after 6 h of stress in sea bass exposed to EOL, while GPT activity increased after 3 h of stress
only at the highest EOL concentration (50 pL L™). These results suggest an increase in the degradation
of amino acids and the GPT activity returned to baseline within 6 h of stress, a further evidence of the
use of gluconeogenesis, causing the conversion of amino acids to glucose.

The ideal concentration for sedation of D. labrax is 25 pL L™ and anesthesia is 600 pL L™ EOL.
Results demonstrate that EOL at 25 uL L™, even with subtle alterations it is worth using, because was
effective as sedative during stress procedures, whereas 50 uL L™ after 6 h of stress increases sea bass
stress. Due to observed changes in hepatic metabolism of the fish exposed to EOL, the gluconeogenic
pathway is suggested as an energy mechanism that the animal uses to prepare (stress response). The
EOL is a good alternative as sedative and/or anesthetic to sea bass in aquaculture procedures and
research stations.
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Table 1 Chemical composition of Lippia alba essential oil. “RI = Retention Index; *NIST 2010; "Toni

etal. 2015
RI* RI . Composition
Experimental Literature Chemical Compound (%)
1028 1028° Eucalyptol 8.28
1099 1099 Linalool 75.49
1141 1146° Camphore 1.26
1209 1207° E,E-2,6-Dimethyl-3,5,7-octatrien-2-ol 1.18
Total of monoterpenoids 86.21
1417 1417° B-Caryophyllene 3.97
1479 1480° Germacrene D 5.10
1480 1480° y-Muurolene 0.41
Total of sesquiterpenoids 9.48
Total of identified compounds 95.69
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Table 2 Induction time (seconds) to sedation, anesthesia and recovery of D. labrax exposed to the
essential oil of L. alba (mean = SEM). Different superscript letters represent significant differences

between the concentrations (P <0.05)

Concentration (uL L™) Sedation Anesthesia Recovery
25 153.3 £ 17.5° - 198.3 + 32.9°
35 153.3+6.8° - 210.3 + 26.0°
50 100.9 + 9.6™ - 224.8 £ 17.8°
100 37.2+£3.9% 1673.8 + 59.48° 314.6 + 31.6™
200 17.1+0.9™ 902.0 + 114.3° 336.4 + 20.3"
300 211+1.1% 636.6 + 23.9° 385.9 + 18.8™
400 17.8+1.0™ 666.8 + 52.9% 415.1 + 40.7°
600 15.1 +2.7% 296.0 + 14.6" 292.7 + 55.4%
800 138+ 1.7° 257.0 + 10.3° 304.8 + 62.8
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Fig. 1 Effects of the essential oil of L. alba on plasma levels of cortisol (a), glucose (b), lactate (c),
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5 CONCLUSAO

A sedacdo dos animais aquaticos além de minimizar o tempo de manipulacdo, lesdo
fisica direta e efeitos de estresse durante procedimentos simples, € atil na reducdo da taxa
metabdlica e, consequentemente, o consumo de oxigénio, e na reducdo da excrecdo de
produtos metabdlicos na &gua. Em termos gerais, sedacdo (definido como um efeito calmante)
é um estado preliminar de anestesia, mas no qual ndo ha perda total de percepg¢éo sensorial ou
de equilibrio, como ocorre na anestesia. Anestesia geral pode ser definida como uma perda
reversivel e generalizada da percepcédo sensorial acompanhada de um estado ao sono induzido
(Heavner, 1981)

O uso de produtos naturais, como o6leos essenciais, derivados de plantas, € uma
alternativa viavel para procedimentos que necessitem de sedacdo ou anestesia de animais
aquaticos, frente as dificuldades de obtencdo dos quimicos (Fagcanha e Gomes, 2005).

O atual trabalho analisando o Oleo essencial de Lippia alba (EOL) obteve um
resultado bastante positivo, além de ndo causar nenhuma mortalidade, apresentou o efeito
sedativo e/ou anestésico satisfatério nas espécies de animais aquaticos testados, com excecao
apenas do artigo 1 dos mexilhdes (Perna perna), tendo em conta o fechamento das valvas
como um comportamento do animal frente a um xenobidtico. Entretanto, ocorreu o aumento
da atividade de enzimas antioxidantes CAT, GST, e SOD, e diminui¢cdo do LPO e PC,
sugerindo que o EOL e consequentemente, a hipoxia multifuncional, por meio do fechamento
das valvas, pode melhorar a resposta das defesas antioxidantes e estresse oxidativo em
mexilhdes.

Para ourico do mar (Echinometra lucunter), no artigo 2, a melhor concentracéo eleita
para a anestesia € 150 mL/L de EOL. Apesar dos efeitos sobre as reservas de energia,
acredita-se que o tempo era muito curto para provocar tais efeitos, e diante do baixo nivel de
TBARS e alta atividade de SOD e CAT no fluido celomatico e gbnadas de ouri¢os expostos
ao EOL e que em geral foram mantidos depois de recuperados, sugere-se que o EOL melhora
a resposta ao estresse oxidativo e € um anestésico muito promissor para ouri¢os do mar.

Assim como, a exposicdo ao EOL demonstrou um efeito favoravel em lubinas,
Dicentrarchus labrax (artigo 3), sendo 25 mL/L eleita a concentracdo ideal para sedacédo e
600 mL/L de EOL para anestesia. Os resultados demonstram que EOL a 25 mL/L, mesmo
com alteragOes sutis acredita-se valer a pena o seu uso, porque foi eficaz como sedativo
durante os procedimentos de estresse, enquanto que 50 mL/L ap6s 6 h de estresse aumenta o

estresse da lubina. Devido as alteragdes observadas no metabolismo hepético do peixe exposta
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a EOL, a via gliconeogénica é sugerido como um mecanismo de energia que o animal utiliza
para se preparar (resposta ao estresse).

Sendo assim, 0 EOL demonstra ser uma boa alternativa para estas espécies de animais
aquaticos em procedimentos de estacBes de aquicultura e pesquisa.

Além dos 3 artigos descritos nesta tese, foram gerados outros trabalhos, que se
tornardo em breve artigos cientificos, que seguem a mesma linha de pesquisa e os objetos dos
estudos foram:

» Mexilhdo (Perna perna) com eugenol (constituinte majoritario do 6leo de cravo);
* Mexilh&o (Perna perna) com mentol;

* Quri¢co do mar (Echinometra lucunter) com mentol;

+ Jundia (Rhamdia quelen) durante o transporte (estresse) com Lippia alba; e

* Robalo (Centropomus parallelus) em diferentes salinidades (estresse) com Lippia alba.
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For information on Ethics in publishing and Ethical guidelines for journal publication see
https://www.elsevier.com/publishingethics and https://www.elsevier.com/journal-authors/ethics.

If the work involves the wuse of human subjects, the author should ensure that
the work described has been carried out in accordance with The Code of Ethics
of the World Medical Association (Declaration of Helsinki) for experiments involving
humans, http://www.wma.net/en/30publications/10policies/b3/index.html; Uniform Requirements
for manuscripts submitted to Biomedical journals, http://www.icmje.org. Authors should include a
statement in the manuscript that informed consent was obtained for experimentation with human
subjects. The privacy rights of human subjects must always he observed.

All animal experiments should be carried out in accordance with the U.K. Animals (Scientific
Procedures) Act, 1986 and associated guidelines, EU Directive 2010/63/EU for animal experiments,
or the National Institutes of Health guide for the care and use of Laboratory animals (NIH Publications
No. 8023, revised 1978) and the authors should clearly indicate in the manuscript that such
guidelines have been followed. All animal studies need to ensure they comply with the ARRIVE
guidelines. More information can be found at http://www.nc3rs.org.uk/page.asp?id=1357.

All authors are requested to disclose any actual or potential conflict of interest including
any financial, personal or other relationships with other people or organizations within
three vyears of beginning the submitted work that could inappropriately influence, or
be perceived to influence, their work. See also https://www.elsevier.com/conflictsofinterest.
Further information and an example of a Conflict of Interest form can be found at:
http://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential conflicts of interest
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. If there are no conflicts of interest then
please state this: "Conflicts of interest: none'. See also https://www.elsevier.com/conflictsofinterest.
Further information and an example of a Conflict of Interest form can be found at:
http://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing.

Submission of an article implies that the work described has not been published previously
(except in the form of an abstract or as part of a published lecture or academic thesis or as an
electronic preprint, see https://www.elsevier.com/sharingpolicy), that it is not under consideration
for publication elsewhere, that its publication is approved by all authors and tacitly or explicitly by the
responsible authorities where the work was carried out, and that, if accepted, it will not be published
elsewhere in the same form, in English or in any other language, including electronically without
the written consent of the copyright-holder. To verify originality, your article may be checked by the
originality detection service CrossCheck https://www.elsevier.com/editors/plagdetect.

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author heing added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an enline issue,
any requests approved by the Editor will result in a corrigendum.
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Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (for
more information on this and copyright, see https://www.elsevier.com/copyright). An e-mail will
be sent to the corresponding author confirming receipt of the manuscript together with a 'Journal
Publishing Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including ahstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations
(please consult https://www.elsevier.com/permissions). If excerpts from other copyrighted works are
included, the author(s) must obtain written permission from the copyright owners and credit the
source(s) in the article. Elsevier has preprinted forms for use by authors in these cases: please consult
https://www.elsevier.com/permissions.

For open access articles: Upon acceptance of an article, authors will be asked to complete an 'Exclusive
License Agreement' (for more information see https://www.elsevier.com/OAauthoragreement).
Permitted third party reuse of open access articles is determined by the author's choice of user license
(see https://www.elsevier.com/openaccesslicenses).

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. For more
information see https://www.elsevier.com/copyright.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Elsevier has established a number of agreements with funding bodies which allow authors
to comply with their funder's open access policies. Some authors may also be reimbursed
for associated publication fees. To learn more about existing agreements please visit
https://www.elsevier.com/fundingbodies.

This journal offers authors a choice in publishing their research:

Open access

» Articles are freely available to both subscribers and the wider public with permitted reuse

* An open access publication fee is payable by authors or on their behalf e.q. by their research funder
or institution

Subscription

» Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs (https://www.elsevier.com/access).

* No open access publication fee payable by authors.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative Commons
user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
as they credit the author(s), do not represent the author as endorsing their adaptation of the article,
and do not modify the article in such a way as to damage the author's honor or reputation.
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Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The open access publication fee for this journal is USD 3000, excluding taxes. Learn more abhout
Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing.

Authors can share their research in a variety of different ways and Elsevier has a number of green
open access options available. We recommend authors see our green open access page for further
information (http://elsevier.com/greenopenaccess). Authors can also self-archive their manuscripts
immediately and enable public access from their institution's repository after an embargo period. This
is the version that has been accepted for publication and which typically includes author-incorporated
changes suggested during submission, peer review and in editor-author communications. Embargo
period: For subscription articles, an appropriate amount of time is needed for journals to deliver
value to subscribing customers hefore an article becomes freely available to the public. This is the
embargo period and it begins from the date the article is formally published online in its final and
fully citable form.

This journal has an embargo period of 12 months.

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors who feel their English language manuscript may require editing
to eliminate possible grammatical or spelling errors and to conform to correct scientific
English may wish to use the English Language Editing service available from Elsevier's
WebShop (http://webshop.elsevier.com/languageediting/) or visit our customer support site
(http://support.elsevier.com) for more information.

Studies on patients or volunteers require ethics committee approval and informed consent, which
should be documented in the paper. Appropriate consents, permissions and releases must be obtained
where an author wishes to include case details or other personal information or images of patients and
any other individuals in an Elsevier publication. Written consents must be retained by the author and
copies of the consents or evidence that such consents have been obtained must be provided to Elsevier
on request. For more information, please review the Elsevier Policy on the Use of Images or Personal
Information of Patients or other Individuals, https://www.elsevier.com/patient-consent-policy. Unless
you have written permission from the patient (or, where applicable, the next of kin), the personal
details of any patient included in any part of the article and in any supplementary materials (including
all illustrations and videos) must be removed before submission.

Submission

Manuscripts are to be submitted to the CBP Editorial Office electronically at
http://editorialexpress.com/chp. After registration, authors are asked to upload their complete
article (including tables and associated artwork) in a single PDF file to be used directly for the
reviewing process. The file must include line numbhers; file size should he below 20 mb. Additional files
with supplemental information to be published as electronic material (sequences, etc) are permitted;
file number is limited to 5, but multiple files can be combined (zip or RAR). Supporting manuscripts,
i.e. concurrently under consideration with other journals or in press must be submitted as separate
PDF files.

Full instructions on how to use the online submission tool are available at the above web address or
can be requested by e-mail from the CBP Editorial Office CBPjrnl2@gmail.com. During the submission
process, authors are asked to select an appropriate section of CBP and to provide names and address
(including e-mail) of at least five researchers of recognized competence who may be considered as
reviewers.

Referees
Please submit, with the manuscript, the names, addresses and e-mail addresses of five potential
referees. Note that the editors retain the sole right to decide whether or not the suggested reviewers
are used.

PREPARATION
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Initial submission must be as a single, complete PDF file. When using word-processing software,
it is important that the file be saved in the native format of the word processor used (e.g. doc,
docx, odt, etc). The text should be in single-column format and layout of the text should be
kept as simple as possible. Authors should not use the word processor's options to justify text
or to hyphenate words. However, hold face, italics, subscripts, superscripts etc. can be included.
When preparing tables, if you are using a table grid, use only one grid for each row. If no
grid is used, use tabs, not spaces, to align columns. The electronic text should be prepared in
a way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier: http://www.elsevier.com/quidepublication. Note that source files of figures, table and text
graphics will be required for publication, but are not needed during the review process. Most
word-processing programmes (Word, Word-Perfect, OpenOffice, LibreOffice, etc.) possess huilt in
PDF makers. Resulting PDF files should be checked very carefully, especially for transposition of
mathematical and other symbols and non-standard characters. SI units must he used.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check'
functions of your word processor.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

Statistics
Submissions are incomplete without detailed information on independent replication of experiments,
statistical approaches and statistical analysis.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tahles and figures: Table A.1; Fig. A.1, etc.

» Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

» Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

» Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that the e-mail address is given and that contact
details are kept up to date by the corresponding author.
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* Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

If submitting a Review article, write "REVIEW" at the top of the title page.

A concise and factual abstract of a maximum of 250 words is required. The abstract should state briefly
the purpose of the research, the principal results and major conclusions. An abstract is often presented
separately from the article, so it must be able to stand alone. For this reason, References should
be avoided, but if essential, then cite the author(s) and year(s). Also, non-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their first mention in the
abstract itself.

The abstract should be a single paragraph not exceeding 250 words.

Up to eight key words, which may or may not appear in the title, should be listed in alphabetical order
after the abstract. Only these key words, together with the title, will be used for indexing purposes.

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the ahstract must he defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

DNA sequences and GenBank Accession numbers

Many Elsevier journals cite "gene accession numbers" in their running text and footnotes. Gene
accession numbers refer to genes or DNA sequences about which further information can be found
in the database at the National Center for Biotechnical Information (NCBI) at the National Library of
Medicine. Elsevier authors wishing to enable other scientists to use the accession numbers cited in
their papers via links to these sources, should type this information in the following manner:

For each and every accession number cited in an article, authors should type the accession number in
bold, underlined text. Letters in the accession number should always be capitalised. (See Example
1 below). This combination of letters and format will enable Elsevier's typesetters to recognize the
relevant texts as accession numbers and add the required link to GenBank's sequences.

Example 1: "B-cell tumor from a chronic lymphatic leukemia (GenBank accession no. BEG75048 ),
and a T-cell lymphoma (GenBank accession no. AA361117 )".

Authors must check accession numbers very carefully. An error in a letter or number can result
in a dead link.

In the final version of the printed article, the accession number text will not appear bold or underlined
(see Example 2 below).

Example 2: "B-cell tumor from a chronic lymphatic leukemia (GenBank accession no. BE675048), and
a T-cell lymphoma (GenBank accession no. AA361117)".

In the final electronic copy, the accession number text will be linked to the appropriate source in the
NCBI databases enabling readers to go directly to that source from the article (see Example 3 below).

Example 3: "B-cell tumor from a chronic lymphatic leukemia (GenBank accession no. BE675048), and
a T-cell lymphoma (GenBank accession no. AA361117)".
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Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Electronic artwork

General points

+ Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

+ Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the published version.

* Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:
https://www.elsevier.com/artworkinstructions.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

+ Supply files that are too low in resolution;

+ Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.qg., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. For further information on the preparation
of electronic artwork, please see https://www.elsevier.com/artworkinstructions.

As only one figure caption is used for both colour and black and white versions of figures, please
ensure that the figure captions are meaningful for both versions, if applicable.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum hut explain all symbols and abhreviations used.

Please submit tables as editable text and not as images. Tables can he placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules.
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Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can he listed separately (e.q., after the reference list) under a
different heading if desired, or can be included in the reference list.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template availahle in many of the
most  popular reference management software products. These include all products
that support Citation Style Language styles (http://citationstyles.org), such as Mendeley
(http://www.mendeley.com/features/reference-manager) and Zotero (https://www.zotero.org/), as
well as EndNote (http://endnote.com/downloads/styles). Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references and
citations as shown in this Guide.

1. All publications cited in the text should be presented in alphabetical order in a list following the
text of the manuscript.

2. In the text refer to the author's name and year of publication.

3. If reference is made in the text to a publication written by more than two authors the name of
the first author should be used followed by "et al.". In this list names of first authors and all co-
authors should be mentioned.

4. References cited together in the text should be arranged chronologically.

5. The List of references should be arranged alphabetically on authors' names, and chronologically per
author. Names of all authors must be included. Do not use et al. Publications by the same author(s)
in the same year should he listed as 2000a, 2000b, etc. Follow the relevant examples below.

Axelsson, M., Farrell, A.P,, 1993. Coronary blood flow in vivo in the coho salmon (Oncorhynchus
kisutch). Am. 1. Physiol. 264, R963 - 971.

Hiramatsu, N., Cheek, A.Q., Sullivan, C.V., Matsubara, T., Hara, A., 2005. Vitellogenesis and endocrine
disruption. In: Mommsen, T.P., Moon, T.W. (Eds.), Biochemistry and Molecular Biology of Fishes, vol.
6. Environmental Toxicology, Elsevier, Amsterdam, pp. 431-471.

Lushchak, V.1.2011. Adaptive response to oxidative stress: Bacteria, fungi, plants and animals. Comp.
Biochem. Physiol. C 153, 175-190.

Moyle, P.B., Cech, 1.]., 2004. Fishes. An introduction to ichthyology. 5th ed. Prentice Hall, Upper
Saddle River, NJ.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/comparative-biochemistry-and-physiology-part-c
When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference style (see sample manuscript link)
Name and year style in the text

Text: All citations in the text should refer to:
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1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed hy 'et al.' and the year of publication. Citations
may be made directly (or parenthetically). Groups of references should be listed first alphabetically,
then chronologically. Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones,
1999). Kramer et al. (2010) have recently shown ..."

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must he identified by
the letters 'a', 'b', 'c', etc., placed after the year of publication. Note that any (consistent) reference
style and format may be used: the Publisher will ensure that the correct style for this journal will be
introduced for the proof stages, the final print version and the PDF files for electronic distribution.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations:
http://www.issn.org/services/online-services/access-to-the-ltwa/.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum
size of 150 MB. Video and animation files supplied will be published online in the electronic version
of your article in Elsevier Web products, including ScienceDirect: http://www.sciencedirect.com.
Please supply 'stills' with your files: you can choose any frame from the video or animation or
make a separate image. These will be used instead of standard icons and will personalize the
link to your video data. For more detailed instructions please visit our video instruction pages at
https://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be embedded
in the print version of the journal, please provide text for both the electronic and the print version
for the portions of the article that refer to this content.

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words and
to help readers understand what the paper is about. More information and examples are availahle at
https://www.elsevier.com/audioslides. Authaors of this journal will automatically receive an invitation
e-mail to create an AudioSlides presentation after acceptance of their paper.

Supplementary material can support and enhance your scientific research. Supplementary files
offer the author additional possibilities to publish supporting applications, high-resolution images,
background datasets, sound clips and more. Please note that such items are published online exactly
as they are submitted; there is no typesetting involved (supplementary data supplied as an Excel
file or as a PowerPoint slide will appear as such online). Please submit the material together with the
article and supply a concise and descriptive caption for each file. If you wish to make any changes to
supplementary data during any stage of the process, then please make sure to provide an updated
file, and do not annotate any corrections on a previous version. Please also make sure to switch
off the 'Track Changes' option in any Microsoft Office files as these will appear in the published
supplementary file(s). For more detailed instructions please visit our artwork instruction pages at
https://www.elsevier.com/artworkinstructions.

Elsevier encourages authors to connect articles with external databases, giving readers access to
relevant databases that help to build a better understanding of the described research. Please refer
to relevant database identifiers using the following format in your article: Database: xxxx (e.qg., TAIR:
AT1G01020; CCDC: 734053; PDB: 1XFN). See https://www.elsevier.com/databaselinking for more
information and a full list of supported databases.
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You can enrich your online articles by providing phylogenetic tree data files (optional) in Newick or
NeXML format, which will be visualized using the interactive tree viewer embedded within the online
article. Using the viewer it will be possible to zoom into certain tree areas, change the tree layout,
search within the tree, and collapse/expand tree nodes and branches. Submitted tree files will also
be availabhle for downloading from your online article on ScienceDirect. Each tree data file will have
to be submitted alongside your manuscript submission, as a supplementary file. Each tree must be
contained in an individual data file. Newick files must have the extension .new or .nwk (note that a
semicolon is needed to end the tree). Please do not enclose comments in the file. For NeXML, the file
extension should he .xml. Tree data submitted in other formats will not he processed. Please make
sure that you validate your Newick/NeXML files prior to submission. For more information please see
http://www.elsevier.com/phylogenetictrees.

The following list will be useful during the final checking of an article prior to uploading it to the
journal's website http://editorialexpress.com/chp. Please consult this Guide for Authors for further
details of any item.

Ensure that the single, complete PDF file contains:
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ANEXO B - NORMA DA REVISTA CIENTiFICA MARINE AND FRESHWATER
BEHAVIOUR AND PHYSIOLOGY (SERA SUBMETIDO ARTIGO 2)
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Any author who fails to adhere to the above conditions will be charged with costs which
Marine and Freshwater Behaviour and Physiology incurs for their manuscript at the discretion
of Marine and Freshwater Behaviour and Physiology’s Editors and Taylor & Francis, and
their manuscript will be rejected.
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review process, the new affiliation can be given as a footnote. Please note that no
changes to affiliation can be made after the manuscript is accepted. Please note that the
email address of the corresponding author will normally be displayed in the article PDF
(depending on the journal style) and the online article.

All persons who have a reasonable claim to authorship must be named in the manuscript
as co-authors; the corresponding author must be authorized by all co-authors to act as an
agent on their behalf in all matters pertaining to publication of the manuscript, and the
order of names should be agreed by all authors.

Biographical notes on contributors are not required for this journal.

Please supply all details required by any funding and grant-awarding bodies as an
Acknowledgement on the title page of the manuscript, in a separate paragraph, as
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For single agency grants: "This work was supported by the [Funding Agency] under

Grant [number xxxx]."

For multiple agency grants: "This work was supported by the [Funding Agency 1]

under Grant [number xxxx]; [Funding Agency 2] under Grant [number xxxx]; and

[Funding Agency 3] under Grant [number xxxx]."

Authors must also incorporate a Disclosure Statement which will acknowledge any
financial interest or benefit they have arising from the direct applications of their
research.

For all manuscripts non-discriminatory language is mandatory. Sexist or racist terms
must not be used.

Authors must adhere to Sl units. Units are not italicised.

When using a word which is or is asserted to be a proprietary term or trade mark,
authors must use the symbol ® or TM.

Authors must not embed eguations or image files within their manuscript

2. Style guidelines
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o Description of the Journal’s reference style.

o Guide to using mathematical scripts and equations.
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3. Figures

Please provide the highest quality figure format possible. Please be sure that all imported
scanned material is scanned at the appropriate resolution: 1200 dpi for line art, 600 dpi
for grayscale and 300 dpi for colour.

Figures must be saved separate to text. Please do not embed figures in the manuscript
file.

Files should be saved as one of the following formats: TIFF (tagged image file format),
PostScript or EPS (encapsulated PostScript), and should contain all the necessary font
information and the source file of the application (e.g. CorelDraw/Mac, CorelDraw/PC).
All figures must be numbered in the order in which they appear in the manuscript (e.g.
Figure 1, Figure 2). In multi-part figures, each part should be labelled (e.g. Figure 1(a),
Figure 1(b)).

Figure captions must be saved separately, as part of the file containing the complete text
of the manuscript, and numbered correspondingly.

The filename for a graphic should be descriptive of the graphic, e.g. Figurel, Figure2a.
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Marine and Freshwater Behaviour and Physiology is happy for authors to supply Video clips
along with their papers.

A.  We will be embedding the videos into the HTML version of the paper. There are two

things to note here:

e in order to do this effectively we need to anchor the videos to ‘something’. Along with
the videos please supply a still image from each video which will be put into the
paper at the relevant point . In the HTML version the reader will be able to click on
the image and play the video.

o the default player for embedded videos on our site is Flash so these will not play on
Apple products.

.. which is why we’ll also:

B.  Add the videos to the supplemental material tab on our website, here the videos will be
loaded in the format in which they are supplied so readers will be able to view them
regardless of platform.

4. Publication charges
Submission fee

There is no submission fee for Marine and Freshwater Behaviour and Physiology.
Page charges

There are no page charges for Marine and Freshwater Behaviour and Physiology.
Colour charges

Authors should restrict their use of colour to situations where it is necessary on scientific, and
not merely cosmetic, grounds. Colour figures will be reproduced in colour in the online
edition of the journal free of charge. If it is necessary for the figures to be reproduced in
colour in the print version, a charge will apply. Charges for colour figures are £250 per figure
($395 US Dollars; $385 Australian Dollars; 315 Euros). If you wish to have more than 4
colour figures, figures 5 and above will be charged at £50 per figure ($80 US Dollars; $75
Australian Dollars; 63 Euros). Waivers may apply for some articles — please consult the
Production Editor regarding waivers.

Depending on your location, these charges may be subject to VValue Added Tax.

5. Reproduction of copyright material

If you wish to include any material in your manuscript in which you do not hold copyright,
you must obtain written permission from the copyright owner, prior to submission. Such
material may be in the form of text, data, table, illustration, photograph, line drawing, audio
clip, video clip, film still, and screenshot, and any supplemental material you propose to
include. This applies to direct (verbatim or facsimile) reproduction as well as “derivative
reproduction” (where you have created a new figure or table which derives substantially from
a copyrighted source).

You must ensure appropriate acknowledgement is given to the permission granted to you for
reuse by the copyright holder in each figure or table caption. You are solely responsible for
any fees which the copyright holder may charge for reuse.
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The reproduction of short extracts of text, excluding poetry and song lyrics, for the purposes
of criticism may be possible without formal permission on the basis that the quotation is
reproduced accurately and full attribution is given.

For further information and FAQs on the reproduction of copyright material, please consult
our Guide.

6. Supplemental online material
Authors are encouraged to submit animations, movie files, sound files or any additional
information for online publication.

e Information about supplemental online material

Manuscript submission

Manuscripts for consideration should be sent to Editor-in-Chief, Professor David L.
Macmillan at the School of BioSciences, University of Melbourne 3052 Victoria. E-
mail: dlmacm@unimelb.edu.au.

Authors must submit manuscripts electronically. Electronic submissions should be sent as
email attachments using a standard word-processing program. If email submission is not
possible, please send an electronic version on CD.

If your manuscript is accepted by the journal, you will be asked to complete this form and
send it to the Editor with your revised or final version.

Click here for information regarding anonymous peer review.
Copyright and authors' rights

To assure the integrity, dissemination, and protection against copyright infringement of
published articles, you will be asked to assign us, via a Publishing Agreement, the copyright
in your article. Your Article is defined as the final, definitive, and citable Version of Record,
and includes: (a) the accepted manuscript in its final form, including the abstract, text,
bibliography, and all accompanying tables, illustrations, data; and (b) any supplemental
material hosted by Taylor & Francis. Our Publishing Agreement with you will constitute the
entire agreement and the sole understanding between you and us; no amendment, addendum,
or other communication will be taken into account when interpreting your and our rights and
obligations under this Agreement.

Copyright policy is explained in detail here.
Free article access

As an author, you will receive free access to your article on Taylor & Francis Online. You
will be given access to the My authored works section of Taylor & Francis Online, which
shows you all your published articles. You can easily view, read, and download your
published articles from there. In addition, if someone has cited your article, you will be able to
see this information. We are committed to promoting and increasing the visibility of your
article and have provided guidance on how you can help. Also within My authored works,
author eprints allow you as an author to quickly and easily give anyone free access to the
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electronic version of your article so that your friends and contacts can read and download
your published article for free. This applies to all authors (not just the corresponding author).

Reprints and journal copies

Article reprints can be ordered through Rightslink® when you receive your proofs. If you
have any queries about reprints, please contact the Taylor & Francis Author Services team
at reprints@tandf.co.uk. To order a copy of the issue containing your article, please contact
our Customer Services team at Adhoc@tandf.co.uk.

Open Access

Taylor & Francis Open Select provides authors or their research sponsors and funders with
the option of paying a publishing fee and thereby making an article permanently available for
free online access — open access — immediately on publication to anyone, anywhere, at any
time. This option is made available once an article has been accepted in peer review.

Full details of our Open Access programme
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Instructions for Authors

MANUSCRIPT SUBMISSION

Manuscript Submission

Submission of a manuscript implies: that the work described has not been published before;
that it is not under consideration for publication anywhere else; thatits publication has been
approved by all co-authors, if any, as well as by the responsible authorities — tacitly or explicitly
— at the institute where the work has been carried out. The publisher will not be held legally
responsible should there be any claims for compensation.

Permissions

Authors wishing to include figures, tables, or text passages that have already been published
elsewhere are required to obtain permission from the copyright owner(s) for both the printand
online format and to include evidence that such permission has been granted when submitting

their papers. Any material received without such evidence will be assumed to originate from
the authors.

Online Submission

Please follow the hyperlink “Submit online” on the right and upload all of your manuscript files



following the instructions given on the screen.

TITLE PAGE

Title Page
The title page should include:

The name(s) of the author(s)

A concise and informative title

The affiliation(s) and address(es) of the author(s)

The e-mail address, telephone and fax numbers of the corresponding author

Abstract

Please provide an abstract of 150 to 250 words. The absftract should not contain any
undefined abbrewviations or unspecified references.

Keywords
Please provide 4 to 6 keywords which can be used for indexing purposes.

TEXT

Text Formatting

Manuscripts should be submitted in Word.

- Use a normal, plain font (e_.g., 10-point Times Roman) for text.
¢ Use italics for emphasis.
+ Use the automatic page numbering function to number the pages.
+ Do not use field functions.
# Use tab stops or other commands for indents, not the space bar.
# Use the table function, not spreadsheets, to make tables.
- Use the equation editor or MathType for equations.

# Save your file in docx format (Word 2007 or higher) or doc format (older Word
versions).
Manuscripts with mathematical content can also be submitted in LaTeX.

LaTeX macro package (zip, 182 kB)

Headings

Please use no more than three levels of displayed headings.

Abbreviations

Abbreviations should be defined at first mention and used consistently thereafter.

Footnotes

Footnotes can be used to give additional information, which may include the citation of a
reference included in the reference list. They should not consist solely of a reference citation,
and they should never include the bibliographic details of a reference. They should also not
contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should be indicated by
superscript lower-case letters (or asterisks for significance values and other statistical data).
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Footnotes to the title or the authors of the article are not given reference symbols.

Always use footnotes instead of endnotes.

Acknowledgments

Acknowledgments of people, grants, funds, efc. should be placed in a separate section on the
titte page. The names of funding organizations should be written in full.

REFERENCES

Citation
Cite references in the text by name and year in parentheses. Some examples:

Megotiation research spans many disciplines (Thompson 1990).

This result was later contradicted by Becker and Seligman (19986).

This effect has been widely studied (Abbott 1991; Barakat etal. 1995a, b; Kelso
and Smith 1998; Medvec et al. 1999, 2000).

Reference list

The list of references should only include works that are cited in the text and that have been
published or accepted for publication. Personal communications and unpublished works
should only be mentioned in the text. Do not use footnotes or endnotes as a substitute for a
reference list.

Reference list entries should be alphabetized by the last names of the first author of each
work. Order multi-author publications of the same first author alphabetically with respect to
second, third, etc. author. Publications of exactly the same author(s) must be ordered
chronologically.

# Journal article

Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, Bosquet L
{2009) Effect of high intensity intermittent training on heart rate vanability in
prepubescent children. Eur J Appl Physiol 105:731-738.doi: 10.1007/s00421-008-
0955-8

Ideally, the names of all authors should be provided, but the usage of “etal” in long
author lists will also be accepted:

Smith J, Jones M Jr, Houghton L et al (1999) Future of health insurance. N Engl J
Med 965:325-329

# Article by DOI
Slitka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine
production. J Mol Med. doi:10.1007/s001090000086
- Book
South J, Blass B (2001) The future of modern genomics. Blackwell, London
- Book chapter
Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The nse of modern
genomics, 3rd edn. Wiley, New York, pp 230-257
 Online document
Cartwright J (2007) Big stars have weather too. IOP Publishing PhysicsWeb.
http//physicsweb org/articles/news/11/6/16/1. Accessed 26 June 2007
# Dissertation
Trent JW (1975) Experimental acute renal failure. Dissertation, University of
California
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Always use the standard abbreviation of a journal's name according to the ISSN List of Title
Word Abbreviations, see

ISSN LTWA

If you are unsure, please use the full journal title.

For authors using EndNote, Springer provides an output style that supports the formatting of in-
text citations and reference list.

EndNote style (zip, 2 kB)

TABLES

@ All tables are to be numbered using Arabic numerals.
# Tables should always be cited in text in consecutive numerical order.

i For each table, please supply a table caption (title) explaining the components of
the table.

* Identify any previously published material by giving the onginal source in the form
of a reference at the end of the table caption.

# Fooinotes to tables should be indicated by superscript lower-case letters (or
asterisks for significance values and other statistical data) and included beneath
the table body.
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ANEXO D - AUTORIZACAO DO INSTITUTO BRASILEIRO DO MEIO AMBIENTE
E DOS RECURSOS NATURAIS RENOVAVEIS (IBAMA) (N° 33571)

Ministério do Meio Ambiente - MMA
Instituto Chico Mendes de Conservagdo da Biodiversidade - ICMBio
Sistema de Autorizacdo e Informac3o em Biodiversidade - SISBIO

Autorizac¢do para atividades com finalidade cientifica

Numero: 33571-1 Data da Emissdo: 26/04/2012 08:38
Dados do titular
Nome: Bernardo Baldisserotto CPF: 405.443.620-04
Titulo do Projeto: O USO DO OLEQ ESSENCIAL DE Lippia alba E EUGENOL COMO ANESTESICOS EM ALGUNS ANIMAIS AQUATICOS
MARINHOS
Nome da Instituicdo : Prefeitura da Cidade Universitana - UFSM CNPJ: 95.591.764/0001-05

Cronograma de atividades

# Descric3o da atividade Inicio (mésfano) | Fim (més/anao)

1 | Preparo de instalagdes para experimentos 06/2012 07/2012

2 |RevisBo Bibliogranca 06/2012 01/2015

3 [ Experimentos do capitulo 1 07/2012 1242012

4 | Experimentos do capitulo 2 01/2013 122013

5 | Experimentos do capitulo 3 0172014 1272014

6 | Redagdo da Tese 0172014 0172015

De acordo com o art. 33 da IN 154/2009, esta autorizago tem prazo de validade equivalente ao previsto no cronograma de atividades do projeto, mas devera ser
revalidada anualmente mediante a apresentagéo do relatorio de atividades a ser enviado por meio do Sisbio no prazo de até 30 dias a contar da data do aniversario de sua
emissdo.

Observacdes e ressalvas

As atividades de campo exercidas por pessoa natural ou juridica estrangeira, em todo o territorio nacional, que impliguem o deslocamento de recursos humanos e

1 | materiais, tendo por objeto coletar dados, materiais, espécimes biologicos e minerais, pe¢as integrantes da cultura nafiva e cultura popular, presente e passada,
obtidos por meio de recursos e técnicas que se destinem ao estudo, & difuséo ou & pesquisa, estio sujeitas a autorizagio do Ministério de Ciéncia e Tecnologia.

Esta autorizagdo NAQ exime o pesquisador titular & os membros de sua equipe da necessidade de obter as anuéncias previstas em outros instrumentos legais, bem
- | tomo do consentiments do responsével pela drea, publica ou privada, onde serd realizada a atividade, inclusive do érgdo gestor de terra indigena (FUNAL), da
unidade de conservacéo estadual, distrital ou municipal, ou do proprietario, arrendatério, posseiro ou morador de drea dentro dos limites de unidade de conservagéo
federal cujo processo de regularizacio fundiaria encontra-se em curso.

Este documento somente podera ser utilizado para os fins previstos na Instrugio Normativa IBAMA n® 154/2007 ou na Instrug@o Nomativa ICMBic n® 10/2010, no que
3 |especifica esta Autorizago, ndo podendo ser utilizado para fins comerciais, industriais ou esportivos. O material biolégico coletado devera ser utilizado para atividades
cientificas ou didati no dmbito do ensino superior.

A autorizagdo para envio ac exterior de material bioldgico ndo consignado devera ser requerida por meio do enderego eletrdnico www.ibama.gov.br (Servicos on-line -
4 |Licenga para importagdo ou exportacdo de flora e fauna - CITES e ndio CITES). Em caso de material consignado, consulte www.icmbio.gov.brisisbio - menu
Exportagfo.

O titular de licenga ou autorizagdo e os membros da sua equipe deverdo optar por métodos de coleta e instrumentos de captura direcionados, sempre que possivel,

5 | ao grupo taxondmico de interesse, evitando a morte ou dano significativo a outros grupos; e empregar esforgo de coleta ou captura que ndo comprometa a viabilidade
de populagdes do grupo taxondmico de interesse em condigdo in situ.

O titular de autorizacdo ou de licenga permanente, assim como os membros de sua equipe, quando da viclag8o da legislagdo vigente, ou guando da inadequagéo,

6 |omissdo ou falsa descrigdo de informagdes relevantes que subsidiaram a expedicdo do ato, poderd, mediante decisdo motivada, ter a autorizacdo ou licenca
suspensa ou revogada pelo ICMBio e o material biclégico coletado apreendido nos termos da legislagdo brasileira em vigor.

Este documento ndo dispensa o cumprimento da legislagdo que dispde sobre acesso a compenente do patriménio genético existente no territorio nacional, na

7 | plataforma continental e na zona econdmica exclusiva, ou ao conhecimento tradicional associado ao patriménio genético, para fins de pesquisa cientifica,
bioprospectdio & desenvelvimento tecnoldgico. Veja maiores informagdes em www.mma.gov.bricgen.

Em caso de pesquisa em UNIDADE DE CONSERVACAQ, o pesquisador titular desta autorizacao devera contactar a administragéo da unidade a fim de CONFIRMAR

8 AS DATAS das expedigdes, as condigbes para realizagéo das coletas e de uso da infra-estrutura da unidade.

Equipe

# MNome Fungio CPF Doc. ldentidade Macionalidade
1 [ Lanssa Novaes Simoes Executora 108.722.577-97 1957273 S5P-ES Brasileira

2 | Levy de Carvalho Gomes Colaborador 024.833.107-88 103576104 IFP-RJ Brasileira

3 | LUCIAND DE OLIVEIRA GARCIA Colaborador 919.132.760-15 5047330818 SSP-RS Brasileira

Locais onde as atividades de campo seréo executadas

[#F] Municipio [ UF [Descricao do local [Tipo |
] [RS  [Praia do Cassino | Fora de UC Federal |

Este documento (Autorizagdo para atividades com finalidade cientifica) foi expedido com base na Instrugdo Normativa n®154/2007. Através do codigo
de autenticacdo abaixo, qualquer cidaddo podera verificar a autenticidade ou regularidade deste documento, por meio da pagina do Sisbio/ICMBio na

Internet (www.icmbio.gov.brisisbio).

Cddigo de autenticagéo: 24965644 Hm ‘"“‘l‘l”””"‘
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Ministério do Meio Ambiente - MMA
Instituto Chico Mendes de Conservacdo da Biodiversidade - ICMBio
Sistema de Autorizacdo e Informaco em Biediversidade - SISBIO

Autorizacao para atividades com finalidade cientifica
Nimero: 33571-1 Data da Emissdo: 26/04/2012 08:38

Dados do titular
Mome: Bemnardo Baldisserotto CPF: 405.443.620-04

Titulo do Projeto: O USO DO OLEQO ESSENCIAL DE Lippia alba E EUGENOL COMO ANESTESICOS EM ALGUNS ANIMAIS AQUATICOS
MARINHOS

MNome da Instituicio : Prefeitura da Cidade Universitana - UFSM CNPJ: 95.591.764/0001-05
[2] [ES [PraiadaCosta [Fora de UC Federal ]
Atividades X Taxons

# Atividade Taxons

1 Captura de animais silvestres in sifu Actinopterygii, Bivalvia, Elasmobranchii, Polychaeta, Echincidea, Malacostraca, Astercidea

Echincidea (*Qtde: 20), Elasmobranchii (*Qtde: 35), Actinopterygii (*Qtde: 800), Astercidea

2 | Coletalransporte de especimes da fauna silvestre in situ (*Qtde: 20), Malacostraca (*Qtde: 20), Polychata (*Qtde: 20), Bivalvia (*Qtde: 20)

Manutengéo temporaria (até 24 meses) de invertebrados
silvestres em cativeiro

Manutencao temporaria (ate 24 meses) de veriebrados silvestres
em cativeiro

3

Echinoidea, Polychasta, Astercidea, Malacostraca, Bivalvia

4

Actinopterygii

* Qtde. de individuos por espécieflocalidade/unidade de conservagdo, a serem coletados durante um ano.

Material e métodos
1 Metodo de captura/coleta (Inveriebrados Aquaticos) Coleta manual, Draga, pegador (Van veen, Box corer, Holme, Petersen, etc.)

Puga, Anzol e linha (op.manual)linha de méo,de corso,carretilha,melinete, comico, vara & isca viva,
Rede de amasto de praia: cerco de praia (tragéo manual)

2 | Método de capturalcoleta (Peixes)

Destino do material biolégico coletado
# Nome local destino Tipo Destino
1 SOCIEDADE EDUCACIONAL DO ESPIRITO SANTO - LV
2 |UNIVERSIDADE FEDERAL DO RIO GRANDE - FURG

Este documento (Autorizagdo para atividades com finalidade cientifica) foi expedido com base na Instrucio Normativa n®154/2007. Através do codigo
de autenticacdo abaixo, qualquer cidad3o podera verificar a autenticidade ou regularidade deste documento, por meio da pagina do Sisbio/ICMBio na

Internet (www.icmbio.gov brisisbio).
Codigo de autenticacgdo: 24965644 Hm ‘l |HH”"‘
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Ministério do Meio Ambiente - MMA
Instituto Chico Mendes de Conservagdo da Biodiversidade - ICMBio
Sistema de Autorizacdo e Informacdo em Biediversidade - SISBIO

Autorizacdo para atividades com finalidade cientifica

Numero: 33571-1 Data da Emissdo: 26/04/2012 08:38

Dados do titular

Nome: Bemnardo Baldisserotto CPF: 405.443.620-04

Titulo do Projeto: O USO DO OLEO ESSENCIAL DE Lippia alba E EUGENOL COMO ANESTESICOS EM ALGUNS ANIMAIS AQUATICOS
MARINHOS

Nome da Instituicdo : Prefeitura da Cidade Universitana - UFSM |CNPJ: 95.591.764/0001-05

Reqistro de coleta imprevista de material biologico

De acordo com a Instrucdo Normativa n®154/2007, a coleta imprevista de material biolégico ou de substrato néo
contemplado na autorizacio ou na licenca permanente devera ser anotada na mesma, em campo especifico, por
ocasido da coleta, devendo esta coleta imprevista ser comunicada por meio do relatdrio de atividades. O transporte do
material biologico ou do substrato devera ser acompanhado da autorizacdo ou da licenca permanente com a devida
anotacao. O material bioldgico coletado de forma imprevista, devera ser destinado a instituicéo cientifica e, depositado,
preferencialmente, em colecéo biolégica cientifica registrada no Cadastro Nacional de Colegdes Bioldgicas (CCBIO).

Taxon* Qtde. Tipo de amostra Qtde. Data

* Identificar o espécime no nivel taxondmico possivel.

Este documento (Autorizagdo para atividades com finalidade cientifica) foi expedido com base na Instrugdo Mormativa n®154/2007. Através do codigo
de autenticacdo abaixo, qualquer cidaddo podera verificar a autenticidade ou regulanidade deste documento, por meio da pagina do Sisbio/ICMBio na

Internet (www.icmbio.gov brisisbio).

Cddigo de autenticacdo: 24965644 Hm ‘l I‘ “‘ |HH”"‘
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118

ANEXO E - APROVACAO DA COMISSAO DE ETICA NO USO DE ANIMAIS NA
UNIVERSIDADE DE VILA VELHA (CEUA/UVV) (N° 218/2012)

UNIVERSIDADE Comissao de Etica no Uso de

VILAVELHA Animais (CEUA- UVV)

E3xridEToO BAaRTH

PARECER CONSUBSTANCIADO

Parecer N2. 218/2012- Protocolo de Pesquisa

Pesquisador (a) Responsavel: Prof. Dr. Levy de Carvalho Gomes

O uso do dleo essencial de Lippia alba e eugenol como anestésicos em

alguns animais aquaticos.

Situacdo: APROVADO

A Comiss3o de Etica no Uso de Animais da Universidade Vila Velha ({CEUA- UVV) analisou na
sessdo do dia 23 de outubro de 2013 o processo n2 292- 2013, referente o projeto: “O uso do éleo
essencial de Lippia alba e eugenol como anestésicos em alguns animais aquaticos”, tendo como
responsavel Prof. Dr. Levy de Carvalho Gomes, sendo considerado adequado e satisfatoriamente de
acordo com as exigéncias das Resolugbes que regem esta comissdo, aparado pela Portaria CFBio
148/2012, enquanto a mesma tiver validade.

Assim, mediante a importidncia social e cientifica que o projeto apresenta a sua
aplicabilidade e conformidade com os requisitos éticos, somos de parecer favoravel a realizacdo do
projeto classificando-o como APROVADO, pois 0 mesmo atende aos Requisitos Fundamentais das
Normas de Conduta para a Utilizacdo de Animais no Ensino, Pesquisa e Extensdo da Universidade
Vila Velha.

Solicita-se ao (a) pesquisador (a) o envio a esta CEUA, de relatdrios parciais sempre quando
houver alguma alteracdo no projeto, bem como o relatério final enviado em PDF.

Vila Velha, 23 de outubro de 2013.

W

Prof. Dr. Jodo Luiz Rossi Junior
Coordenador da CEUA-UVV.

Universidade Vila Velha
Rua Comissdrio José Dantas de Melo, 21, Boa Vista, Vila Velha-ES, CEP.: 29102-770
joao.rossi@uvv.br
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ANEXO F - CERTIFICADO DE QOMPETENCIA PARA TRABALHAR COM
ANIMAIS DE EXPERIMENTACAO - ESPANHA

: /'r\ \ Instituto de Investigacion y Formacion Agraria y Pesquera 04 MAR -
JUNTA BE ANEALUCR CONSEIERIA DE AGRICULTURA , PESCA Y MEDIO AMBIENTE ¢ 1 MAR. 2013 |

N iorviics Centra

[ C(oo- (03] ..

S |

]

Fecha: 25 de febrero de 2013 Juan Antonio Martos Sitcha .
instituto de Ciencias Marinas de Andalucia
Ref. MILI/alvn

Avda. Republica Arabe Saharawi, N°2
11510 Campus Universitario
Puerto Real {Cadiz).

Asunto: Certificado de competencia para trabajar
con animales de experimentacion.

Vista su solicitud de expedicion de solicitud de certificacion de competencia para trabajar con animales
de experimentacion (Decreto 80,2011, por el que se regula la formacion en bienestar animal), se remite

el correspondiente cerfificado de competencia para trabajar con animales de experimentacién en su

categoria C.

LA JEFA DE SERVICIO DE FORMACION

Fdo.: Maria |sabel Lapez Infante
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Certificado de competencia de bienestar animal en animales utilizados para
experimentacion y otros fines cientificos (categoria C).

1. IDENTIFICACION

1.1 Apellidos
MARTOS SITCHA
1.2 Nombre
JUAN ANTONIO
1.3 Fecha de 1.4 Lugar y pais de nacimiento 1.5 Nacionalidad
nacimiento
18/03/1985 CARTAGENA, MURCIA (ESPANA) ESPANOLA
(23048928F)
2. N° DEL CERTIFICADO: CONV-1300100

3. ORGANISMO QUE EXPIDE EL CERTIFICADO
3.1 Nombre y direccion del organismo que expide el certificado

CONSEJERIA DE AGRICULTURA, PESCA Y MEDIO AMBIENTE
INSTITUTO DE INVESTIGACION Y FORMACION AGRARIA Y PESQUERA

Edificio BLUENET. Avda. Isaac Newton 3, 2*
Parque C. y T. Cartuja' 93 41092 Sevilla(Espana)

3.2 Teléfono 3.3 Fax 3.4 Correo electronico/Email
954 994 594 954 994 622 bienestar.ifapa@juntadeandalucia.es
3.5 Fecha 3.6 Lugar 3.7 Sello
25/02/2013 SEVILLA
3.8 Nombre y firma T Y T
£l Presidente del Instituto de Investigacion y Formacian Agraria y Pesquera ‘,’_'gr,'"'“ i ' “

< /

Fdo. Victor Ortiz Somovilla

DECRETO 80/2011, DE 12 DE ABRIL, POR EL QUE SE REGULA LA FORMACION EN BIENESTAR ANIMAL.

PR ’ su 5 "
\ Instituto de lnvesttgadb? y Formadion Agraria y Pesguera
CONSEJERIA DE AGRICULTURA, PESCA Y MEDIC AMBIENTE

UNION EUROPEA



