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RESUMO
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AUTORA: JOSEANIA SALBEGO
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As praticas de manejo utilizadas na aquicultura estdo entre os principais fatores
estressantes para peixes e podem causar reacdes fisiologicas adversas, afetando as suas
funcBes essenciais. Em decorréncia da crescente utilizacdo de anestésicos e sedativos no
transporte de peixes, é importante a analise do efeito destes agentes para peixes nativos, bem
como a padronizacdo de métodos alternativos, como a utilizacdo de extratos de plantas. Com
este proposito, o presente trabalho avaliou a eficicia da utilizacdo do eugenol (EUG), do dleo
essencial de Lippia alba (OEL) e do extrato metandlico de Condalia buxifolia (EMC) no
transporte de jundia (Rhamdia quelen). No experimento I, peixes (301,2 + 21,4 g, 28,9 + 1,30
cm, densidade de carga 169,2 g L) foram transportados por 4 h, em sacos plasticos,
divididos em cinco tratamentos: controle, EUG 1,5 ou 3,0 uL L™; OEL 10 ou 20 uL L™ Os
pardmetros analisados foram a atividade da acetilcolinesterase (AChE) (encéfalo e musculo);
marcadores oxidativos ndo enzimaticos tais como o contetdo de proteina carbonil (PC) e
formagdo de espécies reativas ao acido tiobarbitirico (TBARS) e atividade dos antioxidantes
glutationa reduzida (NPSH) e glutationa -S- transferase (GST), no figado. Além disso, foram
analisados parametros gerais relacionados ao metabolismo: glicogénio, lactato e proteina
(figado e musculo). No experimento 11, os peixes (420,1 + 8,8 g, 21,2 £ 2,3 cm, densidade de
carga 275,1 g L™), foram transportados por 6 h em sacos plasticos, divididos em cinco
tratamentos: controle, OEL 30 ou 40 pL L™ e EMC 5 ou 10 uL L™. Avaliou-se o balanco
ionorregulatdrio, pardmetros da agua e do sangue, atividade das enzimas AChE, NTPDase e
5'-nucleotidase (em encéfalo) e parametros bioquimicos tais como: niveis de NPSH, CAT,
GST, GPx, SOD, acido ascorbico, TBARS e PC em figado, branquias, musculo e rim. Nestes
orgdos também foram avaliados pardmetros metabdlicos. Os resultados obtidos mostraram
que, independente do tempo de transporte (4 ou 6 h), as concentracGes e 0s extrativos testados
reduziram as atividades bioguimicas na maioria dos tecidos. Ocorreu estresse oxidativo em
alguns Orgdos avaliados, mas essas variacdes ndo indicam que esses extrativos sejam
prejudiciais aos peixes durante o transporte. EMC foi eficaz na redugdo da perda de ions e
excrecdo de amonia. Portanto, com base nestes dados recomenda-se o0 uso de OEL e EMC no
transporte de jundias.

Palavras-chave: Jundia. Estresse oxidativo. Eugenol. Lippia alba. Condalia buxifolia.
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Management practices used in aquaculture are among the main stressful factors to fish
and can cause adverse physiological reactions, affecting their essential functions. Due to the
increasing use of anesthetics and sedatives on fish transport, it is important to analyze the effect
of these agents in native fish, as well as standardization of alternative methods such as the use
of plant extracts. Consequently this study evaluated the effectiveness of the use of eugenol
(EUG), essential oil of Lippia alba (EOL) and methanolic extract of Condalia buxifolia
(MECB) in the transport of silver catfish (Rhamdia quelen). In the first experiment fish (301.2
+21.4 g, 28.9 + 1.3 cm, loading density 169.2 g L™) were transported for 4 h in plastic bags,
divided into five treatments: control, EUG 1.5 or 3.0 uL L™ and EOL 10 or 20 pL L™ The
analyzed parameters were acetylcholinesterase (AChE) activity (brain and muscle); non-
enzymatic oxidative markers such as protein carbonyl content (PC) and formation of
thiobarbituric acid reactive species (TBARS) and antioxidant activity of reduced glutathione
(NPSH) and glutathione -S- transferase (GST) in the liver. In addition, general parameters
related to metabolism were analyzed: glycogen, lactate and protein (liver and muscle). In the
second experiment fish (420.1 + 8.8 g, 21.2 + 2.3 cm, loading density 275.1 g L™) were
transported in plastic bags for 6 h, divided into five treatments: control, EOL 30 or 40 uL L™
and MECB 5 or 10 pL L™. In this experiment the ionorregulatory balance, water and blood
parameters, activity of the enzymes AChE, NTPDase and 5'-nucleotidase (in the whole brain)
and biochemical parameters such as: levels of NPSH, CAT, GST, GPx, SOD, ascorbic acid,
TBARS and PC in liver, gill, muscle and kidney were evaluated. In these tissues, metabolic
parameters were also evaluated. The results showed that, regardless of transport time (4 or 6 h),
concentrations and extractives tested reduced biochemical activity in most tissues. There was
oxidative stress in some tissues, but these variations do not indicate that these extractives are
harmful to fish during transport. MECB was effective in reducing the ions loss and ammonia
excretion. Therefore, based on these data it is recommended the use of EOL and MECB in the
transport of silver catfish.

Keywords: Silver catfish. Oxidative Stress. Eugenol. Lippia alba. Condalia buxifolia.
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INTRODUCAO

A aquicultura apresenta-se como uma alternativa promissora na produgdo de
alimentos. O continuo aumento do consumo de pescados é um dado presente na inddstria
alimenticia atual e, por conseguinte, 0 aumento nas atividades de pesca e aquicultura, no
Brasil e no mundo, vem sendo registrado (Food and Agriculture Organization of the United
Nations - FAO, 2013). A maior producdo de peixes, no entanto, requer uma série de praticas
de manejo (biometria, analises patologicas, implante hormonal, manejo, captura e transporte)
as quais provocam injurias aos animais e estdo entre os principais fatores estressantes para
peixes criados em cativeiro (BARTON; IWAMA, 1991; BARTON, 2000; COOKE et al.,
2004).

O transporte de peixes pode ser feito através do sistema aberto, em caixas d’agua
adaptadas e galdes de pléstico, entre outros, ou fechado, em sacos plasticos, com adicdo de
oxigénio comercial (GOMES, L.C. et al., 2003, 2006), sendo que na presente tese utilizou-se

o sistema de transporte fechado- sacos plasticos suplementados com oxigénio puro (Figura 1).

Figura 1 — Sistema fechado de transporte de peixes: saco de plastico com jundias (Rhamdia
quelen), alocados para o transporte.

Fonte: arquivo pessoal.
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Estudos com vérias espécies de peixes tém mostrado que durante o transporte eles sao
expostos a diferentes estimulos de estresse destacando-se manejo, captura, altas densidades de
carga, qualidade da agua inadequada e baixos niveis de oxigénio (SCHRECK et al., 1995;
ERIKSON et al., 1997; CUNHA et al., 2010a; GOMES, D.P. et al., 2011; BECKER et al.,
2012). O estresse, por sua vez, resulta em variagdes em parametros metabolicos e fisiologicos,
como por exemplo, alteragcbes na homeostase (TORT, 2011) e fungdes vitais (CHANDROO
etal., 2004; ZAHL et al., 2009; ZAHL; SAMUELSEN; KIESSLINH, 2012) o que pode,
inclusive, levar os peixes ao Obito, resultando em prejuizos aos produtores (BARTON;
IWAMA, 1991; BARTON, 2000). O uso de sedativos durante o transporte pode diminuir esse
estresse (SNEDDON, 2012; ZAHL; SAMUELSEN; KIESSLINH, 2012), melhorando o bem
estar animal (CHANDROQO et al., 2004).

O jundia, Rhamdia quelen (Quoy & Gaimard,1824, Heptapteridae) (Figura 2), é um
teledsteo de agua doce, nativo da América do Sul e Central (BARCELLOS et al., 2004). E a
espécie nativa mais importante para a piscicultura do sul do Brasil, pois além de apresentar
boa produtividade e aceitacdo para 0 consumo, tem boa reproducdo e pronunciado
crescimento em cativeiro. Sobrevive as divergéncias climaticas tipicas dessa regido, podendo
alimentar-se de diferentes fontes de nutrientes (LAZZARI et al., 2006; BALDISSEROTTO,;
RADUNZ NETO; BARCELLOS, 2013).

Qb g, ¥
Qg P06,
N

o,
Qgg 00
Yugauag Lan

Frivscsvmms
:lrnr.-:.

Figura 2 — Exemplares de jundia (Rhamdia quelen).
Fonte: arquivo pessoal.
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Com esta espécie, trabalhos demonstram a eficacia do eugenol (obtido de Eugenia
caryophillata) e do 6leo essencial de Lippia alba como sedativos e anestésicos, associados ou
ndo ao transporte (CUNHA et al., 2010a,b; AZAMBUJA et al., 2011; GOMES, D.P. et al.,
2011; BECKER et al., 2012; HELDWEIN et al., 2012). Atualmente, o extrato metandlico da
Condalia buxifolia € um novo sedativo que vem sendo estudado, visando facilitar as praticas
de transporte na piscicultura e que mostrou eficicia para o transporte do jundid (BECKER et
al., 2013).

O cravo, E. caryophillata (Eugenia aromaticum, Syzygium aromaticum) popularmente
conhecido como cravo-da-india, fornece um 6leo aromatico (SCHULTZ, 1984), conhecido
como o6leo de cravo (Figuras 3, A e B), o qual tem como constituinte majoritario (70-90%) o
fenilpropeno eugenol [2-metoxi-4-(2-propenil) fenol] (Unido Internacional de Quimica Pura e
Aplicada- IUPAC), consolidado como anestésico e sedativo eficaz para peixes (INOUE et al.,
2003, 2004, 2011; ROUBACH et al., 2005; BARBOSA L.G. et al., 2007; GONCALVES,
A.F.N. et al., 2008; HONCZARYK; INOUE, 2009; CUNHA et al., 2010b; GOMES, D.P.
etal., 2011).

EUGENOL

(DCB n° 03763)
AGENTE DE OBTURAGCAO

PROVISORIA
FARM. BRAS.
PARA
USO ODONTOLOGICO

| CONTEUDO 20ml

Figuras 3 A e B — Respectivamente — Cravo-da india (botdes florais secos) e eugenol,
adquirido comercialmente e utilizado para o experimento.

Fonte: arquivo pessoal.

O género Lippia (Verbenaceae) inclui aproximadamente 200 espécies de pequenos
arbustos. A Lippia alba (Mill.) N.E. Brown é um arbusto aromatico (Figura 4), conhecido no

Brasil por erva cidreira, capim-liméo, falsa melissa, entre outros, e € utilizada popularmente
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para diversos fins, em especial por suas propriedades calmantes e analgésicas (Di STASI
etal., 2002; BARBOSA, F.G. et al., 2006; HEINZMANN; BARROS, 2007; BARROS et al.,
2009). E uma espécie cosmopolita, encontrada em todos os paises da América do Sul e
Central (PASCUAL et al., 2001; HENNEBELLE et al., 2008), territorios tropicais da Africa
(STASHENKO; JARAMILLO; MARTINEZ, 2004), India (SHUKLA et al., 2009), e
Austrélia (DAY; McCANDREW, 2003).

Figura 4 — Lippia alba, aspecto geral da planta.
Fonte: Berta Maria Heinzmann.

Esta espécie mostra uma notavel variacdo na morfologia da planta e composicdo do
6leo essencial, o qual varia dependendo da origem geogréfica e, por isso, é classificada em
diferentes quimiotipos, de acordo com a constituicdo do 6leo essencial (PASCUAL et al.,
2001; TELES et al., 2012). Trés quimiotipos j& foram estabelecidos no Nordeste do Brasil:

limoneno e carvona, limoneno e citral, mirceno e citral (BARBOSA, F. G. et al., 2006)
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enquanto que em Sao Paulo o componente majoritdrio encontrado foi o linalol
(STASHENKO; JARAMILLO; MARTINEZ, 2004), quimiotipo também predominante nas
plantas utilizadas para o presente trabalho (linalol-3,7-dimetil-octa-1,6-dien-3-ol,
monoterpeno - IUPAC), as quais foram cultivadas em Séo Luiz Gonzaga e Santa Maria, RS.
A Condalia buxifolia Reissek (Rhamnaceae) é uma arvore de aproximadamente quatro
metros de altura encontrada no Sul do Brasil, Uruguai e Argentina, com caracteristicas
espinescentes (Figura 5). E usada na medicina popular como febrifuga, anti-inflamatoria,
contra disenterias e também por suas propriedades calmantes (MOREL et al., 2002, 2005).
Plantas da familia Rhamnaceae sd&o amplamente utilizadas na medicina popular
(GIACOMELLI et al., 2004; MALDANER et al., 2011) e sdo ricas em peptideos alcaloides
com diversas atividades bioldgicas, incluindo propriedades sedativas (vide MOREL et al.,
2002). Maldaner (2005) descreve quatro metabolitos secundarios isolados da C. buxifolia:
condalina-A (alcaloide ciclopeptidico), p-sitosterol (fitoesteroide), lupeol e taraxerol

(triterpenos).

Figura 5 — Condalia buxifolia.
Fonte: arquivo pessoal.
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Na tradicional medicina indiana, algumas espécies de plantas que possuem alcaloides,
B-sitosterol e taraxerol sdo utilizadas por suas propriedades ansioliticas e antioxidantes
(SETHIYA et al., 2009). Também em outros paises orientais, € bastante conhecido o uso da
semente de Zizyphus jujuba Mill var. spinosa (Rhamnaceae), rica em peptideos alcaloides, por
suas propriedades tranquilizantes e analgésicas (MA et al., 2008).

Cabe destacar também o estudo de Boligon et al. (2009), com extrativos de folhas e
cascas do caule de Scutia buxifolia (Rhamnaceae), os quais mostraram propriedades
antioxidantes em encéfalo de ratos e, recentemente, o estudo de Becker et al. (2013) o qual
comprovou a atividade sedativa do extrato metandlico da C. buxifolia em jundia.

A sedacdo é uma redugdo na sensibilidade que resulta em tranquilidade e calma,
descrita por alguns autores como anestesia leve (ZAHL; SAMUELSEN; KIESSLING, 2012).
Esta ocorre devido a interacdo do farmaco sedativo com o receptor do acido gama-
aminobutirico (GABA), o qual é um canal de cloreto, facilitando assim a hiperpolarizacéo da
célula e depressdo do sistema nervoso central (SNC) (HELDWEIN et al., 2012; MA et al.,
2008). A anestesia (do grego, sem sensa¢do), por sua vez, compreende diversos componentes,
incluindo sedacdo, relaxamento muscular, imobilizacdo, inconsciéncia (narcose), amnésia
(perda de memoria) e analgesia (alivio da dor). O processo de anestesia pode ser geral ou
local. Entende-se por anestesia geral um estado de inconsciéncia, relaxamento do musculo
esquelético e inibicdo dos reflexos sensoriais, causado por um agente depressor do SNC.
Embora ndo haja um mecanismo definido, acredita-se haver o envolvimento da via
gabaérgica, entre outras, as quais interagem. A anestesia local resulta do bloqueio da
transmisséo sensorial de uma determinada regido do corpo para o SNC, através do bloqueio
dos canais de sodio das membranas excitatorias neuronais (JAVAHERY et al., 2012;
SNEDDON, 2012; ZAHL; SAMUELSEN; KIESSLING, 2012).

A utilizagdo de anestésicos em peixes ndo é recente (McFARLAND, 1959;
SCHOETTGER; JULIN, 1967; SEIGNEUR, 1984) e vem sendo investigada com o proposito
de facilitar as praticas de manejo e procedimentos veterinarios, tornando-os menos invasivos,
proporcionando bem-estar, menos estresse e consequentes danos fisioldgicos aos animais
(CHANDROO et al.,, 2004; COOKE et al., 2004; SEGNER et al., 2012). Em baixas
concentracdes 0s anestésicos sdo utilizados com a finalidade de sedacdo para reduzir a
atividade e a taxa metabdlica, enquanto que as concentragdes mais elevadas sdo
rotineiramente especificadas durante procedimentos que sdo considerados estressantes ou
dolorosos para os peixes (KIESSLING et al., 2009).
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O processo de sedacdo em peixes tem sido usado principalmente para as praticas de
transporte. Entre os produtos comumente reportados até 0 momento estdo a benzocaina (etil
aminobenzoato) (GOMES, L.C. et al., 2006) e o eugenol, os quais sdo considerados baratos e
seguros para os animais, produtor e ambiente (INOUE et al., 2005; GUENETTE et al., 2007;
CUNHA et al., 2010b; GOMES, D.P. et al., 2011), o metanosulfonato de tricaina (metacaina,
MS-222), o hidrocloreto de metomidato, a quinaldina, o sulfato de quinaldina, o isoeugenol
(Aqui-S®) e o 2-fenoxietanol, ambos utilizados para diminuir o estresse causado pelo
transporte (IVERSEN et al., 2003; SMALL, 2003, 2004; COOKE et al., 2004; SINGH et al.,
2004; SNEDDON, 2012; ZAHL; SAMUELSEN; KIESSLING, 2012; GHANAWI;
MONZER; SAOUD, 2013).

No entanto, alguns destes produtos apresentam efeitos toxicos que podem
comprometer a saude dos animais, bem como dos produtores, além de ndo haver protocolos
especificos em relacdo as concentracfes adequadas para as diferentes espécies de peixes
cultivadas (GUENETTE et al.,, 2007; SNEDDON, 2012; ZAHL; SAMUELSEN;
KIESSLING, 2012). Outras sdo dificeis de serem obtidas e também tém custo elevado,
dificultando o acesso por parte do produtor (PAVLIDIS et al., 2003; SINGH et al., 2004;
GOMES, L.C. etal., 2006; ZAHL; SAMUELSEN; KIESSLING, 2012). Além disso, somente
0 MS-222 ¢ liberado pelo United States Department of Health and Human Services Food and
Drug Administration (U.S. FDA) (SMALL, 2003) e o consumo do pescado s6 é permitido
21 dias ap6s a aplicacdo (IVERSEN et al., 2003). O Aqui-S® tem aprovacdo para a produco
de peixes destinada a alimentacdo na Australia, Chile, Nova Zelandia (SMALL, 2004), Costa
Rica e Republica da Coreia. Na Noruega, é usado em reprodutores e na pesquisa (ZAHL,
SAMUELSEN; KIESSLING, 2012) e nos Estados Unidos da América aguarda a aprovacao
(KIESSLING et al., 2009). Adicionalmente, embora sendo aceito para as praticas de
aquicultura na Australia e Nova Zelandia, entre outros paises da Oceania (INOUE et al., 2005;
ROSS; ROSS, 2008), o eugenol ou qualquer ingrediente ativo derivado do 6leo de cravo, ndo
sdo liberados pelo U.S. FDA ( 2007), visto que, estudos comprovam que estas moléculas sdo
carcinogénicas para roedores.

Em vista dessas informagdes, é evidente a importancia do estudo de novos extrativos
naturais que minimizem o estresse em peixes. O estresse pode ser descrito como uma
alteracdo na condicdo bioldgica basal, em condi¢bes de repouso, que resulta em desordens a
homeostase e compromete 0 bem-estar do animal. Bem-estar € um tema complexo e ndo ha
um consenso quanto a sua definicdo. Contudo, a maioria das definigdes levam em conta trés
categorias: percepcao, natureza e fungdo (CHANDROO et al., 2004; SEGNER et al., 2012).
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Estressores podem ser classificados de acordo com diferentes critérios, conforme a
duracdo ou percepgdo da fonte. A resposta imediata ao estresse resulta na ativagdo simpatica
do eixo hipotaldamico-pituitaria-interrenal (eixo HPI) levando ao aumento dos niveis de
catecolaminas e cortisol no sangue. Dependendo da duracdo ou intensidade do agente
agressor, podem resultar situagdes muito diferentes, embora em todos os casos leve a
ativagdo de uma sequéncia de mecanismos para restabelecer a homeostase (BARTON;
IWAMA, 1991; GERWICK et al., 1999; TORT, 2011). A ativacdo do eixo HPI, por sua vez,
desencadeia uma série de respostas, classificadas conforme a seguir: 1) resposta primaria ou
neuroenddcrina, a qual é caracterizada por um significativo aumento dos hormonios
corticosterdides e catecolaminas; 2) resposta secundaria, que corresponde ao aumento das
atividades metabdlicas, da permeabilidade celular e dos batimentos cardiacos e 3) terciaria,
decorrente de um maior tempo de exposi¢do, a qual diminui os leucdcitos circulantes, a
imunidade e o crescimento (MAZEAUD et al.,1977; BARTON; IWAMA, 1991; BARTON
et al., 1998; GERWICK et al., 1999).

A resposta primaria pode levar a alteracbes na atividade das enzimas
acetilcolinesterase (AChE; E.C. 3.1.1.7), enzima presente no sistema colinérgico, e
ectonucleotidases, destacando-se neste trabalho as enzimas NTPDase-1 (ATP
difosfohidrolase, Apirase, Ecto/CD39, do grupo das ecto-nucleotideo trifosfato
difosfoidrolases, EC 3.6.1.5) e a ecto- 5’-nucleotidase (CD73; E.C. 3.1.3.5), enzimas presentes
no sistema purinérgico, uma vez que esta resposta envolve mecanismos neuronais. Essas
enzimas, por sua vez, desempanham mecanismos fundamentais envolvidos na
neurotransmissdao (SCHETINGER et al., 2000; ABBRACCHIO et al., 2008; GUTIERRES
etal., 2012a,b, 2014).

O sistema colinérgico estd relacionado com diversas fungdes vitais, entre elas a
cognigdo. Entre os neutransmissores envolvidos nesse sistema, destaca-se a acetilcolina
(ACh), a qual age como moduladora de respostas neuronais desencadeadas por estimulos
sensoriais. A AChE é uma enzima que degrada a ACh em colina e acido aceético. Essa reacéo ¢
necessaria para que o neurdnio colinérgico retorne a seu estado de repouso apos a ativacao.
Portanto, essa enzima controla a concentragdo de ACh nas fendas sinapticas e,
consequentemente, a transmissdo colinérgica (SCHMATZ et al., 2009; BLENAU;
RADEMACHER; BAUMANN, 2012; GUTIERRES et al., 2012a, 2014). A diminuicdo na
atividade dessa enzima faz com que a acetilcolina ndo degrade e acumule-se nessas fendas,
alterando as funcbes cognitivas. Em peixes, esta alteracdo pode levar a diminuicdo do
movimento e ao nado erratico (TIWARI; SINGH, 2004; SALBEGO et al., 2010).
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O sistema purinérgico é constituido por uma série de moléculas da membrana
plasmatica, envolvidas em vérias funcbes celulares, entre elas as relacionadas a
neurotransmissao e, portanto, alvo de promissores estudos nesta area (SCHETINGER et al.,
2000; ABBRACCHIO et al., 2008; BURNSTOK et al., 2012). A organizacdo desse sistema
pode ser assim definida: 1) nucleotideos e nucleosideos extracelulares; 2) receptores destes
nucleotideos e nucleosideos e 3) ectoenzimas responsaveis pelos niveis extracelulares destas
moléculas (YEGUTKIN, 2008; SCHMATZ et al., 2009).

A sinalizacdo purinérgica, faz parte de uma cascata de eventos, através dos quais
ocorre a comunicacdo entre as células, sendo o ATP (um nucleotideo trifosfato) a molécula
sinalizadora fundamental, desse sistema. Em adi¢do, o ATP participa de outros processos
celulares, atuando em vias metabdlicas e participando do transporte e conservacdo de energia.
A exemplo de todos os nucleotideos, esta entre as substancias mais amplamente distribuidas
nas células dos vertebrados (ZIMMERMANN et al., 2007; ABBRACCHIO et al., 2008).

Identificado na década de 70 pela neurotransmissdo ndo adrenérgica e ndo colinérgica,
¢ atualmente reconhecido como um cotransmissor, atuando nas inervacdes do sistema nervoso
periférico e central. Em conjunto com outros nucleotideos tais como a adenosina difosfato
(ADP) e adenosina monofosfato (AMP) atua como sinalizador purinérgico intercelular em
diferentes situacOes fisiologicas, podendo indicar o estado de salde de um organismo
(SCHETINGER et al., 2000; BURNSTOK, 2006, 2008, 2012; YEGUTKIN, 2008;
SCHMATZ et al., 2009), visto que os niveis extracelulares desses nucleotideos estdo
diretamente relacionados com o funcionamento celular, manutencdo da homeostase e
respostas ao estresse oxidativo. Por sua vez, as ectonucleotidases NTPDase e 5'-nucleotidase,
entre outras, de forma sincronizada, desencadeiam uma série de ac¢fes as quais controlam os
niveis extracelulares desses nucleotideos (entre outras moléculas) (ZIMMERMANN, 2007;
2011; SCHMATZ et al., 2009; GUTIERRES et al., 2012b; GONCALVES, J.F. et al., 2013).

Estresse oxidativo é definido como um desequilibrio entre os niveis de pro-oxidantes e
antioxidantes, no qual os primeiros se sobressaem causando danos potenciais aos
componentes celulares (proteinas, lipideos, DNA), sendo a membrana celular um dos
primeiros alvos (SIES, 1991; HALLIWELL; GUTTERIDGE, 1999). O oxigénio, apesar de
essencial aos organismos aerébicos, naturalmente durante o processo de combustao, utilizado
para converter os nutrientes dos alimentos absorvidos, em energia, produz espécies reativas de
oxigénio (EROs) como resultado do metabolismo celular. Entre elas, pode-se incluir o
peroxido de hidrogénio (H,0,), o radical hidroxila ((OH), o anion superéxido (O;"), entre
outros oxidantes (MATES et al., 2000; WU et al., 2011), os quais estio diretamente
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relacionados com o estresse oxidativo (SIES, 1991; HALLIWELL; GUTTERIDGE, 1999;
HERMES-LIMA; ZENTENO-SAVIN, 2002). Uma das fontes de H,O, é a B-oxidagdo de
acidos graxos. Alteracdes nos niveis de oxigénio e acbes decorrentes do manejo também
podem levar a formacdo de EROs (AZAMBUJA et al., 2011; LUSHCHAK, 2011; PARODI
et al., 2012), as quais levam ao dano oxidativo se houver um desequilibrio entre a formagéo e
remo¢do das mesmas, decorrente da diminuicdo dos antioxidantes enddgenos (produzidos
pelo organismo) e exdgenos (provenientes da dieta) caracterizando um estado pro-oxidante
(SIES, 1991; HERMES-LIMA; ZENTENO-SAVIN, 2002; WILHELM FILHO, 2007).

Um estado pré-oxidante tem como consequéncia o dano aos componentes celulares,
sendo a membrana celular o principal alvo, devido a sua constituicdo lipoproteica. O dano as
proteinas, denominado oxidacdo ou carbonilacdo proteica, resulta na formacdo de grupos
carbonil ou proteina carbonil (PC) devido a oxidacao das cadeias laterais das proteinas (SIES,
1991; PAVANATTO; LLESUY, 2008; AZAMBUJA et al.,, 2011; LUSHCSAK, 2011;
HELDWEIN et al., 2012; PARODI et al.,, 2012). O dano aos lipidios, denominado
lipoperoxidacdo (LPO), induz a producdo de aldeidos enddgenos, destacando-se o
malondialdeido (MDA), considerado um importante desencadeador de disturbios metabolicos.
O MDA ¢ um dialdeido formado como um produto secundario durante a oxidacdo de acidos
graxos poli-insaturados, reativo ao acido tiobarbitdrico (TBARS), sendo, portanto, principal
indicador de dano lipidico (MATES et al., 2000; DMITRIEV; TITOV, 2010; SCHMATZ
etal., 2012).

O ndo reparo aos danos oxidativos pode comprometer a funcionalidade das células e
consequentemente a homeostase de um organismo (SCHMATZ et al., 2012). Para
protegerem-se, as células contam com um complexo sistema de defesa antioxidante
enzimatico (de alto peso molecular) e ndo enzimético (de baixo peso molecular), que
neutraliza a formacdo de EROs e seus efeitos negativos sobre os componentes celulares. Entre
as enzimas antioxidantes mais importantes dos organismos (constituem a primeira linha de
defesa contra as EROs) estdo a superoxido dismutase (SOD), a qual catalisa a dismutacdo do
0O,", em H,0, a catalase (CAT), que reduz o H,O, e a glutationa peroxidase (GPx), que reduz
tanto o H,O, como perdxidos organicos por uma reacio dependente de glutationa (MATES
etal.,1999; HALLIWELL; GUTTERIDGE, 1999; WU et al., 2011; SCHMATZ et al., 2012).
Associada a essas enzimas, estd a glutationa-S-transferase (GST), a qual é considerada uma
enzima detoxificadora, uma vez que participa da detoxificacdo de metabolitos prejudiciais a
célula, utilizando mecanismos de conjugacdo a glutationa reduzida (GSH), reduzindo a
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toxicidade desses metabdlitos, além de torna-los mais hidrofilicos (MATES et al., 2000; WU
etal., 2011).

O sistema de defesa antioxidante ndo enzimatico dispde da GSH, que é um tiol ndo
proteico (por isso também denominada NPSH, conforme sera tratada no decorrer desta tese),
reconhecido como o tiol mais abundante dos seres vivos, e 0 acido ascérbico (vitamina C,
Unico antioxidante exdgeno aqui reportado), considerado um dos antioxidantes mais
importantes nas células animais (ANDERSON; MEISTER, 1989; MEISTER, 1992;
KOCHHANN et al., 2009; SCHMATZ et al., 2012), entre outros, ndo reportados no presente
trabalho. Esse sistema pode atuar de duas formas: 1) inativando radicais livres (SOD, CAT,
GST e GPXx) e 2) reparando os danos ja causados por esses (NPSH e &cido ascérbico).

A resposta secundaria leva a alteragdes no metabolismo proteico e dos carboidratos.
As proteinas sdo 0s maiores constituintes do metabolismo, enquanto que os carboidratos sdo
0S responsaveis por suprir a demanda energética dos animais. Em condic6es desfavoraveis, as
moléculas de proteina sofrem alteracdes, podendo haver tanto a estimulacdo da sintese quanto
a quebra das mesmas. Do metabolismo das proteinas, resultam proteina total, aminoacido e
amonia, enquanto que do metabolismo dos carboidratos resultam glicose, glicogénio e lactato
(MAZEAUD, M.M.; MAZEUD, F.; DONALDSON, 1977; BARTON; IWAMA, 1991,
BARTON et al., 1998).

Adicionalmente, o controle dos parametos sanguineos e de qualidade da &gua,
juntamente com o balanco ionorregulatério, sdo vitais para a sobrevivéncia e bem estar dos
animais, durante o transporte (BECKER et al., 2012).

Considerando esses parametros e 0s extrativos propostos neste trabalho, ndo ha
estudos que os relacionem ao transporte de peixes. Sendo assim, para uma melhor analise da
condicdo dos peixes apOs o transporte com 0s sedativos propostos adicionados a agua de
transporte, é preciso verificar parametros enzimaticos e bioguimicos, os quais, em conjunto,
compdem uma série de eventos essenciais para a manutencdo da homeostase corporal desses

animais.



1 OBJETIVOS

1.1 Objetivo geral

Avaliar o efeito de um fitofarmaco (eugenol) e de fitoterapicos (6leo essencial de
Lippia alba e extrato metandlico de Condalia buxifolia) sobre pardmetros bioquimicos
relacionados ao metabolismo e indicadores de estresse oxidativo em jundias submetidos ao

transporte.

1.2 Objetivos especificos

o \frificar a eficacia do eugenol (EUG), do 6leo essencial de L. alba (OEL) e do extrato
metanolico de C. buxifolia (EMC) para o transporte de jundia.

e Auvaliar os efeitos do eugenol, do OEL e do EMC sobre a atividade da AChE (cerebral
e muscular) e da NTPDase e 5'-nucleotidase (cerebral).

e Investigar as respostas do metabolismo energético e proteico, parametros da agua, do
sangue e balanco ionorregulatorio.

e Determinar pardmetros pré-oxidantes (PC e TBARS) e a atividade de antioxidantes
(NPSH, GST, SOD, CAT, GPX e acido ascorbico) em diferentes tecidos.



2 DESENVOLVIMENTO

Neste item serdo apresentados trés manuscritos, um publicado e dois submetidos,
resultantes do desenvolvimento desta tese. Os manuscritos estdo redigidos de acordo com as

normas dos respectivos periodicos aos quais foram submetidos.

2.1 MANUSCRITO 1 - Biochemical parameters of silver catfish (Rhamdia quelen) after
transport with eugenol or essencial oil of Lippia alba added to the water - submetido ao

periddico Anais da Academia Brasileira de Ciéncias.

2.2 MANUSCRITO 2 - Essential oil of Lippia alba induces oxidative stress in silver
catfish, Rhamdia quelen, after transportation - publicado no periddico Neotropical
Ichthyology.

2.3 MANUSCRITO 3 - Methanolic extract of Condalia buxifolia added to the water of

transport alters biochemical parameters of silver catfish, Rhamdia quelen - submetido ao

periddico Aquaculture.
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ABSTRACT

Sedatives can be an alternative to prevent or mitigate the deleterious effects of transport
stress. This study investigated the effects of eugenol (1.5 or 3.0 pL L™) and essential oil of
Lippia alba (10 or 20 puL L) in the water for transport on some metabolic and oxidative
parameters in the liver and muscle and acetylcholinesterase (AChE) activity in the brain and
muscle of silver catfish, Rhamdia quelen, submitted to transportation for four hours. The
studied concentrations of eugenol and Lippia alba would be advisable for transportation of
silver catfish, since both extractives improved some oxidative (glutathione - GSH and
thiobarbituric acid reactive substances levels - TBARS) and some metabolic (total protein
levels) parameters. However, as eugenol is not recommended by United States Department of
Health and Human Services Food and Drug Administration (U.S. FDA) as anesthetic for fish,

only Lippia alba seems to be a promising anesthetic/sedative recommended for fish transport.

Key words: acetylcholinesterase, fish transportation, metabolism, sedatives, stress.
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INTRODUCTION

In a stressful situation, such as transport, fish demand greater energy, which can be
obtained from glycogenolysis, gluconeogenesis and increases in protein turnover (Mommsen
et al. 1999, Pankhurst 2011). The addition of anesthetics to the water at a sedative
concentration during fish transport could be an important tool to prevent harm. Sedation is a
component of anesthesia and can lead to reduction in sensitivity, which results in tranquility
and calmness (Ross and Ross 2008, Zahl et al. 2012).

Metabolic and antioxidant response in fish submitted to anesthetics has been scarcely
investigated (Inoue et al. 2005, Barbosa et al. 2007, Azambuja et al. 2011, Becker et al. 2012).
Fish transportation in closed systems lead to changes on the dissolved oxygen levels
(Golombieski et al. 2003 Gomes et al. 2006) and this condition can lead to elevated
intracellular reactive oxygen species levels (Azambuja et al. 2011). Reactive oxygen species
(ROS) are generated in aerobic organisms as a result of oxidative metabolism. These ROS can
be harmful, leading to an imbalance between antioxidants and pro-oxidants. This state is
called oxidative stress (Halliwell and Gutteridge 1999, Hermes-Lima and Zenteno-Savin
2002).

The increase of ROS increases oxidation of lipid and protein structures and leads to
damage of both carbohydrates and nucleic acids (Halliwell and Gutteridge 1999, Wilhelm
Filno 2007). Among the markers of oxidative damage are oxidized proteins that form
carbonyl groups (PC) and oxidized lipids that result in the formation of malondialdehyde
(MDA) whose reaction with 2-thiobarbituric acid (TBA) can be estimated by the
thiobarbituric acid-reactive substances (TBARS). In order to protect against oxidative stress,

organisms developed antioxidant enzymes such as glutathione -S-transferase (GST) and
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nonenzymatic antioxidants like glutathione (GSH) (Winston and Di Giulio 1991, Halliwell
and Gutteridge 1999).

Another important parameter to verify possible adverse effects of anesthetics is
acetylcholinesterase (AChE). This enzyme, present in the cholinergic synapses and motor
end-plates is responsible for degrading acetylcholine (ACh) at the synaptic level, being
extremely important for many physiological functions in fish (Blenau et al. 2012). The effect
of anesthetics on AChE activity is poorly documented (Mazzanti et al. 1986, Lintern et al.
2000). Although relationship between ACh and anesthesia have emerged (Hudetz et al. 2003,
Leung et al. 2011), to our knowledge the effects of anesthetic products on the cholinergic
system of fish is still lacking.

Eugenol (EUG) (4-allyl-2-metoxy-phenol), the main component of clove oil, is a well-
studied anesthetic for fish (Roubach et al. 2005, Barbosa et al. 2007, Goncalves et al. 2008,
Cunha et al. 2010b). Recently some studies demonstrated that the essential oil of Lippia alba
(EOL) (Mill.) N.E. Brown (linalool chemotype), is also a suitable anesthetic and/or sedative
for aquatic animals (Cunha et al. 2010a, 2011, Parodi et al. 2012).

The silver catfish (Rhamdia quelen) was chosen because it is the main native species
raised in fish cultures of southern Brazil (Baldisserotto 2009). Thus, the aim of this study was
to investigate the effects of EUG and EOL (at concentrations able to induce only sedation in
fish) on metabolic response and AChE activity, as well as to analyze the oxidative parameters
(PC and TBARS) and enzymatic (GST) and nonenzymatic (GSH) antioxidants in silver
catfish after four hours of transport. Both extracts were effective in minimizing the effects of
transport stress in some fish species when added to the water during transportation (Cooke
etal. 2004, Inoue et al. 2005, Azambuja et al. 2011, Becker et al. 2012). A previous study

regarding the effect of these extracts on silver catfish transport analyzed ventilatory
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frequency, whole body ion fluxes, water quality parameters, blood pH, PvO,, PvCO, and

hematocrit (Becker et al. 2012), but not the parameters proposed in this study.

MATERIAL AND METHODS

EXPERIMENTAL PROCEDURE

Fish (301.2 £ 21.4 g; 28.9 + 1.3 cm) were transported in closed plastic bags with 7 L
of water and 8 L of pure oxygen, at a loading density of 169.2 g L™ for four hours, divided in
five treatments (in triplicate, n = 12 per group): control, 1.5 or 3.0 pL L™ EUG (99% purity,
Odontofarma®, Porto Alegre, Brazil, equivalent to 1.5 or 3.0 mg L™, respectively, because the
density of this extractive is about 1.06 ), and 10 or 20 uL L™ EOL (equivalent to 8 or 16 mg
L, respectively, because the density of this EO is about 0.80). This oil was extracted from
fresh leaves by hydrodistillation according to Cunha et al. (2010a). These extractive were
firstly diluted in ethanol (1:10). The concentrations used in this study cause only sedation in
silver catfish (Cunha et al. 2010a, b). The water parameters were measured before and after
transportation. Dissolved oxygen and temperature were measured with a YSI oxygen meter
(Model Y5512; YSI Inc., Yellow Springs, OH, USA). The pH was verified with a DMPH-2
pH meter (Digimed, S&o Paulo, SP, Brazil). Nesslerization verified total ammonia nitrogen
levels according to the method of Eaton et al. (2005). Un-ionized ammonia levels were
calculated according to Colt (2002). Water hardness was analyzed by the EDTA titrimetric
method. Alkalinity was determined according to Boyd and Tucker (1992). Carbon dioxide
(CO,) was calculated by the method of Wurts and Durborow (1992).

After transport, fish were euthanized by spinal cord section and tissues (brain, muscle

and liver) were carefully removed, placed on ice and then stored at -20 °C for one week until
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analysis of the biochemical parameters. The methodology of this experiment was approved by
the Ethical and Animal Welfare Committee of the Universidade Federal de Santa Maria

(Process n° 046/2010).

METABOLIC PARAMETERS

Liver and muscle were homogenized in a proportion of 50 mg mL* TCA
(trichloroacetic acid) 10%, using a Potter-Elvejhem homogenizer type. Afterwards, the
homogenates were centrifuged at 1,000 x g for 10 minutes and the supernatants were used for
the determination of the lactate levels according to Harrower and Brown (1972). Levels of
glycogen were estimated according to Dubois et al. (1956), after KOH and ethanol addition
for precipitation of glycogen of the tissues. Homogenate (0.08 mL) was used to estimate the

total protein level according to the method described by Lowry et al. (1951).

ACETYLCHOLINESTERASE ASSAY

AChE (E.C. 3.1.1.7) activity was measured using the method described by Ellman et
al. (1961). Brain and muscle tissues (30 mg) were weighted and homogenized in a Potter
Elvejhem glass/Teflon homogenizer with sodium phosphate buffer 50 mM pH 7.2 and Triton
X-100 1%. The homogenate was then centrifuged for 10 min at 3,000 x g at 5 °C and the
supernatant was used as enzyme source. Aliquots of supernatant of brain (50 pL) and muscle
(100 pL) were incubated at 30 °C for 2 min with a solution containing 0.1 M sodium
phosphate buffer pH 7.5 and 1 mM DTNB. After the incubation period, the reaction was

initiated by the addition of acetylthiocoline (0.5 mM). The final volume was 2.0 mL.
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Absorbance was measured by spectrophotometry (Femto Scan spectrophotometer 800 XI, Sdo

Paulo, Brazil) at 412 nm during 2 min.

OXIDATIVE PARAMETERS

The protein carbonyl (PC) levels in the liver were determined by the method described
by Yan et al. (1995), with some modifications. Hepatic tissue was homogenized in 10 volumes
(w/v) of 10 mM Tris—HCI buffer, pH 7.4, using a glass homogenizer. Soluble protein (1 mL)
was reacted with 10 mM DNPH in 2N hydrochloric acid (0.2 mL). After incubation at room
temperature for 1 h in the dark, 0.5 mL of denaturing buffer (150 mM sodium phosphate
buffer, pH 6.8, containing SDS 3.0%), 2.0 mL heptane (99.5%), and 2.0 mL of ethanol
(99.8%) were added sequentially, vortexed for 40 s, and centrifuged at 10,000 x g for 15 min.
Then, the protein isolated from the interface was washed two times by resuspension in
ethanol/ethyl acetate (1:1) and suspended in 1 mL of denaturing buffer. Each DNPH sample
was measured at 370 nm in a spectrophotometer against the corresponding sample (blank),
and total carbonylation was calculated using a molar extinction coefficient of 22,000 M cm™.

The oxidative damage to lipids can be estimated by a TBARS assay, performed by an
MDA reaction with 2-thiobarbituric acid (TBA), which was optically measured according to
Buege and Aust (1978). Aliquots of supernatants (0.25 mL) from liver 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 5,000 x g for 15 min, and

optical density was measured by spectrophotometer at 532 nm.
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PROTEIN DETERMINATION

The protein levels were spectrophotometrically estimated by the method of Bradford

(1976) using bovine serum albumin as standard.

ENZYMATIC AND NONENZYMATIC PARAMETERS

Glutathione -S- transferase (GST) activity in the liver was measured according to
Habig et al. (1974) using 1-chloro-2,4-dinitrobenzene (CDNB) (0.15 mL) as a substrate,
which was added to a mixture containing potassium phosphate buffer (20 mM, pH 6.5) (2.5
mL), reduced glutathione (10 mM) (0.3 mL) and homogenate (0.05 mL). The formation of S-
2,4-dinitrophenyl glutathione was monitored by the increase in absorbance at 340 nm against
blank (buffer and other reagents used to measure the enzyme activity in the absence of
sample). The extinction coefficient used for CDNB was 9.6 mM cm ™.

Reduced glutathione (GSH) content in the liver was indirectly determined by the
colorimetric method of Ellman (1959). An aliquot of the hepatic supernatant (1.0 mL) was
mixed with 1.0 mL 10% trichloroacetic acid followed by centrifugation. Supernatants (0.25
mL) were used for determination with 5,5’-dithio-bis(2-nitrobenzoic acid) 10 mM (DTNB)
(0.05 mL) and phosphate buffer 0.5 mM (pH 6.8) (0.7 mL). The optical density of the reaction

product was read at 412 nm on a spectrophotometer.

STATISTICAL ANALYSIS

All data are represented as mean £ SEM. Homogeneity of variances was tested with

Levene test. Data that presented homogeneous variances were compared by one-way ANOVA
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and Tukey test. Nonparametric data were analyzed by Kruskal-Wallis and comparisons of
mean ranks. Analyses were performed using the software Statistica version 7.0 (StatSoft,

Tulsa, OK), and the minimum significance level was set at P<0.05.

RESULTS

No mortality was observed in in this experiment after four hours of transport. After
transport, the highest dissolved oxygen levels (7.63 + 0.46 and 7.77 + 0.52 mg L™) and lowest
CO, levels (40.51 + 1.09 and 49.63 + 1.06 mg L™) were found in the control and in the 10 pL
L of EO L. alba treatment, respectively. Total alkalinity (26.5 + 1.0 mg CaCO; L™), pH (5.8
+0.1), hardness (30.3 + 1.8 mg CaCO; L™) and NHs (0.0013 + 0.0002 mg N L) levels in the
water did not exhibit any significant differences among the treatments at the end of transport.
In addition, the total ammonia nitrogen levels were significantly highest in the control (5.3 +
0.2 mg N L™) compared with the other groups (4.4 + 0.2 mg N L™).

Glycogen and lactate levels in the liver and muscle were significantly lower in all
groups transported with EUG and EOL at the end of transport. The total protein values were
significantly higher in both tissues of fish transported with EUG when compared to the
control group. Furthermore, with EOL, a significant increase of this parameter was observed
only in the muscle of fish transported with 20 uL L™ EOL (Table 1). Brain AChE activity was
significantly lower in fish transported with all tested concentrations of EUG and EOL. This
activity was also significantly lower in the muscle of fish transported with 1.5 pL L™ EUG
than in control fish (Figure 1).

In the liver, PC (Figure 2 A) and TBARS (Figure 2 B) levels were significantly higher
and lower, respectively, in fish transported with EUG and EOL than in control fish. Hepatic

GSH levels were significantly higher in silver catfish transported with both anesthetics, but
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the strongest effect was observed in those transported with 20 uL L™ EOL (Figure 3 A). Fish
transported with both EUG concentrations presented lower GST activity when compared to

the control group (Figure 3 B).

DISCUSSION

In aquaculture practices there are many instances where light sedation is sufficient and
in fact desirable over deeper sedation, especially for the transport of fish. For example,
largemouth bass, Micropterus salmoides, lightly sedated with clove oil exhibited reduced
activity and interaction with conspecifics during transportation, but were able to maintain
equilibrium, swimming capacity, and avoid physical damage resulting from collision with the
tank walls (Cooke et al. 2004). In fact, concentrations of EUG and EOL that sedate or calm
silver catfish (Cunha et al. 2010a, b) are sufficient to improve some physiological indicators
during transportation (Azambuja et al. 2011, Becker et al. 2012).

In response to stressors, disturbance in metabolic processes can occur (lwama et al.
2004, Pankhurst 2011). Silver catfish transported with EUG and EOL have shown lower
glycogen levels in both liver and muscle. Decreased glycogen reserves are usually associated
with exhaustive activities (Inoue et al. 2005). In silver catfish transported with EUG and EOL,
presumably a higher amount of glycogen was broken down by glycogenolysis and was
responsible for supplying energy up to transport.

Lactate is the end product of glucose anaerobic metabolism and increased levels are
observed in hypoxia conditions (Omlin and Weber 2010). In the current study, the addition of
EUG and EOL to the water avoided the increase of lactate levels in silver catfish tissues,
suggesting the reduction of anaerobic metabolism, common in exhaust physiological

conditions or when no oxygen is available for the aerobic metabolism (Iversen et al. 2003).



32

Matrinxa, Brycon amazonicus, also presented lower lactate levels after handling when
anesthetized with benzocaine or 2-phenoxyethanol (Inoue et al. 2004), or transported with
clove oil added to water (Inoue et al. 2005). The results suggest that the addition of EUG and
EOL improve the availability of oxygen to tissues, contributing to ameliorate the
physiological condition of fish during transport.

Stress negatively affects the protein metabolism, inhibiting the synthesis and
stimulating protein catabolism (Mommsen et al. 1999). The addition of EUG and EOL to
water transportation of silver catfish had a protective role against protein catabolism. Higher
levels of total protein indicate that the carbohydrate metabolism was sufficient to meet the
demand of energy, favoring the use of proteins for other vital functions.

The addition of EUG and EOL in the water of transport decreased AChE activity in
brain of silver catfish. This effect of EOL was expected because of the main compound of this
chemotype is linalool (Vale et al. 1999, 2002), and this compound inhibits AChE (see Blenau
et al. 2012). The activity of this enzyme was lower in rat brain anesthetized with ketamine
(Mazzanti et al. 1986) and in hippocampus and midbrain of guinea pigs after anesthesia with
halothane (Lintern et al. 2000).

Protein carbonyl content is actually the most commonly used marker of protein
oxidation. The carbonyl groups can be introduced in proteins by different pathways, including
secondary mechanisms as a result of reactions of ROS with lipids, carbohydrates and nucleic
acids (Almroth et al. 2005). In this study, silver catfish transported with EUG and EOL
showed higher PC content than control fish. These results are unexpected because another
indicator of oxidative damage (TBARS) remained lower, indicating the absence of lipid
peroxidation. So, the addition of EUG and EOL to the transport water protected against
oxidative damage of lipids, since TBARS levels were lower in the liver of silver catfish

transported with both compounds than those transported without any substance added to
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water. In a similar study, TBARS levels were lower in the liver of silver catfish transported
for 6 h with EOL added to water when compared to those transported without EOL
(Azambuja et al. 2011). The attenuation of oxidative damage may also have been favored by
the efficiency of the antioxidant defense system.

In a stress condition, components of an antioxidant defense system can be increased,
inhibited, or unaltered depending on the intensity and the duration of the stress applied, as
well as the susceptibility of the exposed species (Winston and Di Giulio 1991, Ballesteros et
al. 2009, Kavitha and Rao 2009). Activity of GST was lower in the liver of silver catfish
transported with EUG, while the addition of EOL to the water of transport did not change
enzymatic activity. In both cases, the higher GSH content in the liver of fish after transport
with EUG and EOL added to water seems to have contributed to prevent damage to lipids.
Other authors suggest that the increase of GSH levels attenuates the oxidative stress (Ungvari

et al. 2009, Yonar 2012).

CONCLUSION

The addition of EUG and EOL to the transport water of silver catfish improved the
oxidative status, evidenced mainly by lower TBARS and higher GSH levels. Aerobic
metabolism of carbohydrates was sufficient to meet the energy demand, indicating that (1) the
tissues received a sufficient supply of oxygen; (2) anaerobic metabolism was reduced; (3)
there was no protein catabolism. The addition of the tested concentrations of EUG and EOL in
the water would be advisable for transportation of this species. However, neither clove oil nor
any individual active ingredient of clove oil (including eugenol) should be used as an
anesthetic in fish according to the United States Department of Health and Human Services

Food and Drug Administration (U.S. FDA) because the National Toxicology Program studies
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determined that EUG is an equivocal carcinogen to rodents (U.S. FDA, 2007). On the other
hand, L. alba is a popular plant that is considered useful against several illness, and no
significant toxicity was reported (Hennebelle et al. 2008). Therefore, only EOL seems to be a

promising anesthetic/sedative recommended for fish transport.
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RESUMO

Anestésicos podem ser uma alternativa para evitar ou atenuar os efeitos deletérios do estresse
decorrente do transporte. Este estudo investigou os efeitos do eugenol (1,5 ou 3,0 pL L™) e do
6leo essencial de Lippia alba (10 ou 20 pL L™) adicionados & agua para o transporte, sobre
alguns pardmetros metabolicos e oxidativos no figado e no musculo, e acetilcolinesterase
(AChE) no cerebro e musculo do jundia, submetido ao transporte, durante quatro horas. As
concentracdes de eugenol e Lippia alba estudadas seriam aconselhaveis para o transporte de

jundid, ja que ambos os extrativos melhoraram alguns parametros oxidativos (glutationa -
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GSH e niveis de substancias reativas ao acido tiobarbitarico - TBARS) e alguns parametros
metabolicos (niveis de proteina total). No entanto, como o eugenol ndo é recomendado pelo
United States Department of Health and Human Services Food and Drug Administration (U.S.
FDA) como anestésico para peixes, apenas a Lippia alba parece ser um anestésico / sedativo
promissor recomendado para o transporte de peixe.

Palavras-chave: acetilcolinesterase, estresse, metabolismo, sedativos, transporte de peixes.

REFERENCES

ALMROTH BC, STURVE J, BERGLUND A AND FORLIN L. 2005. Oxidative damage in
eel pout (Zoarces viviparus), measured as protein carbonyls and TBARS, as biomarkers.
Aquat Toxicol 73:171-180.

AZAMBUJA CR, MATTIAZZ1 J, RIFFEL APK, FINAMOR IA, GARCIA LO, HELDWEIN
CG, HEINZMANN BM, BALDISSEROTTO B, PAVANATO MA AND LLESUY SF.
2011. Effect of the essential oil of Lippia alba on oxidative stress parameters in silver
catfish (Rhamdia quelen) subjected to transport. Aquaculture 319:156-161.

BALDISSEROTTO B. 2009. Piscicultura continental no Rio Grande do Sul: situacéo atual,
problemas e perspectivas para o futuro. Cienc Rural 39:291-299.

BALLESTEROS ML, WUNDERLIN DA AND BISTONI MA. 2009. Oxidative stress
responses in different organs of Jenynsia multidentata exposed to endosulfan. Ecotox
Environ Safe 72:199-205.

BARBOSA, LG, MORAES G AND INOUE LAKA. 2007. Respostas metabdlicas do

matrinxa submetido a banhos anestésicos de eugenol. Acta Sci Biol Sci 29:255-260.



36

BECKER AG, PARODI TV, HELDWEIN CG, ZEPPENFELD CC, HEINZMANN BM AND
BALDISSEROTTO B. 2012. Transportation of silver catfish, Rhamdia quelen, in water
with eugenol and the essential oil of Lippia alba. Fish Physiol Biochem 38:789-796.

BLENAU W, RADEMACHER E AND BAUMANN A. 2012. Plant essential oils and
formamidines as insecticides/ acaricides: what are the molecular targets? Apidologie
43:334-347.

BOYD CE AND TUCKER CS. 1992. Water quality and pond soil analyses for aquaculture.
Alabama Agricultural Experiment Station, Auburn University, Alabama.

BRADFORD MM. 1976. A rapid and sensitive method for the quantification of microgram
quantities of protein utilizing the principle of protein—dye binding. Anal Biochem
72:248-254.

BUEGE JA AND AUST SD. 1978. Microssomal lipid peroxidation. Methods Enzymology
52:302-309.

COLT J. 2002. List of spreadsheets prepared as a complement (Available in
http://www.fisheries.org/afs/hatchery.html). In: Wedemeyer GA (Ed) Fish hatchery
management, 2" ed. Amer Fish Soc Pub.

COOKE SJ, SUSKI CD, OSTRAND KG, TUFTS BL AND WAHL DH. 2004. Behavioral
and physiological assessment of low concentrations of clove oil anaesthetic for handling
and transporting largemouth bass (Micropterus salmoides). Aquaculture 239:509-529.

CUNHA MA, BARROS FMC, GARCIA LO, VEECK APL, HEINZMANN BM, LORO VL,
EMANUELLI T AND BALDISSEROTTO B. 2010a. Essential oil of Lippia alba: a
new anesthetic for silver catfish, Rhamdia quelen. Aquaculture 306:403-406.

CUNHA MA, ZEPPENFELD CC, GARCIA LO, LORO VL, FONSECA MB, EMANUELLI

T, VEECK APL, COPATTI CE AND BALDISSEROTTO B. 2010b. Anesthesia of


http://www.fisheries.org/afs/hatchery.html

37

silver catfish with eugenol: time of induction, cortisol response and sensory analysis of
fillet. Cienc Rural 40:2107-2114.

CUNHA MA, SILVA BF, DELUNARDO FAC, BENOVIT SC, GOMES LC, HEINZMANN
BM AND BALDISSEROTTO B. 2011. Anesthetic induction and recovery of
Hippocampus reidi exposed to the essential oil of Lippia alba. Neotrop Ichthyol 9: 683-
688.

DUBOIS MG, GILLES KA, HAMILTON JK, REBERS PA AND SMITH F. 1956.
Colorimetric method for determination of sugars and related substances. Anal Chem
28:350-358.

EATON A D, CLESCERI LS, RICE EW, GREENBERG AE. 2005. Standard methods for the
examination of water and wastewater, 21° ed. Amer Public Health Assn, USA.

ELLMAN GL. 1959. Tissue sulfhydryl groups. Arch Biochem 82:70-77.

ELLMAN GL, COURTNEY KD, ANDRES VJR AND FEATHERSTONE RM. 1961. A new
and rapid colorimetric determination of acetylcholinesterase activity. Biochem
Pharmacol 7:88-95.

GOLOMBIESKI JI, SILVA LVF, BALDISSEROTTO B AND SILVA JHS. 2003. Transport of
silver catfish (Rhamdia quelen) fingerlings at different times, load densities, and
temperatures. Aquaculture 216:95-102.

GOMES LC, ARAUJO-LIMA CARM, CHIPPARI-GOMES AR AND ROUBACH R. 2006.
Transportation of juvenile tambaqui (Colossoma macropomum) in a closed system. Braz
J Biol 66:493-502.

GONCALVES AFN, SANTOS ECC, FERNANDES JBK AND TAKAHASHI LS. 2008.
Mentol e eugenol como substitutos da benzocaina na inducdo anestésica de juvenis de

pacu. Acta Sci Biol Sci 30:339-344.



38

HABIG WH, PABST MJ AND JAKOBY WB. 1974. Glutathione S-transferases. The first
enzymatic step in mercapturic acid formation. J Biol Chem 249:7130-71309.

HALLIWELL B AND GUTTERIDGE JMC. 1999. Free Radicals in Biology and Medicine.
Oxford University Press, Oxford.

HARROWER JR AND BROWN CH. 1972. Blood lactic acid. A micromethod adapted to
field collection of microliter samples. J Appl Physiol 32:709-711.

HENNEBELLE T, SAHPAZ S, JOSEPH H AND BAILLEUL F. 2008. Ethnopharmacology of
Lippia alba. J Ethnopharmacol 116: 211-222.

HERMES-LIMA M AND ZENTENO-SAVIN T. 2002. Animal response to drastic changes in
oxygen availability and physiological oxidative stress. Comp Biochem Physiol C
133:537-556.

HUDETZ AG, WOOD JD AND KAMPINE JP. 2003. Cholinergic reversal of isoflurane
anesthesia in  rats as measured by cross-approximate entropy of the
electroencephalogram. Anesthesiology 99:1125-1131.

INOUE LAKA, HACKBARTH A AND MORAES G. 2004. Avaliacdo dos anestesicos 2-
phenoxyethanol e benzocaina no manejo do matrinxd (Brycon cephalus).
Biodiversidade Pampeana 2:10-15.

INOUE LAKA, AFONSO LAB, IWANA GK AND MORAES G. 2005. Effects of clove oil
on the stress response of matrinxa (Brycon cephalus) subjected to transport. Acta Amaz
35:289-295.

IVERSEN M, FINSTAD B, MCKINLEY RS AND ELIASSEN RA. 2003. The efficacy of

S™ and Benzoak® as anesthetics in Atlantic salmon (Salmo

metomidate, clove oil, Aqui-
salar L.) smolts, and their potential stress-reducing capacity. Aquaculture 221:549-566.
IWAMA GK, AFONSO LOB, TODGHAM A, ACKERMAN P AND NAKANO K. 2004. Are

hsps suitable for indicating stressed states in fish? J Exp Biol 207:15-109.



39

KAVITHA P AND RAO JV. 2009. Sub-lethal effects of profenofos on tissue-specific
antioxidative responses in a euryhyaline fish, Oreochromis mossambicus. Ecotoxicol
Environ Saf 72:1727-1733.

LEUNG LS, PETROPOULOS S, SHEN B, LUO T, HERRICK I, RAJAKUMAR N AND
MA J. 2011. Lesion of cholinergic neurons in nucleus basalis enhances response to
general anesthetics. Expe Neurol 228:259-269.

LINTERN MC, WETHERELL JR AND SMITH ME. 2000. Effect of halothane
administration on acetylcholinesterase activity in guinea-pig muscle and brain. Neurosci
Lett 284:101-104.

LOWRY OH, ROSEBROUGH NJ, FARR AL AND RANDALL RJ. 1951. Protein
measurement with the folin phenol reagent. J Biol Chem 193:265-275.

MAZZANTI L, PASTUSZKO A AND LENAZ G. 1986. Effects of ketamine anesthesia on
rat-brain membranes: fluidity changes and kinetics of acetylcholinesterase. Biochim
Biophys Acta 861:105-110.

MOMMSEN TP, VIJAYAN MM AND MOON TW. 1999. Cortisol in teleosts: dynamics,
mechanisms of action, and metabolic regulation. Rev Fish Biol Fisher 9:211-268.

OMLIN T AND WEBER JM. 2010. Hypoxia stimulates lactate disposal in rainbow trout. J
Exp Biol 213:3802-3809.

PANKHURST NW. 2011. The endocrinology of stress in fish: an environmental perspective.
Gen Comp Endocr 170:265-275.

PARODI TV ET AL. 2012. The anesthetic efficacy of eugenol and the essential oils of Lippia
alba and Aloysia triphylla in post-larvae and sub-adults of Litopenaeus vannamei

(Crustacea, Penaeidae). Comp Biochem Physiol 155:462-468.

ROSS LG AND ROSS B. 2008. Anaesthetic and sedative techniques for aquatic animals. 3

ed. Blackwell Science, Oxford.


http://www.sciencedirect.com/science/journal/00052736
http://www.sciencedirect.com/science/journal/00052736

40

ROUBACH R, GOMES LC, FONSECA FAL AND VAL AL. 2005. Eugenol as an efficacious
anaesthetic for tambaqui, Colossoma macropomum (Cuvier). Aquac Res 36:1056-1061.

UNGVARI Z, LABINSKYY N, MUKHOPADHYAY P, PINTO JT, BAGI Z, BALLABH P,
ZHANG C, PACHER P AND CSISZAR A. 2009. Resveratrol attenuates mitochondrial
oxidative stress in coronary arterial endothelial cells. Am J Physiol-Heart Circ Physiol
297:1876-1881.

UNITED STATES DEPARTMENT OF HEALTH AND HUMAN SERVICES FOOD AND
DRUG ADMINISTRATION CENTER FOR VETERINARY MEDICINE (U.S. FDA).
2007. Available in www.fda.gov/downloads/.../ucm052520.pdf

VALE TG, MATOS FJ, LIMA TC AND VIANA GS. 1999. Behavioral effects of sential oils
from Lippia alba (Mill.) N.E. Brown chemotypes. J Ethnopharmacol 67:127-133.

VALE TG, FURTADO EC, SANTOS JGJR AND VIANA GS. 2002. Central effects of
citral, myrcene and limonene, constituents of essential oil chemotypes from Lippia alba
(Mill.) N.E. Brown. Phytomedicine 9:709-714.

WILHELM FILHO D. 2007. Reactive oxygen species, antioxidants and fish mitochondria.
Front Biosci 12:1229-1237.

WINSTON GW AND DI GIULIO RT. 1991. Prooxidant and antioxidant mechanisms in
aquatic organisms. Aquat Toxicol 19:137-161.

WURTS WA AND DURBOROW RM. 1992. Interactions of pH, carbon dioxide, alkalinity
and hardness in fish ponds, vol 464. SRAC Publication, pp. 1-4.

YAN LJ, TRABER MG AND PACKER L. 1995. Spectrophotometric method for
determination of carbonyls in oxidatively modified apolipoprotein B of human low-

density lipoproteins. Anal Biochem 228:349-351.



41

YONAR ME. 2012. The effect of lycopene on oxytetracycline-induced oxidative stress and
immunosuppression in rainbow trout (Oncorhynchus mykiss, W.). Fish Shellfish
Immunol 32:994-1001.

ZAHL IH, KIESSLING A, SAMUELSEN OB AND OLSEN RE. 2010. Anesthesia induces
stress in Atlantic salmon (Salmo salar), Atlantic cod (Gadus morhua) and Atlantic

halibut (Hippoglossus hippoglossus). Fish Physiol Biochem 36:719-730.



TABLE 1

42

Metabolites in tissues of silver catfish, Rhamdia quelen, after transport (four hours) with eugenol (EUG) or essential oil of Lippia alba (EOL) added to the

water. Values are expressed as mean + SEM (n = 12 per group). Different letters in the rows indicate significant difference between treatments (P < 0.05).

Glycogen and lactate were expressed in umol g tissue™. Protein was expressed in mg protein g tissue™.

Tissues Treatments
Metabolites Control EUG (15puL L™ EUG (3.0pL L™ EOL (10 pL LY EOL (20 uL LY
Liver
Glycogen  30.61 + 1.59° 16.76 £ 0.92° 14.87 £ 0.79" 15.22 +0.30° 14.80 + 0.58°
Lactate  17.84 +0.30° 12.24 +0.36° 7.27 +0.18° 6.51 + 0.22° 6.64 £ 0.16°
Protein  186.25 + 7.07° 252.05 +9.07" 319.00 + 4.22° 195.12 + 8.50° 199.25 +8.11°
Muscle
Glycogen 7.24 +0.13° 427 +0.15° 3.86 + 0.08" 3.54+0.12° 3.61+0.04°
Lactate 21.50 £ 0.31° 17.35+0.23° 15.74 + 0.20° 17.31 £ 0.25" 15.86 + 0.36°
Protein 85.37 £ 4.22° 139.50 + 3.85° 151.00 + 1.86% 90.44 + 4.01° 153.62 £ 2.76°




43

FIGURE CAPTIONS

FIGURE 1. Brain and muscle AChE activity of silver catfish, Rhamdia quelen, after four
hours of transportation using eugenol (EUG) and essential oil of Lippia alba (EOL) added to
the water. Values are represented as mean £ SEM (n = 12 per group). Different letters indicate

significant differences between groups for the same tissue (P < 0.05).

FIGURE 2. Protein carbonyl (PC) (A) and TBARS levels (B) in the liver of silver catfish,
Rhamdia quelen, after four hours of transportation using eugenol (EUG) and essential oil of
Lippia alba (EOL) added to the water. Values are represented as mean =+ SEM (n = 12 per
group). Different letters indicate significant differences between groups for the same tissue (P

< 0.05).

FIGURE 3. Reduced glutathione (GSH) (A) levels and glutathione-S-transferase (GST) (B)
activity in the liver of silver catfish, Rhamdia quelen, after four hours of transportation using
eugenol (EUG) and essential oil of Lippia alba (EOL) added to the water. Values are
represented as mean + SEM (n = 12 per group). Different letters indicate significant

differences between groups for the same tissue (P < 0.05).
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2.2 MANUSCRITO 2 — The essential oil from Lippia alba induces oxidative stress in the

silver catfish (Rhamdia quelen) after transportation
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This study investigated the effects of the essential oil (EO) from Lippia alba on whole brain
enzymes and biochemical parameters related to oxidative stress in the liver of silver catfish
(Rhamdia quelen) after six hours of transport. Fish were transported in plastic bags and
divided into three treatments groups: control, 30 pL L™ EO from L.alba and 40 pL L™* EO
from L. alba. Prior to transport, the fish were treated with the EO from L. alba (200 pL L™
for three minutes), except for the control group. Fish transported in bags containing the EO
did not have any alterations in acetylcholinesterase, ecto-nucleoside triphosphate
diphosphohydrolase and 5'-nucleotidase activity in the brain or superoxide dismutase activity
in the liver. The hepatic catalase (CAT), glutathione-S-transferase GST, glutathione
peroxidase (GPx), nonprotein thiol and ascorbic acid levels were significantly lower
compared to the control group. However, the hepatic thiobarbituric acid-reactive substances,
protein oxidation levels and the lipid peroxidation/catalase+glutathione peroxidase
(LPO/CAT+GPX) ratio were significantly higher in fish transported with both concentrations
of the EQ, indicating oxidative stress in the liver. In conclusion, considering the hepatic
oxidative stress parameters analyzed in the present experiment, the transport of previously
sedated silver catfish in water containing 30 or 40 pL L™ of EO from L. alba is less effective

than the use of lower concentrations.

Este estudo investigou os efeitos do 0leo essencial (OE) de Lippia alba sobre enzimas do
encéfalo e parametros bioguimicos relacionados ao estresse oxidativo em figado de jundia
(Rhamdia quelen), apds seis horas de transporte. Os peixes foram transportados em sacos
plésticos e divididos em trés tratamentos: controle, 30 uL L™ ou 40 mL L™ de OE de L.alba.
Antes do transporte, os peixes foram tratados com o OE de L. alba (200 pL L™ por trés
minutos), exceto para o grupo controle. Os peixes transportados em sacos contendo o OE nédo

tiveram alteracdes na atividade da acetilcolinesterase (AChE), ecto-nucleosideo trifosfato
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difosfohidrolase (NTPDase) e 5'-nucleotidase, em cérebro ou superoxido dismutase (SOD) no
figado. O tiol ndo proteico (NPSH), os niveis de &cido ascorbico, catalase (CAT), glutationa-
S-transferase GST e glutationa-peroxidase (GPx) hepaticos, foram significativamente mais
baixos em comparagdo com o grupo controle. No entanto, as substancias reativas ao acido
tiobarbitarico (TBARS), os niveis de oxidacao proteica e a taxa de peroxidacéo
lipidica/catalase+glutationa peroxidase (LPO/CAT+GPx) foram significativamente maiores
nos peixes transportados com ambas as concentra¢des de OE, indicando estresse oxidativo no
figado. Em concluséo, considerando os parametros de estresse oxidativo do figado analisados
no presente experimento, o transporte de jundias previamente sedados em agua contendo 30
ou 40 pL L™ de OE de L.alba é menos efetivo que utilizando concentracdes menores.
Keywords: Anesthetics; Antioxidant defenses; Fish transport; Biochemical parameters;

Oxidative stress.

Introduction

The transportation of fish in Brazil involves the use of plastic bags. This system has
limitations, such as a finite oxygen supply and the build-up of ammonia and carbon dioxide
levels (Golombieski et al., 2003; Carneiro et al., 2009; Becker et al., 2012). Generally, fish
farmers add pure oxygen to the plastic bags prior to transport, which can cause variations in
the dissolved oxygen levels, depress the metabolic rate and provoke blood flow rearrangement
and effective methods of energy production (Nilsson and Renshaw, 2004).

The neurotransmitter acetylcholinesterase (AChE) is an important regulatory enzyme,
which hydrolyses acetylcholine, a neurotransmitter with important role in the regulation of
cognitive functions, mainly found in the brain, muscles, erythrocytes and cholinergic neurons.

AChE besides cholinergic transmission is related to several non-cholinergic actions such as
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responses to stress situations. Stress can increase due to free radicals which impair enzyme
function (Gutierres et al., 2012, 2014) and lead to disorders in locomotion (Blenau et al.,
2012) and fish erratic swimming (Salbego et al., 2010).

Adenosine triphosphate (ATP), is the primary intracellular energy source is which is
also one of the most important neurotransmitters in the purinergic system and is responsible
for modulating signaling and biosynthetic processes, including vascular homeostasis, cell size
maintenance, neuronal signaling, immune function, and protein and lipid modifications
(Marcus et al., 2003; Tort, 2011). The enzyme ecto-nucleoside triphosphate
diphosphohydrolase (NTPDase) hydrolyzes ATP and adenosine diphosphate (ADP) to
adenosine monophosphate (AMP). The resulting AMP is subsequently hydrolyzed to
adenosine by 5'-nucleotidase (Stefan et al., 2005; Colgan et al., 2006; Schmatz et al., 2009).

Exposure to hyperoxic, anoxic or hypoxic environments may result in oxidative
changes because oxygen consumption contributes to the levels of reactive oxygen species
(ROS) generated and the antioxidant status of the cells (Wilhelm-Filho et al., 2001, 2002;
Lushchak et al., 2001, 2005; Azambuja et al., 2011). The oxidative metabolism of cells is a
continuous source of ROS (resulting from the univalent reduction of O,) that can damage
most cellular components such as carbohydrates, lipids and proteins as well as promoting cell
death (Ahmad et al., 2000; Morales et al., 2004). To protect themselves from these highly
reactive intermediates, living organisms possess a biochemical defense system consisting of
enzymatic and non-enzymatic antioxidants that scavenge any reactive species. However, in
several situations, the rate of ROS generation exceeds that of their removal, resulting in
oxidative stress (Halliwell and Gutteridge, 2000; Livingstone, 2001). The most important
antioxidant enzymes are superoxide dismutase (SOD), which detoxifies O,"; catalase (CAT),
which reduces H,O,; glutathione peroxidase (GPx), which reduces both H,O, and organic

peroxides by a glutathione-dependent reaction and glutathione reductase (GR),which
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catalyzes the NADPH-dependent regeneration of glutathione (a nonprotein thiol [NPSH])
from the oxidized form (GSSG) generated by GPx (Halliwell and Gutteridge, 2000).

Variations in the water parameters, such as ammonia and carbon dioxide levels, can
provoke stress that could be minimized, at least in some species, through the addition of either
sedatives or anesthetics in the transport water (Azambuja et al., 2011; Cunha et al., 2011;
Becker et al., 2012). The essential oil (EO) from Lippia alba (Mill.) N.E. Brown
(Verbenaceae) is a novel anesthetic whose action has been established for the silver catfish
Rhamdia quelen (Cunha et al., 2010; Heldwein et al., 2012), and the slender seahorse
Hippocampus reidi (Cunha et al., 2011).When this oil was added to the transport water, the
redox state (Azambuja et al., 2011) and ionoregulation (Becker et al., 2012) were improved,
and lipid oxidation was delayed in the fillets of silver catfish (Veeck et al., 2013). However,
an increased ventilation rate was observed during the 30 min of transport (Becker et al.,
2012).

Increases in the plasma cortisol and glucose levels are classics indicators of stress
responses (lwama et al., 2004; Urbinati and Carneiro, 2004; Tort, 2011). However, other
biochemical parameters, such as enzymatic activities, are also important to understand stress
at the cellular level (Lushchak et al., 2001, 2005). In this context, the purpose of this study
was to investigate if a rapid pre-transport sedation and transport with the EO from L. alba
could change enzymes related to purinergic neurotransmitters in the whole brain (AChE,
NTPDase and 5'-nucleotidase activities) and improve enzymatic parameters (SOD, CAT, GST
and GPx) that act by inactivating free radicals, in the liver. Furthermore, this study also
measured non-enzymatic parameters that can repair damage caused by oxidative stress (NPSH
and ascorbic acid), changes in pro-oxidant parameters, such as thiobarbituric acid-reactive
substance (TBARS) levels and protein oxidation resulting from damage to lipids and proteins

respectively, in the liver of Rhamdia quelen after transport.
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Material and Methods

Essential oil extraction. L. alba was cultivated in S&o Luiz Gonzaga, Rio Grande do Sul
State, Brazil. The plant material was identified by botanist Dr. Gilberto Dolejal Zanetti,
Department of Industrial Pharmacy, Universidade Federal de Santa Maria (UFSM), and a
voucher specimen (SMDB No. 10050) was deposited in the herbarium of the Department of
Biology, UFSM.

Essential oil (EO) was obtained from the fresh leaves of the plant by steam distillation
for 2 h using a Clevenger-type apparatus. In this method, the distillate is collected and the
aqueous phase is automatically reused by returning it to the distillation flask (European

Pharmacopoeia, 2007). The EO samples were stored at -4°C in amber glass bottles.

Experimental procedure. Silver catfish (mean weight + SEM 420.1 £ 8.8 g; mean length +
SEM 21.2 £ 2.3 cm) were captured from a cage net at a fish farm. Fish did not go through a
depuration period because this procedure, despite its recommendation (Amend et al., 1982), is
not implemented by most fish producers in southern Brazil (Golombieski et al., 2003). Fish
were transported at a loading density of 275.1 g L™ for six hours in nine plastic bags with 7 L
of water and 8 L of pure oxygen, and they were divided into three treatment groups (three
replicates each, n= 12 per group) that were treated with different concentrations of EO from L.
alba: control, 30 pL L™ and 40 uL L™ of EO from L. alba (equivalent to 24 or 32 mg L™,
respectively, because the density of this EO is about 0.80 g mL™) diluted 1:10 in ethanol. Fish
that were transported with either of the EO treatments were rapidly sedated with a higher
concentration of the same EO (200 pL L™) for three minutes before placing them into the
plastic bags. This concentration induces sedation within the time proposed (Cunha et al.,

2010). Control fish were placed directly into the plastic bags. The transport time and
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concentrations of EO from L. alba were chosen according to Becker et al. (2012) and were
within a sedative safe range for silver catfish (Cunha et al., 2010). The loading density was
chosen according to Carneiro et al. (2009).

Water parameters were monitored before and after transport, with the values (mean +
SEM) at the end of transport as follows: dissolved oxygen (8.29 + 0.98 mg L™), carbon
dioxide (58.13 + 2.51 mg L™), alkalinity (30.89 + 2.09 mg CaCOs L™), water hardness (22.78
+1.64 mg CaCO; L), pH (6.07+ 0.07), temperature (26.33 + 0.81 °C), total ammonia
nitrogen (3.21 + 0.16 mg L) and un-ionized ammonia (0.0023 + 0.0002 mg L™). Dissolved
oxygen and temperature were measured with an YSI oxygen meter. The pH was verified with
a DMPH-2 pH meter. Nesslerization was used to verify the total ammonia nitrogen levels
using the method of Eaton et al. (2005). Un-ionized ammonia levels were calculated
according to Colt (2002). Water hardness was analyzed by the EDTA titrimetric method.
Alkalinity was determined according to Boyd and Tucker (1992). Carbon dioxide was
calculated by the method of Wurts and Durborow (1992).

After transport, all of the fish were euthanized by spinal cord section, and whole brain
and liver tissues were carefully removed and frozen to posterior analysis of biochemical

parameters.

Enzymatic assays in the brain

Acetylcholinesterase (AChE; E.C. 3.1.1.7). Brain was homogenized with 150 mM NaCl. The
homogenate was centrifuged for 15 min at 3000 g at 5 °C, and the supernatant was used as the
enzyme source. AChE activity was measured as described by Ellman et al. (1961).

NTPDase (ecto-apyrase, ecto/CD39; E.C. 3.6.1.5). Enzymatic assay of the whole brain was

carried out in a reaction medium containing 5 mM KCI, 1.5 mM CaCl,, 0.1 mM EDTA, 10
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mM glucose, 225 mM sucrose and 45 mM Tris—HCI buffer (pH 8.0) in a final volume of 200
uL, as described by Schetinger et al. (2000).

5’-nucleotidase (CD73; E.C. 3.1.3.5). Activity was determined by the method of Heymann et
al. (1984) in a reaction medium containing 10 mM MgSO, and 100 mM Tris—HCI buffer (pH
7.5) in a final volume of 200 pL. The tubes were then chilled on ice for 10 min, and the

released inorganic phosphates (Pi) were assayed by the method of Chan et al. (1986).

Enzymatic antioxidant activity in the liver

Superoxide dismutase (SOD; E.C. 1.15.1.1). Activity was determined as the inhibition rate of
autocatalytic adenochrome generation at 480 nm in a reaction medium containing 1 mM
epinephrine (0.017 mL) and 50 mM glycine-NaOH (pH 10.5) (1 mL). A unit of SOD is
defined as the amount of enzyme that inhibits the speed of detector (epinephrine) reduction by
50%. Enzyme activity was expressed in units mg protein* using the method described by
Misra and Fridovich (1972).

Catalase (CAT; E.C. 1.11.1.6). Activity was assayed by ultraviolet spectrophotometry. Change
of H,O, absorbance after 60 s was measured at 240 nm. Catalase activity was calculated and
expressed in umol min~* mg protein* using the method described by Nelson and Kiesow
(1972).

Glutathione -S-transferase (GST). Activity was measured based on the method described by
Habig et al. (1974) using 1-chloro-2,4-dinitrobenzene (CDNB) (0.15 mL) as a substrate. The
extinction coefficient used for CDNB was 9.6 mM cm*, and the activity was expressed as
umol GS-DNB min* mg protein™*.

Glutathione peroxidase (GPx; EC 1.11.1.9). The enzyme activity was measured according to
Paglia and Valentine (1967). The assay solution contained 100 mM potassium phosphate

buffer (pH 7.0) 1 mM GSH, 0.15 mM NADPH, 0.1 U mL™ glutathione reductase, 100 mM
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azide and a suitable sample of enzyme solution. Enzyme activity was determined at 37 °C by
measuring the depletion of NADPH at 340 nm and expressed as pmol NADPH min™ mg

protein™.

Nonenzymatic antioxidants in the liver

Non-protein thiol groups (NPSH). NPSH levels were determined by the method of Ellman
(1959) with 0.05 mL of 10 mM 5, 5'-dithio-bis (2-nitrobenzoic acid) (DTNB) and 0.7 mL of
0.5 mM phosphate buffer (pH 6.8) added to 0.25 mL of supernatant. The results were
expressed as pmol non-protein thiols g tissue .

Ascorbic acid content (AsA). It was determined by the method of Roe (1954). To measure the
ascorbic acid levels, an aliquot of the supernatant was mixed with 2,4-dinitrophenylhydrazine
(4.5 mg mL™), 0.6 mg mL * thiourea, CuSO4 (0.075 mg mL ™), and 13.3% trichloroacetic
acid followed by incubation for 3 h at 37 °C. Afterwards, H,SO,4 65% (v/v) was added to the

medium. The results were expressed as pumol AsA g tissue™.

Prooxidants in the liver

Lipid peroxidation estimation. The lipid peroxidation was estimated by a thiobarbituric acid-
reactive substances (TBARS) assay and performed by a malondialdehyde (MDA) reaction
with 2-thiobarbituric acid (TBA), which was optically measured according to Buege and Aust
(1978). TBARS levels were expressed as nmol MDA mg protein ™.

Protein carbonyl assay. The protein carbonyl content was assayed by the method described by
Yan et al. (1995). The assay was performed in duplicate, and two blank tubes treated with 2N
HCI (0.2 mL) without DNPH were included for each sample. The total carbonylation was
calculated using a molar extinction coefficient of 22000 M cm ™. The protein carbonyl content

was expressed as nmol carbonyl mg protein *.
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Protein total determination. The protein concentration was determined by the Coomassie Blue
method following the Bradford method (1976) using bovine serum albumin as a standard, and

the absorbance of the samples was measured at 595 nm.

Statistical analyses. All data are expressed as the mean + SEM. The homogeneity of
variances between treatments was tested with Levene’s test. The data presented homogeneous
variances, so comparisons between the different treatments were made using a one way
ANOVA and Tukey’s test. Analysis was performed using the Statistica ver. 7.0 software (Stat

Soft, Tulsa, OK), and the minimum significance level was set at P < 0.05.

Results

No mortality was recorded in any treatment following transport. The AChE, NTPDase
and 5'-nucleotidase activities in the whole brain of silver catfish showed no significant
differences between the treatments (Table 1).

The SOD activity in the liver did not present significant difference between the
treatments (Fig. 1A), and CAT activity was significantly lower in fish transported with both
EO concentrations compared to the control fish (Fig. 1B).The GST activity in the liver was
significantly lower in silver catfish transported with 30 uL L™ of EO compared to the control
fish (Fig. 2A). The GPx activity in the liver was significantly lower in all EO treatments
compared to the control (Fig. 2B). Moreover, the lowest activity was observed in fish
transported with 40 uL L™ of EO (Fig. 2B).The levels of NPSH and ascorbic acid in the liver
were significantly lower in fish transported with both concentrations of EO compared to the

control (Fig. 2C and D).
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The TBARS and protein carbonyl levels in the liver were higher in the fish transported
in water treated with 30 pL L™ of EO from L. alba compared to the control group, but the fish
transported in water treated with 40 puL L™ of EO showed similar results to the control (Fig.
3Aand 3B). The LPO/CAT + GPx ratio indicated that the balance between lipoperoxidation
and total antioxidant enzyme activities was significantly higher in treatments with either 30 or

40 pL L™ of EO compared to the control fish (Fig. 4).

Discussion

Generally, anesthetics cause a depression of the central nervous system by interrupting
the action potential of axons, release of neurotransmitters, excitability of the membrane or a
combination of all of these actions (Ross and Ross, 2008). However, in the present study, the
EO from L. alba had no effect on the activities of the enzymes NTPDase and 5'-nucleotidase,
which constitute an enzymatic complex able to regulate the extracellular concentrations of
adenine nucleotides and nucleosides (Stefan et al., 2005; Colgan et al., 2006; Schmatz et al.,
2009; Gutierres et al. 2012, 2014).

Studies by Heldwein et al. (2012) suggest the involvement of the gamma-
aminobutyric acid -A (GABAA) benzodiazepine receptor in the anesthetic effect of the EO
from L. alba. Silver catfish transported in water containing the EO from L. alba were less
agitated (Becker et al., 2012). The results of the AChE activity assay corroborate with the
aforementioned findings because the enzyme activity was unaltered and the change in the
locomotor behavior was not due to alterations in its function. Furthermore, consolidates that
EO from L. alba is able to reduce or maintain the basal levels of the cholinergic

neurotransmitters.
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This study did not detect any significant differences in the SOD activity between the
treatments after transport of the catfish. The lower CAT and GST activities in the liver of
silver catfish transported with 30 pL L™ of EO in the water could be attributed to the increase
of the oxidant levels, as observed by the highest levels of TBARS that were generated by this
treatment. It is possible that in silver catfish transported with 40 puL L™ of EO in the water the
decrease of CAT was enough to avoid the increase of TBARS. Azambuja et al. (2011)
reported that silver catfish transported (fish density 140 — 200 g L™*) for 6 h in normoxic
conditions with 10 uL L™ of EO of L. alba exhibited no significant alterations in hepatic GST,
SOD and CAT activities, but TBARS levels also did not change.

Alterations in GPx activity are generally accompanied by changes in NPSH levels
because the NPSH is a co-substrate for H,O, breakdown by GPx (Sies, 1999). The major
cellular thiol that participates in cellular redox reactions — NPSH — displayed an important
role in the detoxification of electrophilic metabolites catalyzed by glutathione-S-transferase
(GST) (Sies, 1999; Latha and Pari, 2004).

High NPSH levels may protect cellular proteins against oxidation either via the NPSH
redox cycle or by directly detoxifying the ROS generated by exposure to stressor agents (Ruas
et al., 2008), but the low NPSH content could modulate the activity of GPx and GST enzymes
(Brouwer and Brouwer, 1998) as suggested in the present study in silver catfish transported in
water containing the EO from L. alba. The formation of peroxides and TBARS was lower in
the frozen fillets of silver catfish transported with either 30 or 40 puL L™ of EO (Veeck et al.,
2013). In the present study, lower levels of ascorbic acid were also observed in the liver of
silver catfish transported in water containing the EO from L. alba. Antioxidants such as
ascorbic acid are active ROS scavengers involved in the lipid peroxidation process (Halliwell
and Gutteridge, 2000; Trenzado et al., 2006; Kochhann et al., 2009). This study showed that

the TBARS and protein carbonyl levels in the liver of silver catfish were higher when
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transported in water containing 30 uL L™ of EO, indicating higher lipid peroxidation and
protein oxidation activity and demonstrating that the antioxidant defenses were not
completely able to effectively scavenge the ROS produced. The increased LPO/CAT+GPx
ratio also suggests that hydrogen peroxide were produced, overcoming the capacity of CAT
and GPx in neutralizing ROS production (Ruas et al., 2008) and resulting in a LPO in the
liver.

The use of 10-20 uL L™ of EO from L. alba increased ventilation rate of silver catfish
during the first 30 min of transport, indicating a higher agitation of the fish (Becker et al.,
2012). Therefore, it was hypothesized that the use of a pre-transport sedation with 200 pL L™
of EO from L. alba would reduce this initial agitation and the transport with 30 or 40 pL L™
of EO from L. alba in the water would be more effective. However, this hypothesis was not
confirmed considering the hepatic oxidative stress parameters analyzed in the present
experiment and the lower concentrations (10-20 uL L™ of EO from L. alba) used by
Azambuja et al. (2011) and Becker et al. (2012) are more effective for transporting silver

catfish.
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Table 1. Enzymatic activity in the brain. The levels of AChE expressed as pmol ASCh
hydrolyzed min™ mg protein™ and the levels of NTPDase and 5'-nucleotidase activity using

either ATP or ADP and AMP as substrates, respectively (values expressed as nmol Pi min™ mg

protein™).
L. alba concentration
opLL? 30puLL? 40 puLL?
AChE 0.301+0.014 0.296 + 0.010 0.306 + 0.019
NTPDase - ATP 201.51 £ 24.51 233.85 £ 28.29 257.85 £ 41.85
NTPDase - ADP 81.60 £5.43 101.10 £ 8.82 96.18 = 4.65
5'-nucleotidase - AMP 64.35 + 8.16 65.25 £ 5.58 54.12 + 4.80

Values are expressed as the mean + SEM (n = 12 per group), P < 0.05. No significant

differences between groups were observed.
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Figures captions

Fig. 1. Superoxide dismutase (SOD) and catalase (CAT) activities (A and B, respectively) in
the liver of silver catfish transported in plastic bags containing water treated with the essential
oil from Lippia alba. The values are expressed as the means + SEM (n = 12 per group).

Different letters indicate levels of significance between the treatments (P < 0.05).

Fig. 2. Glutathione-S-transferase (GST) activity (A), glutathione peroxidase (GPx) activity
(B), non-protein thiol group (NPSH) content (C) and ascorbic acid (D) content in the liver of
silver catfish transported in plastic bags containing water treated with the essential oil from
Lippia alba. The values are expressed as the means £ SEM (n = 12 per group). Different

letters indicate levels of significance between the treatments (P < 0.05).

Fig. 3. TBARS (A) and protein oxidation (B) levels in the liver of silver catfish transported in
plastic bags containing water treated with the essential oil from Lippia alba. The values are
expressed as the means £ SEM (n = 12 per group). Different letters indicate difference levels

of significance between the treatments (P < 0.05).

Fig. 4. LPO/CAT+GPx ratio in the liver of silver catfish transported in plastic bags containing
water treated with the essential oil from Lippia alba. The values are expressed as the means +
SEM (n = 12 per group). Different letters indicate levels of significance between the

treatments (P < 0.05).
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Abstract

The effects of the methanolic extract of Condalia buxifolia (MECB) were investigated in
silver catfish (Rhamdia quelen) transported for 6 h in plastic bags at 0, 5 or 10 uL L™ MECB.
Prior to transport, the fish were sedated with 10 pL L™ MECB for 5 min, except the control
group. At the end of transport, dissolved oxygen, alkalinity, pH, temperature, and un-ionized
ammonia levels in the transport water were not different between treatments, but the control
group presented the highest total ammonia levels. Net Na*, CI" and K" effluxes were highest
in fish from the control group compared to those transported with MECB. PvO,, PvCO, and
HCO3 were higher after transport in fish transported with 5 pL L™* MECB, but no significant
difference between treatments was found regarding blood pH and plasma cortisol levels. The
metabolic parameters (glycogen, lactate, total amino acid, total ammonia and total protein)
were lower or no significant difference was found in fish transported with MECB. There was
no difference between treatments on the ecto-nucleoside triphosphate diphosphohydrolase, 5'-
nucleotidase and acetylcholinesterase activities in the whole brain. The ascorbic acid content
and nonprotein thiol levels in the gills were higher and catalase and glutathione peroxidase in
the liver were lower in fish transported with MECB. Glutathione-S-transferase values were
lower in the kidney and liver at 5 pL L™ and higher in the muscle at 10 uL L™* MECB. The
thiobarbituric acid-reactive substances levels in the kidney and muscle were lower at both
MECB concentrations but higher in the liver of fish transported with 10 pL L™ MECB. The
protein carbonyl content in the kidney was higher in fish transported with 10 pL L* MECB
and in the muscle at both concentrations of this extract. In conclusion, the use of MECB for
the transport of silver catfish is advisable because MECB improves antioxidant defenses.

Keywords: sedative; antioxidant defense; oxidative stress; fish transport
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1. Introduction

Fish in culture systems are susceptible to stress caused by capture, handling and
transportation, among other stressors (Barton and Iwama, 1991; Tort, 2011). The
transportation of fish in plastic bags has limitations, such as the supply of oxygen and the
build-up of ammonia and carbon dioxide levels (Golombieski et al., 2003; Carneiro et al.,
2009; Becker et al., 2012, 2013). These variations in water parameters provoke stress (Tort,
2011) that could be minimized, at least in some species, through the addition of natural
sedatives in the transport water (Azambuja et al., 2011; Becker et al., 2012, 2013; Parodi et
al., 2014; Zeppenfeld et al., 2014).

Condalia buxifolia Reissek (Rhamnaceae) is a tree rich in peptide alkaloids. Several
secondary metabolites were isolated from C. buxifolia: condaline A (alkaloid), B-sitosterol
(steroid), lupeol and taraxerol (terpenes) (Maldaner, 2005). The methanolic extract of C.
buxifolia (MECB) induced only slight sedation in silver catfish (Rhamdia quelen), and the
best concentration range of MECB is 0.5-10 pL L™ because higher concentration levels
increase the time to induce sedation. The addition of this extract to the transport water within
the above mentioned concentration range is advisable because it reduces fish mortality and
ionoregulatory imbalance (Becker et al., 2013). However, no analysis of the effect of MECB
on biochemical parameters was performed. Enzymatic activities are important in
understanding stress at a cellular level, how fish respond to the transport and if additions to
the water could be beneficial or harmful (Salbego et al., in press). The silver catfish is a native
freshwater teleost from Central and South America, and the main native species is raised in
southern Brazil (Baldisserotto, 2009).

The purpose of this study was to investigate the effects of the addition of MECB to the
transport water with regards to water parameters, survival, ionoregulatory balance, blood

parameters (pH, PvO,, PvCO,, hematocrit and HCOs3 ), cortisol and several biochemical
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parameters (glycogen, lactate, total amino acids, total ammonia and total protein); brain
enzymes (acetylcholinesterase-AChE, ecto-nucleoside triphosphate phosphohydrolase-
NTPDase, and 5'-nucleotidase activities) and oxidative stress parameters (superoxide
dismutase-SOD, catalase-CAT, glutathione peroxidase -GPx, ascorbic acid, nonprotein thiol-
NPSH, glutathione-S-transferase-GST, thiobarbituric acid-reactive substance-TBARS and

protein carbonylation levels) in several tissues of silver catfish after 6 h of transport.

2. Material and Methods

2.1. Experimental procedure

The silver catfish (420.1 £ 8.8 g and 21.2 + 2.3 cm) were captured from a cage net in a
fish farm and then transported at a loading density of 275.1 g L™ for 6 h in nine plastic bags
(7 L of water and 8 L of pure oxygen), divided into three groups (three replicates each, n = 12
per group): O (control), 5 and 10 puL L™ MECB. This extract was obtained according to
Becker et al. (2013) and diluted in ethanol (1:10) before use. Fish that were transported with 5
or 10 uL L™ MECB were rapidly sedated with 10 pL L™ (the concentration that induced
sedation within the time proposed) for five minutes, as reported by Becker et al. (2013),
before placement in the plastic bags. Control fish were placed directly in the plastic bags. The
loading density was chosen according to Carneiro et al. (2009), and the MECB concentrations
used have been shown to keep silver catfish sedated and do not induce anesthesia (Becker et
al. 2013), avoiding any mortality during transport. After transport, fish were euthanized by
spinal cord section, and tissues (brain, gills, kidney, liver and muscle) were carefully
removed, placed on ice and stored at -20 °C for one week until the biochemical parameters
were analyzed. The methodology of this experiment was approved by the Ethical and Animal

Welfare Committee of the Universidade Federal de Santa Maria (Process n°® 046/2010).
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2.2. Water parameters: sampling and determinations

Water parameters were measured before and after transportation. Dissolved oxygen
and temperature were measured with a YSI oxygen meter (YSI Inc., Yellow Springs, OH,
USA). The pH was verified with a DMPH-2 pH meter. The total ammonia nitrogen (TAN)
levels were verified according to Eaton et al. (2005), and un-ionized ammonia (NHs) levels
were calculated according to Colt (2002). Water hardness was analyzed by the EDTA
titrimetric method. Alkalinity was determined according to Boyd and Tucker (1992), and
carbon dioxide (CO,) was calculated by the method of Wurts and Durborow (1992).

Net ion fluxes were calculated according to the following equation:

Jnet =V ([ion] 1 — [ion] 2). (M.t)*
where [ion] ; and [ion] , are the ion concentrations in the water of transport at the beginning
and the end of the transport period, respectively, V is the water volume (in L), M is the mass
of the fish (in kg) and t is the duration of the transport (in h). The CI" levels were determined
according to Zall et al. (1956), and Na*, K* and Ca?* levels were determined with a B262
flame spectrophotometer. Standard solutions were made with analytical-grade reagents
dissolved in deionized water, and standard curves of each ion to be tested were made for five

different concentrations.

2.3. Blood parameters: sampling and determinations

Blood samples (1-1.5 mL) were collected from the caudal vein of each fish using
heparinized 3-mL syringes before and after the transport procedure and subsequently were
kept in ice to determine, using a clinical analyzer, the following variables: pH, PvO,, PvCO.,
hematocrit (Hct) and HCO3 . In addition, the temperature of the clinical analyzer was
corrected to water temperature (27 °C), with the assumption that ambient water temperature

and individual fish body temperatures were equivalent (Hanley et al., 2010). The plasma
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cortisol levels were measured using a commercially available immunoluminometry kit
(Immulite, Diagnostic Products Corporation, Los Angeles CA, USA), and the specificity of

the test for silver catfish has been previously evaluated by Cunha et al. (2010).

2.4. Biochemical parameters: sampling and determinations
2.4.1. Metabolic parameters

The tissues (gills, kidney, liver and muscle) were homogenized in a proportion of 50
mg mL™ TCA (trichloroacetic acid) 10% using a Potter-Elvejhem homogenizer. Afterwards,
the homogenates were centrifuged at 1000 g for 10 min, and the supernatants were used for
the determination of metabolic parameters. The glycogen was determined by Dubois et al.
(1956), lactate by Harrower and Brown (1972), total amino acid by Spies (1957), total
ammonia according to Verdouw et al. (1978) and total protein according to Lowry et al.

(1951).

2.4.2. Enzymatic assays in the brain
2.4.2.1. Acetylcholinesterase (AChE; E.C. 3.1.1.7)

Brain was homogenized with 150 mM NaCl. The homogenate was centrifuged for 15
min at 3000 g at 5 °C, and the supernatant was used as the enzyme source. AChE activity was

measured as described by Ellman et al. (1961).

2.4.2.2. NTPDase (ecto-apyrase, ecto/CD39; E.C. 3.6.1.5)

An enzymatic assay of the entire brain was carried out in a reaction medium
containing 5 mM KCI, 1.5 mM CaCl,, 0.1 mM EDTA, 10 mM glucose, 225 mM sucrose and
45 mM Tris—HCI buffer (pH 8.0) in a final volume of 200 pL, as described by Schetinger et

al. (2000).
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2.4.2.3. 5'-nucleotidase (CD73; E.C. 3.1.3.5)

Activity was determined by the method of Heymann et al. (1984) in a reaction
medium containing 10 mM MgSO,4 and 100 mM Tris—HCI buffer (pH 7.5) in a final volume
of 200 pL. The tubes were then chilled on ice for 10 min, and the released inorganic

phosphates (Pi) were assayed by the method of Chan et al. (1986).

2.4.3. Nonenzymatic antioxidants in the gill, liver and muscle
2.4.3.1. Ascorbic acid content (AsA)

Ascorbic acid content was determined by the method of Roe (1954). To measure the
ascorbic acid levels, an aliquot of the supernatant was mixed with 2,4-dinitrophenylhydrazine
(4.5 mg mL™), 0.6 mg mL* thiourea, CuSO, (0.075 mg mL ™), and 13.3% trichloroacetic
acid, followed by incubation for 3 h at 37 °C. Afterwards, H,SO, 65% (v/v) was added to the

medium. The results are expressed as pumol AsA g tissue™.

2.4.3.2. Non-protein thiol groups (NPSH) in the gill, liver and muscle

NPSH levels were determined by the method of Ellman (1959), with 0.05 mL of 10
mM 5,5'-dithio-bis (2-nitrobenzoic acid) (DTNB) and 0.7 mL of 0.5 mM phosphate buffer
(pH 6.8) added to 0.25 mL of supernatant. The results are expressed as wmol non-protein

thiols g tissue ™.

2.4.4. Enzymatic antioxidant activity in the liver
2.4.4.1. Superoxide dismutase (SOD; E.C. 1.15.1.1)

Activity was determined as the inhibition rate of autocatalytic adrenochrome
generation at 480 nm in a reaction medium containing 1 mM epinephrine (0.017 mL) and 50

mM glycine—-NaOH (pH 10.5) (1 mL). A unit of SOD is defined as the amount of enzyme that
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inhibits the speed of detector (epinephrine) reduction by 50%. Enzyme activity was expressed

in units mg protein™ using the method described by Misra and Fridovich (1972).

2.4.4.2. Catalase (CAT; E.C. 1.11.1.6)
Activity was assayed by ultraviolet spectrophotometry. Changes in H,O, absorbance
after 60 s was measured at 240 nm. Catalase activity was calculated and expressed in pumol

min ' mg protein * using the method described by Nelson and Kiesow (1972).

2.4.2.3. Glutathione peroxidase (GPx; EC 1.11.1.9)

The enzyme activity was measured according to Paglia and Valentine (1967). The
assay solution contained 100 mM potassium phosphate buffer (pH 7.0), 1 mM GSH, 0.15 mM
NADPH, 0.1 U mL™" glutathione reductase, 100 mM azide and a suitable aliquot of enzyme
solution. Enzyme activity was determined at 37 °C by measuring the depletion of NADPH at

340 nm and expressed as umol NADPH min™ mg protein™.

2.4.4.4. Glutathione-S-transferase (GST; EC 2.5.1.18) (also in the kidney and muscle)
Activity was measured based on the method described by Habig et al. (1974) using 1-

chloro-2,4-dinitrobenzene (CDNB) (0.15 mL) as a substrate. The extinction coefficient used

for CDNB was 9.6 mM cm %, and the activity was expressed as umol GS-DNB min™* mg

protein*.

2.4.5. Prooxidants in the kidney, liver and muscle
2.4.5.1. Lipid peroxidation estimation
Lipid peroxidation was estimated by a thiobarbituric acid-reactive substances

(TBARS) assay and performed by a malondialdehyde (MDA) reaction with 2-thiobarbituric
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acid (TBA), which was optically measured according to Buege and Aust (1978). TBARS

levels are expressed as nmol MDA mg protein .

2.4.5.2. Protein carbonyl assay

The protein carbonyl content was assayed by the method described by Yan et al.
(1995). The assay was performed in duplicate, and two blank tubes treated with 2 N HCI (0.2
mL) without DNPH were included for each sample. The total carbonylation was calculated
using a molar extinction coefficient of 22000 M cm™. The protein carbonyl content was

expressed as nmol carbonyl mg protein ™.

2.4.6. Protein total determination
The protein concentration was determined by the Coomassie blue method following
the Bradford method (1976) using bovine serum albumin as a standard, and the absorbance of

the samples was measured at 595 nm.

2.4.7. Statistical analyses

All data are expressed as the mean + SEM. The homogeneity of variances between
groups was tested with Levene’s test. Data presented homogeneous variances; therefore,
comparisons between different groups were made by one-way ANOVA and Tukey’s test.
Analysis was performed using the software Statistica ver. 7.0 (Stat Soft, Tulsa, OK), and the

minimum significance level was set at P < 0.05.
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3. Results

3.1. Water quality and blood parameters

No mortality was recorded in any treatment following transport. In all water
parameters, no significant difference between groups after transport was observed, except
TAN levels, where the lowest levels were reported in fish transported with MECB (Table 1).
The net Na*, CI" and K" effluxes were also significantly lower in fish transported with MECB
added to the water. However, the net Ca®* fluxes did not show any significant difference
between groups (Figure 1).

No significant difference was found in the blood pH between the groups. However,
PvO,, PvCO, and HCO3  values after transport were higher in fish transported with 5 pL L™
MECB added to the water compared to those in the other groups. In addition, Htc values
decreased after transport compared to those before transport but without significant
differences between the groups (Table 2). Plasma cortisol levels were not affected by the

addition of MECB to the transport water (Figure 2).

3.2. Biochemical parameters
3.2.1. Metabolic parameters

Glycogen levels were significantly lower in the gills and higher in the liver of fish
transported with 5 pL L™ MECB added to the water compared to those in the control fish.
Groups transported with MECB also presented significantly lower muscle glycogen compared
to that in the control fish. Fish transported with MECB added to the water showed
significantly higher lactate levels in the kidney and lower levels in the muscle, and those
transported with 10 uL L™ MECB presented lower lactate levels in the liver (Table 3). Total

amino acid levels in the gills and muscle were significantly lower and higher in the kidney at
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10 pL L™ MECB compared to those in the other groups. Total amino acid levels in the liver
were not altered by adding MECB to the water. Total ammonia levels in the liver were
significantly higher at 5 pL L™ and lower at 10 uL L™ MECB compared to those from fish
from the control group. Total ammonia levels in the gills, kidney and muscle were not
affected by MECB addition to the water of transport. The total protein in the gills did not
show significant difference between groups, but in the kidney, lower values were found at 10
uL L™ MECB, and in the liver and muscle, the highest and lowest values, respectively, were

reported at 5 pL L™* MECB (Table 3).

3.2.2. Enzymatic assays in the brain
The AChE, NTPDase and 5’-nucleotidase activities in the whole silver catfish brains
transported with MECB did not show significant differences compared to the control

(Table 4).

3.2.3. Antioxidants and prooxidants

The ascorbic acid contents were significantly higher and lower in the gills and liver,
respectively, at both concentrations of MECB compared to those in the control fish. The
lowest ascorbic acid content of the muscle was observed in the fish transported with 5 pL L™
MECB. The levels of NPSH were significantly higher and lower in the gills and muscle,
respectively, in fish transported with MECB, but in the liver, there was no significant
difference between groups (Table 5).

The SOD activity in the liver did not present any significant difference between groups
(Fig. 3A), but CAT and GPx activities were significantly lower in fish transported with
MECB compared to those of the control (Figs. 3B and 3C). The GST activity in the kidney

and liver were significantly lower in silver catfish transported with 5 pL L™ of MECB and
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higher in the muscle of fish transported with 10 pL L™ of MECB compared to those in the
control fish (Fig. 4).

The TBARS levels in the kidney and muscle were significantly lower in fish
transported with both concentrations of MECB (Figs. 5A and 5E). However, in the liver, the
highest TBARS levels were observed in fish transported with the highest concentration of
MECB (Fig. 5C). Protein carbonyl did not change significantly in the liver; the highest levels
were observed in the kidney of fish transported at the highest MECB concentration and in the
muscle at both concentrations of this extract (Figs. 5B, 5D and 5F).

The LPO/CAT + GPx ratio indicated that the balance between lipoperoxidation and
total antioxidant enzymes activities in the liver was significantly higher at 10 uL L™* MECB

compared to that in the control fish (Fig. 6).

4. Discussion

The dissolved oxygen levels were higher after 6 h of transport because pure oxygen
was added to the plastic bags at the beginning of transport. The increase in CO2 levels
observed in all treatments most likely was responsible for the decrease in water pH at the end
of transport, as observed by Golombieski et al. (2003) and Becker et al. (2012, 2013).
Alkalinity and water hardness levels, regardless of the treatment, increased after transport, and
this increase could be explained by the presence of regurgitated food, as observed by
Golombieski et al. (2003) and Becker et al. (2012, 2013) with the same species.

Total ammonia nitrogen levels in the water were lower at the end of the transport in
the groups with MECB added to the water. As transport with MECB did not reduce total
ammonia levels in the tissues (except in the liver of those transported with 10 pL L™)

compared to the control fish, it is most likely that this lower ammonia excretion is related to
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slower metabolism. The lower Na*, CI" and K" loss by the fish transported with MECB is also
an indication supporting this hypothesis. The use of eugenol, MECB, and essential oils of
Lippia alba (Becker et al., 2012, 2013) and Aloysia triphylla (Parodi et at., 2014; Zeppenfeld
et al., 2014) in the transport water also reduced ion loss in silver catfish. In the present study,
plasma cortisol levels were not affected significantly by the addition of MECB, indicating that
the reduced ion loss was not due to reduced stress through transport, as observed with the use
of the essential oil of A. triphylla in the transport water (Zeppenfeld et al., 2014). However,
before transportation, fish were rapidly sedated with 10 pL L™ MECB. Consequently,
increased cardiovascular responses and gill blood flow, which are stress responses as side
effects of anesthetics (Sneddon, 2012), were most likely minimized before transport because
fish were less agitated. In agreement with this hypothesis, B-sitosterol and taraxerol,
compounds found in MECB (Maldaner, 2005), caused drowsiness and lower mobility in mice
(Sethiya et al., 2009).

Blood parameters values before transport were similar to those reported for the same
species by Becker et al. (2012). Blood gases and HCO3 values increased and Hct decreased
in silver catfish after transport. Most likely, these alterations are related to hyperoxia exposure
through transport because Atlantic salmon (Salmo salar) exposed to hyperoxia have presented
the same changes (Hoslfeld et al., 2010; Kristensen et al., 2010). However, as even long-term
alterations of these blood parameters did not impair the growth of Atlantic salmon (Hoslfeld
et al., 2010), it is most likely that no significant physiological perturbation in silver catfish
resulted from these changes. PvO, and PvCO, values after transport were higher in fish
transported with 5 pL L™ MECB added to the water compared to the other groups. Most
likely, the blood HCO3 values in this group after transport were higher to compensate for the

higher PvCO, values and to maintain blood pH similar to the other groups.
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Sedatives can reduce or block the activation of the hypothalamus—pituitary—interrenal
(HPI) axis (Tort, 2011) and render the fish unable to respond to additional stressors, resulting
in a cascade of physiological and metabolic changes (Trenzado et al., 2003) to maintain
homeostasis (Barton and lwama 1991; Vijayan et al., 1994; lversen et al., 2003; Small, 2003;
Segner et al., 2012). Lactate levels were significantly lower in the liver of silver catfish
transported with 10 pL L™* MECB and in the muscle at both MECB concentrations. Most
likely, these lower lactate values are related to the lower muscular activity caused by MECB
sedation. Furthermore, in general, the metabolic responses in the tissues of silver catfish
transported with MECB are similar to those observed by Inoue et al. (2005) in the plasma
metabolites of matrinxa (Brycon amazonicus) subjected to transport with clove oil added to
water: stress responses were prevented, attenuated or not altered, keeping a balance in body
homeostasis. A depression of the central nervous system is the main response to the use of
anesthetics, which interrupts the action potential of neurons, the release of neurotransmitters,
the excitability of the membrane or a combination of all these actions (Ross and Ross, 2008).

However, AChE, a well-known enzyme that degrades the neurotransmitter
acetylcholine (Blenau et al., 2012; Gutierres et al., 2014; Salbego et al., in press), and the
ecto-enzymes NTPDase and 5'-nucleotidase, which among others, regulate the extracellular
concentrations of nucleoside adenosine and adenine nucleotides, such as adenosine
triphosphate (ATP) and adenosine diphosphate (ADP), and play an important role in the
maintenance of normal cellular status (Fields and Burnstock, 2006; Yegutkin, 2008; Schmatz
et al., 2009; Gutierres et al., 2012), did not change with the addition of MECB to the transport
water.

The imbalance of the pro and antioxidants equilibrium leads to ROS production that
can induce potential damage to cellular constituents (Halliwell and Gutteridge, 2000;

Trenzado et al., 2006; Lushchak, 2011; Tort, 2011). Antioxidant enzymes, such as SOD,



86

detoxifies superoxide anion (O,"), CAT reduces hydrogen peroxide (H,0,), and GPx reduces
both H,O, and organic peroxides by a glutathione-dependent reaction (Halliwell and
Gutteridge, 2000). Recent studies have shown that plant extracts are able to improve the
antioxidant capacity in silver catfish (Azambuja et al., 2011; Zeppenfeld et al., 2014; Salbego
etal., in press).

The activity of antioxidants increased in the gill but decreased in the liver and muscle
of silver catfish transported with MECB. The increase in GST activity in the muscle (at 10 pL
LY is justified by the increase in protein carbonyls in the same treatment, most likely due to
the scavenger role of this enzyme. In the kidney, GST (at 5 pL L™) and TBARS levels
decreased, and there was carbonylation of protein at 10 pL L™, most likely because this is one
of the key organs for organizing a response after stressful situations in fish (Tort, 2011; Segner
et al., 2012). The increased LPO/CAT+GPx ratio in the liver at 10 uL L™* MECB showed that
the amount of H,O, produced overcame the capacity of CAT and GPx enzymes to neutralize
ROS production, resulting in more LPO in this organ. However, taken together, the results of
all studied organs indicated that MECB addition to the transport water improved the oxidative
status of silver catfish. In agreement with the present study, the methanolic extract of Indian
plants that contained B-sitosterol and taraxerol (compounds found in the MECB) showed
antioxidant properties in mouse brain homogenate (Sethiya et al., 2009). B-sitosterol also
induced apoptosis in human colon cancer cell lines by scavenging ROS (Baskar et al., 2010),
and lupeol (another compound of MECB) ameliorated aflatoxin B;-induced toxicity due to its
combined antioxidant potential as well as hepatoprotective action in a rat model (Preetha

et al., 2006).
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5. Conclusion

The use of MECB in the transport water at both concentrations tested in the present
study is recommended for silver catfish transport because MECB improved the antioxidant
capacity in some tissues and was effective in reducing waterborne total ammonia levels and

ion loss.
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Table 1. Water parameters before and after transport (6 h) of silver catfish, Rhamdia quelen, in plastic bags with methanolic
extract of Condalia buxifolia (MECB) added to the water.

After transport (groups)

Water parameters Before transport Control MECB MECB
(5pL L™ (1opLL™h

Dissolved oxygen 5.35+0.68 8.68 + 1.09** 8.74 + 1.64** 8.02 + 0.52**
Carbon dioxide 6.35+0.47 54.84 + 2.47* 60.69 + 3.21* 57.49 + 2.79*
Alkalinity 2030+ 1.77 29.14 + 2.20* 32.25 +1.85* 30.55 + 2.15*
Water hardness 15.73+1.72 21.00 + 1.80* 24.12 +1.90* 23.32 + 1.30*
pH 6.74 £ 0.04 6.01 + 0.05* 6.11 + 0.05* 6.13 £ 0.07*
Temperature (°C) 27.53 £ 0.56 27.30 £ 0.62° 26.10 £ 0.91° 25.85+1.07°
Total ammonia nitrogen 1.36 £0.12 3.89 +£0.19* 2.74 +0.15* 2.72 +£0.13*
Un-ionized ammonia 0.005+0.0001  0.0026 + 0.0002*? 0.0021 + 0.0002** 0.0022 + 0.0002**

Values are presented as the mean + SEM (n = 12 per group). Asterisks indicate significant differences compared to values
before transport (P < 0.05). Different letters in the rows indicate significant differences between groups after transport (P
< 0.05). Dissolved oxygen and carbon dioxide are expressed as mg L™, and total ammonia nitrogen and un-ionized

ammonia are expressed as mg N L. Alkalinity and water hardness are expressed as mg CaCO, L™
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Table 2. Blood parameters before and after transport (6 h) of silver catfish, Rhamdia quelen, in plastic bags with
methanolic extract of Condalia buxifolia (MECB) added to the water.

After transport (groups)

Blood parameters Before transport Control MECB MECB
(GpuLLY (10 uL L™
pH 7.32£0.07 7.26 £ 0.04° 7.25 +0.04° 7.27 £0.05°
PvO, (mm Hg) 10.21 +1.88 16.08 + 1.69*" 28.23 +1.91* 16.11 + 1.14*°
PvCO, (mm Hg) 13.79+£0.71 21.57 +0.93*" 32.28 + 0.99* 23.21 + 1.86*"
Hct (%) 30.46 +0.48 24.39 + 0.85** 25.32 + 0.94* 25.15 + 0.89*
HCO; (mmol L) 6.27 £ 0.16 12.45 + 0.47*° 15.58 + 0.29** 12.44 + 0.36*°

Values are represented as the mean £ SEM (n = 12 per group). Asterisks indicate significant differences compared to
values before transport (P < 0.05). Different letters in the rows indicate significant differences between groups after

transport (P < 0.05).
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Table 3. Metabolites in tissues of silver catfish, Rhamdia quelen, after transport (6 h) in plastic bags with
methanolic extract of Condalia buxifolia (MECB) added to the water.

Groups
Metabolites
Control MECB MECB
Tissues (5pL L™ (1opLLY
M M
Glycogen
Gills 22.22 +0.61° 17.40 + 0.75" 20.33 + 1.05°
Kidney 21.74 + 0.95° 2255+ 0.77° 22.72 + 0.60°
Liver  518.25 + 16.15" 605.20 + 13.82° 450.88 + 21.75"
Muscle 10.58 + 0.43? 8.41+0.37° 6.64 + 0.43°
Lactate
Gills 8.86 + 0.39° 6.94 + 0.33% 8.30 + 0.68°
Kidney 3.23+0.29" 4.45 £ 0.24° 4.46 +0.19%
Liver 9.99 + 0.37° 11.81 + 0.43° 7.23+0.28°
Muscle 23.78 + 0.68° 20.15 + 0.67° 18.91 + 0.66°
Total amino acid
Gills 52.01 +2.78° 51.05 + 1.96° 4250 +1.21°
Kidney 61.90 + 2.51° 55.67 + 2.03" 68.09 + 2.39%
Liver 62.27 £ 5.37° 72.96 + 5.20° 72.56 + 6.06°
Muscle 21.97 +0.39° 24.75 + 0.59° 17.55 + 0.54°
Total ammonia
Gills 4.66 +0.21° 4.82 +0.26° 4.68 +0.14°
Kidney 2.47 £0.21% 2.83+0.28% 3.38 +0.34°
Liver 5.63+0.41° 7.10 £ 0.37% 4.31+0.37°
Muscle 4.46 +0.15° 4.50 +0.29° 443 +0.23?
Total protein
Gills 25.19 + 1.03% 23.62 + 1.50° 23.06 + 0.74%
Kidney 59.32 + 2.44° 59.32 + 2.78° 45.04 +1.86°
Liver 47.78 + 4.05° 82.35 + 4.54° 46.05 + 4.81°
Muscle 38.95 + 0.44° 36.15 + 0.54° 41.49 + 0.67°

Values are expressed as the mean + SEM (n = 12 per group). Different letters in the rows indicate significant
differences compared to the control (P < 0.05). Glycogen, lactate, total amino acid and total ammonia are

expressed in umol g tissue™. Protein is expressed in mg protein g tissue™.
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Table 4. Enzymatic activities in whole brain of silver catfish, Rhamdia quelen, after transport (6 h) in plastic bags
with methanolic extract of Condalia buxifolia (MECB) added to the water. The AChE is expressed as pmol ASCh

hydrolyzed min™ mg protein™. NTPDase (using ATP or ADP as the substrate) and 5'-nucleotidase (using AMP as

the substrate) activities are expressed as nmol Pi min™ mg protein™.

Groups
Control MECB MECB
(GuLL? (10 pL L™
AChE 0.301 £ 0.014 0.293 £ 0.011 0.325 +£0.012
NTPDase - ATP 201.51 +24.51 206.04 + 20.79 223.65 + 30.69
NTPDase - ADP 81.60£5.43 85.71+7.77 103.98 £ 8.85
5'-nucleotidase - AMP 64.35 £ 8.16 69.30 £ 8.85 62.52 £ 8.37

Values are expressed as the mean + SEM (n = 12 per group), P < 0.05. No significant differences between groups
were observed.



Table 5. Antioxidant parameters in tissues of silver catfish, Rhamdia quelen, after transport (6 h) in plastic bags with methanolic extract of Condalia buxifolia

(MECB) added to the water.

Antioxidant parameters Groups
Tissues Control MECB MECB
(5pLL™ (1opLLY
Ascorbic acid (umol AsA g tissue™)
Gills 0.40 + 0.06° 1.01 + 0.04° 0.90 + 0.07%
Liver 2.95 +0.10° 2.40 +£0.22° 2.56 +0.16°
Muscle 1.82 +0.15° 1.27 +0.07° 1.76 £ 0.09°
Nonprotein thiols groups (umol NPSH g tissue'l)
Gills 5.41+0.73° 12.16 + 0.81% 14.44 + 0.55%
Liver 2.76 £0.12% 2.52+0.23% 2.71+0.14%
Muscle 2.29 +0.25° 0.94+0.13° 1.60 +0.11°

Values are expressed as the mean + SEM (n = 12 per group). Different lowercase letters indicate significant differences between groups in the same

antioxidant parameter (P < 0.05).
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Figure captions

Fig. 1 Net ion (Na*, CI', K* and Ca®") fluxes measured in the water after transport (6
h) of silver catfish, Rhamdia quelen, with methanolic extract of Condalia buxifolia
added to the water. Values are expressed as the mean £ SEM. Different lowercase
letters indicate significant differences between groups for the same ion (P < 0.05; n =

12 per group).

Fig. 2 Effect of methanolic extract of Condalia buxifolia added to the water on
plasma cortisol levels after transport (6 h) of silver catfish, Rhamdia quelen. Values
are expressed as the mean + SEM. Different lowercase letters indicate significant

differences between groups for the same ion (P < 0.05; n = 12 per group).

Fig. 3 Superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase
(GPx) activities (A, B and C, respectively) in the liver of silver catfish, Rhamdia
quelen, after transport (6 h) with methanolic extract of Condalia buxifolia added to
the water. Values are expressed as the mean + SEM. Different lowercase letters

indicate significant difference between the groups (P < 0.05; n = 12 per group).

Fig. 4 Glutathione-S-transferase (GST) activity in the kidney (A), liver (B) and
muscle (C) of silver catfish, Rhamdia quelen, after transport (6 h) with methanolic
extract of Condalia buxifolia added to the water. Values are expressed as the mean +
SEM. Different lowercase letters indicate significant difference between the groups
(P < 0.05; n =12 per group).

Fig. 5 TBARS levels and protein oxidation in the kidney (A and B), liver (C and D)
and muscle (E and F, respectively) of silver catfish, Rhamdia quelen, after transport
(6 h) with methanolic extract of Condalia buxifolia added to the water. Values are
expressed as the mean + SEM. Different lowercase letters indicate significant

difference between the groups (P < 0.05; n = 12 per group).

Fig. 6 LPO/CAT+GPx ratio in the liver of silver catfish, Rhamdia quelen, after
transport (6 h) with methanolic extract of Condalia buxifolia added to the water.
Values are expressed as the mean £ SEM. Different lowercase letters indicate

significant difference between the groups (P < 0.05; n = 12 per group).
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3 DISCUSSAO GERAL

Reportando aos resultados do experimento I, no qual foi utilizado EUG (1,5 ou 3,0 uL
L) e OEL (10 ou 20 uL L), houve uma menor atividade da AChE no encéfalo, para ambas
as concentracdes testadas, enquanto que em musculo, somente na concentracdo 1,5 pL L™
Essas respostas foram acompanhadas pela menor quantidade de glicogénio e lactato no figado
e musculo e pelo aumento da proteina nestes tecidos (exceto em algumas concentracdes, em
que ndo houve alteracgdes).

Entre os neurotransmissores classicos estdo a acetilcolina (CROSSLAND; MERRICK,
1953; TIWARI; SINGH, 2004; BLENAU; RADEMACHER; BAUMANN, 2012) e as
catecolaminas (VIJAYAN; PEREIRA; MOON, 1994; GERWICK; DEMERS; BAYNE,
1999). Ambos podem se ligar a receptores especificos na membrana pds-sinaptica e
influenciar uma atividade em particular. A inibicdo da AChE leva ao aumento da acetilcolina e
consequentemente, sua acumulacdo nas fendas neurais, comprometendo a transmissdo do
impulso motor para o musculo, resultando na desorientacdo ou reducdo do movimento e
alteracbes metabdlicas (SALBEGO et al., 2010; BLENAU; RADEMACHER; BAUMANN,
2012; GUTIERRES et al., 2014). Em adicdo, Schetinger et al (2000) e Muller et al. (2002),
respectivamente, reportaram a inibicdo da AChE em cortex cerebral de ratos expostos a
benzodiazepinicos (BDZ) e em sangue e eritrocitos de humanos tratados com diferentes
antidepressivos.

Nesse contexto, pode-se inferir que a inibicdo da AChE no encéfalo, para ambos 0s
extrativos, esta relacionada a interacdo destes, com a via gabaérgica, uma vez que, 0S
receptores de GABA mais abundantes no SNC sdo os receptores ionotropicos do tipo ‘A’
(GABA,), que constituem canais idnicos mediados por neurotransmissores rapidos, incluindo
receptores neuronais de acetilcolina. A maioria dos agentes neurotransmisores via gabaérgica
atua sobre os receptores GABAA ionotropicos (YOUNG; CHU, 1990; HELDWEIN et al.,
2012). Além disso, estudos de Heldwein et al. (2012) sugerem o envolvimento do receptor
GABAA, no efeito anestésico do OEL, uma vez que este 6leo mostrou sinergismo com BDZ
comprovando assim sua agao sedativa sobre o0 SNC. O mesmo pode-se afirmar para o efeito
do eugenol, visto que estudos relatam que este extrativo, além de atuar como anestésico local
(JAVAHERY et al., 2012) tem seus efeitos mediados pela via gabaérgica (GUENETTE et al.,
2007).
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Alteracdes no eixo HPI e maior liberacdo de catecolaminas, levando ao aumento nos
niveis de lactato e reducdo no contetdo de proteina total, estdo diretamente relacionadas com
situacOes de estresse (MAZEAUD, M.M.; MAZEUD, F.; DONALDSON, 1977; BARTON;
IWAMA, 1991; VIJAYAN; PEREIRA; MOON, 1994; GERWICK; DEMERS; BAYNE,
1999). Pode-se inferir entdo, que no experimento aqui reportado, os extrativos testados foram
eficazes, impedindo a cadeia de eventos acima citados, uma vez que os niveis de lactato e
proteina foram menores e maiores, respectivamente, em figado e musculo, enquanto que o
glicogénio foi degradado para suprir a demanda energética, sem comprometer o metabolismo
proteico.

Além disso, algumas das concentracfes utilizadas mostraram ter eficacia no que se
refere a reducdo de estresse oxidativo uma vez que, para proteger-se dos produtos do estresse,
0 organismo conta com a atividade conjugada do sistema antioxidante. Esta relacdo pode ser
observada pela menor atividade (nas concentracbes de EUG) ou auséncia de resposta (nas
concentraces de OEL) da GST no figado e uma maior atividade de NPSH, em todas as
concentracdes. Nesse mesmo tecido, também houve um acréscimo no contetdo de PC e
reducdo de TBARS. Pode-se afirmar que esses resultados estdo de acordo com os encontrados
por Azambuja et al. (2011), relacionando OEL e estresse oxidativo em jundia.
Complementando essas afirmacdes, estudos de Veeck et al. (2013) também comprovaram a
eficiéncia do OEL (30 ou 40 uL L™) para filés congelados, provenientes de jundiés tratados
com as referidas concentragdes, nos quais os niveis de TBARS foram menores, 0 que garante
a melhor qualidade da carne estocada.

No experimento II, no qual os peixes foram previamente tratados com OEL (200 pL L™,
por 3 minutos) ou EMC (10 pL L, por 5 minutos) e imediatamente transportados em &gua
contendo OEL (30 ou 40 pL L™) ou EMC (5 ou 10 pL L™), ndo houve alteracio na atividade
das enzimas AChE, NTPDase e 5' -nucleotidase no encéfalo. Os niveis de ATP presentes nas
fendas sinapticas sdo controlados por estas enzimas e podem ser coarmazenados e colancados
com outros neurotransmissores, entre eles 0 GABA (ABBRACCHIO et al., 2008). A partir
dessa constatacdo, é possivel relacionar a acdo desse 0leo, nessas concentracGes, bem como
do EMC, a manutencéo dos niveis basais dessas enzimas, isto é, 0s extrativos ndo diminuiram
as atividades neurotransmissoras, no entanto, contribuiram com a homeostase das mesmas.

Essa afirmacéo, em relacdo ao EMC, pode ser embasada nas descri¢cbes de Ma et al.
(2008) para as propriedades farmacoldgicas da semente de planta Zizyphus jujuba, da familia
Rhamnaceae, comumente utilizada em paises orientais para o tratamento da insénia,

ansiedade e, também, como analgésico. Dessa semente, diversos componentes ja foram
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estudados, entre eles triterpenos, flavonas, B-sitosterol e ciclopeptideos alcaloides sendo que
este ultimo, em experimentos realizados com camundongos, evidenciou o envolvimento da
via gabaégica em seu mecanismo de acdo. Refor¢ando essas afirmacdes, estudos de Sethiya et
al. (2009), descrevem os beneficios de diferentes extrativos de plantas da India (cujos
componentes também sdo encontrados na C. buxifolia), os quais sdo amplamente utilizados no
tratamento da ansiedade e ins6nia, nesse pais.

Pode-se inferir também, que o tratamento recebido antes do transporte, no segundo
experimento, e que nao ocorreu no primeiro, justifique a alteracdo (reducdo) dos niveis
encefalicos da AChE neste e a manutencdo dos niveis basais daquele. A presenca de estresse
oxidativo em figado, decorrente do transporte com adicdo de OEL, conforme descrito no
segundo manuscrito, sugere que concentracbes menores sejam mais eficazes, em relacdo a
esse tecido (AZAMBUJA et al., 2011).

Estudos de Becker et al. (2012, 2013) e Salbego et al. (in press) sugerem que
anestésicos e sedativos diminuem as taxas metabodlicas. Contudo, os resultados do artigo 3,
mostram que em rim e figado, houve uma tendéncia ao aumento nos niveis de alguns
metabolitos. Nos peixes, o rim é um dos principais 6rgdos para organizar as respostas ao
estresse, além do cérebro e da hipdfise, uma vez que nesse 6rgdo as catecolaminas sdo
liberadas através da ativacdo dos tecidos cromafins, ocorrendo além de resposta ao estresse, a
interacdo entre os sistemas nervoso, enddcrino e imunitario (TORT, 2011). Quanto ao figado,
é o primeiro 6rgao envolvido nas atividades de detoxificacdo do organismo (SALBEGO et al.,
in press), justificando-se assim essas respostas tecido-especificas.

Observa-se também, nesse trabalho, que os niveis dos antioxidantes acido ascérbico e
NPSH foram elevados nas branquias, enquanto que no musculo e figado foram menores em
relacdo ao grupo controle. O aumento na capacidade antioxidante nas branquias sugere que o
extrativo utilizado foi eficaz, neutralizando efeitos toxicos gerados direta ou indiretamente
pelos anestésicos (PARODI et al., 2012). Contudo, pode-se afirmar que a adi¢cdo de EMC a
agua de transporte de jundia, foi eficaz em manter o equilibrio entre as respostas pro-
oxidantes e antioxidantes, entre os diferentes tecidos e concentracdes avaliadas. Também
auxiliou no controle dos parametros da agua, mantendo-os dentro dos padrdes aceitaveis para
a espécie, similarmente aos encontrados por Becker et al. (2012, 2013), impediu 0 aumento
dos niveis de cortisol plasmatico e pH sanguineo, e reduziu a perda de ions na 4gua, sugerindo
gue os movimentos operculares e o fluxo sanguineo foram menores nas branquias.

Em adigdo, dados reportados por estes autores mostram que jundias transportados com

OEL, EUG e EMC tiveram uma menor perda de ions, provavelmente associada ao menor
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fluxo sanguineo em brénquias, uma vez que 0s peixes estavam com as atividades metabolicas
reduzidas. Agregando-se a este achado, Toni et al. (2014) e Zeppenfeld et al. (2014),
comprovaram menor perda de ions em plasma de jundias anestesiados com 06leo essencial de
Hesperozygis ringens e sedados com Aloysia triphylla, respectivamente.

Por se tratar de um trabalho pioneiro envolvendo extrativos naturais derivados de
plantas nativas (OEL e EMC) e eugenol, e seus efeitos sobre diversificados parametros
enzimaticos, bioquimicos e oxidativos, trabalhos relacionados que possam servir de referéncia
sdo0 escassos. Assim, consolida-se a importancia e a necessidade de maior exploracdo nessas
areas, com a finalidade de encontrar concentracdes sedativas e/ou anestésicas eficazes para o
transporte de jundia, entre outros organismos aquaticos, com o propdésito de melhorar a
producdo e bem estar animal e, em adicdo, propor novos extrativos que possam substituir a

utilizacdo do eugenol e produtos sintéticos.



4 CONCLUSOES

O eugenol, o dleo essencial de L. alba (OEL) e o extrato metandlico de C. buxifolia
(EMC) melhoram as condigdes de transporte de jundid.

A adicdo de eugenol (1,5 ou 3,0 uL L™) e OEL (10 ou 20 pL L™) & 4gua de transporte
de jundid, reduziu a atividade da AChE em cérebro enquanto que em mausculo a
reducdo ocorreu apenas na concentragdo 1,5 uL L™ de eugenol. Contudo, em musculo,
contribuiu para que o metabolismo aerébico dos carboidratos suprisse a demanda
energética, em prol das reservas proteicas e melhorou o estado oxidativo, evidenciado
principalmente por menores niveis de TBARS e maiores niveis de GSH.

O OEL (30 ou 40 pL L") e 0 EMC (5 ou 10 uL L), com pré-sedagéo, néo levaram a
alteracdes na atividade das enzimas AChE, NTPDase e 5' -nucleotidase.

O EMC foi eficaz quanto ao aumento dos antioxidantes acido ascérbico e NPSH em
branquias e reducdo nos niveis de TBARS (pro-oxidante) em rim e muasculo, além da
manutencdo dos niveis basais de cortisol, reducdo dos niveis de aménia na &gua e
perda de ions.

Para todos os extrativos testados, o metabolismo aerdbico dos carboidratos foi
suficiente para atender a demanda de energia, 0 que indica que: 1) os tecidos
receberam uma oferta suficiente de oxigénio, 2) o metabolismo anaerébico ndo foi
necessario, comprovado com a estabilidade ou menores niveis de lactato na maioria
dos tecidos e 3) houve uma reducéo no catabolismo proteico.

Os resultados, tomados em conjunto, demonstram que jundiad transportado com 0s
extrativos e concentracdes propostas no presente trabalho, apresentaram um
equilibrio quanto as atividades das enzimas AChE, NTPDase e 5' -nucleotidase,

metabolicas, pro-oxidantes e antioxidantes.
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