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RESUMO
Tese de Doutorado
Programa de P0s-Graduacdo em Zootecnia

Universidade Federal de Santa Maria, RS, Brasil.

ATIVIDADE ANESTESICA E SEDATIVA DE PRODUTOS NATURAI S NO
TRANSPORTE DE JUNDIA (Rhamdia quelej

AUTOR: Alexssandro Geferson Becker
ORIENTADOR: Bernardo Baldisserotto
Data e Local da Defesa: Santa Maria, 14 de dezed&ad11.

O transporte de peixes vivos € uma das principtisdades desenvolvidas em
pisciculturas, ocasionando muitas vezes alteracdiesoldgicas, bioquimicas e
comportamentais que podem ser prejudiciais a esse®is, contribuindo assim para uma
reducdo na ingestdo alimentar, no crescimento, e#esa contra patdogenos e,
consequentemente, levando a uma maior taxa delidada Em vista disso, objetivou-se,
primeiramente, avaliar os extratos @wondalia buxifolia como anestésico em jundia
(Rhamdia quelene, também, verificar a eficacia da utilizacadoedigenol, do 6leo essencial
(OE) delippia albae do extrato metandlico (EM) d&. buxifolia durante o transporte de
jundia, considerando-se 0s seguintes indicadoresangetros da agua, do sangue e
bioquimicos, sobrevivéncia e balanco ionorreguiatoAo final dos experimentos para
verificagdo da capacidade anestésica, percebeuser EM deC. buxifolia na faixa de
concentracéo entre 0,5 — 130 L™ possui a capacidade de manter os peixes levemente
sedados. Ja nos experimentos de transporte, asntagdes de eugenol (1; 1,5; 2,5 ou 3 pL
L), de OE dd.. alba(10; 20; 30 ou 40 pLt) e de EM deC. buxifolia(5; 10; 25 ou 50 pL
LY, independentemente da densidade de carga (18862 ou 275,1 gt) e do tempo de
transporte (4; 12 ou 6 h) foram eficazes na dinggiido fluxo ibnico, da excrecdo de amoénia
e, também da mortalidade pés-transporte. Por dadim 30 pL [* de OE dd.. alba causou
uma elevacédo dos niveis plasmaticos de cortisthrebém induziu ao estresse oxidativo,
através do aumento dos niveis de peroxidacao dgieiproteina carbonil e diminuicdo das
defesas antioxidantes. Desta forma, dois novos nmrés (peroxidacao lipidica e
carbonilagdo protéica) podem ser considerados cowiwadores de estresse oxidativo
induzido por anestésicos. Além disso, é aconsell@awtilizacdo de anestésicos e sedativos
no transporte de jundia, em funcéo dos consisteesettados obtidos nesta tese.

Palavras-chave:Anestesia. Eugenol. Extrato de plantas. Jundido @ssencial. Transporte
de peixes.
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ANESTHESIC AND SEDATIVE ACTIVITIES OF NATURAL PRODU CTS IN THE
TRANSPORT OF SILVER CATFISH ( Rhamdia quelei

AUTHOR: Alexssandro Geferson Becker
ADVISER: Bernardo Baldisserotto
Date and Place of Defense: Decembé'i‘, PH11, Santa Maria.

The transport of live fish is one of the main aitiés developed in fish farms, causing
many physiological, biochemical, and behavioratraltions that can be impairment to these
animais, contributed to a reduction in the feedestgn, growth, pathogens defense and,
consequently, resulting in the higher mortalityerdh view of this, the objective was, firstly,
assess the extracts @bndalia buxifoliaas anesthetic in silver catfisRifamdia quelenand,
also, verify the efficacy of the use of eugenog #ssential oil (EO) dfippia albaand the
methanolic extract (ME) o€ondalia buxifoliaduring transport of silver catfish, through the
following indicators: water, blood and biochemigarameters, survival and ionoregulatory
balance. At the end of the experiments, it was miesethat the ME ofC. buxifoliain the
concentration 0.5 to 120 pL'range has the capacity to lightly sedate of fishesddition,
in transport experiments, the concentrations oeaab(1, 1.5, 2.5 or 3 uL1), EO ofL. alba
(10, 20, 30 or 40 pLt) and ME ofC. buxifolia (5, 10, 25 or 50 pL 1), regardless of the
loading density (169.2, 186.7 or 275.19) land transporting time (4, 12 or 6 h) were efficac
in decreasing ion loss, ammonia excretion and, alswtality after transport. On the other
hand, 30 pL [* of EO of L. alba caused an increase in plasma cortisol levels also,
induced to the oxidative stress throught the irseddevels of lipid peroxidation and protein
carbonyl and decrease antioxidant defenses. Thereftwo new parameters (lipid
peroxidation and protein carbonilation) can be aered as indicators of oxidative stress
induced by anesthetics. Moreover, is recommendedattesthetics and sedatives for silver
catfish transporting, because of the consistentiteeshowed in this thesis.

Keywords: Anesthesia. Eugenol. Extracts from plants. Silvatfigh. Essential oil. Fish
transport.
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1 INTRODUCAO

A producdo da piscicultura brasileira nos udltimossa tem tido um acentuado
aumento se comparada com a de dezesseis anodNati@so de 1992, a producdo de todas as
espécies de peixes foi de 26.000 toneladas, ermgaet os dados de 2008 apontaram para
uma producdo de aproximadamente 246.000 tonelamtasnée de peixes de agua doce
(IBAMA, 2008). Esse aumento na producdo pode asfacionado ao fato de possuirmos
diversas espécies com potencial produtivo, seja goescimento rapido, boa conversao
alimentar, rusticidade ou por demanda do mercadswoidor (CRESCENCIO, 2005). O
aumento da producdo de peixes também esta ligadéguanas praticas realizadas na
piscicultura tais como: biometria, andlises patalég implante hormonal, vacinacéo,
manejo, captura e transporte. Esses procedimentotasmvezes também trazem sérios
prejuizos econbmicos, tanto para os produtorestguans compradores, em funcdo da
interferéncia dessas praticas no desempenho desiges e também a mortalidade decorrente
das mesmas (BARTON, 2000). Em vista disso, vatigsnativas tém sido propostas para
evitar ou até mesmo reduzir o estresse decorrast@ticas usuais em pisciculturas. Entre
essas alternativas estd a utilizacdo de sais, ési@® ou outras substancias, tais como
probioticos, que possam reduzir os possiveis digiokgicos e bioquimicos nos peixes.

Frente a todas as variaveis consideradas e bussemdiminuir ao maximo os fatores
geradores de estresse, a utilizagdo de produtosidepados anestésicos parece ser uma
valiosa ferramenta na piscicultura durante os hoventos de coleta de peixes selvagens e
também na criacdo de peixes, sendo que este Ufere dois processos provavelmente
causadores de alguns fatores de estresse: 0 neodjansporte de peixes vivos. Sabendo-se
gue o0s anestésicos sdo agentes quimicos ou fisjagescom o aumento da exposi¢cdo ou
concentracdo, primeiro acalmam (sedam) um anintp®is causam perda de mobilidade,
equilibrio, consciéncia e das reacoes reflexaseptarem a conducdo do impulso nervoso
(SUMMERFELT e SMITH, 1990) e, considerando-se quavaliacdo da passagem dos
diferentes estagios de anestesia € bastante sab{&@ILDERHUS e MARKING, 1987),
deve-se levar em consideragao os procedimentosedtesia e a habilidade do manipulador
(BURKA et al., 1997). Baseando-se nesses fatosp@epso de anestesia dos peixes tem sido
usado por diminuir o estresse ou o dano fisiolégiaosado pelas praticas de manejo. No

entanto, a concentragdo correta, o tempo de indeg&superacdo, bem como o0s possiveis
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efeitos adversos ainda permanecem desconhecidasaparaioria das espécies (ROSS e
ROSS, 2008).

Entre os diversos procedimentos utilizados em qificiras, iremos nesta tese abordar
o transporte de peixes vivos, considerado por mudoprincipal causador de estresse.
Primeiramente, pode-se destacar que entre os igpos de transporte de peixes (sistema
fechado e aberto) o mais utilizado no Brasil € antédo sistema fechado, o qual é realizado
através de sacos plasticos parcialmente preencbatnosagua, nos quais € injetado oxigénio
comercial puro, e que devem ter uma boa espesataagsistirem ao transporte e, também,
aos raios duros presentes nas nadadeiras de alggpeses de peixes, como por exemplo, o
jundia (BERKA, 1986; GOMES et al., 1999, 2006a, ®DLOMBIESKI et al., 2003;
CARNEIRO et al., 2009). O transporte de peixedléenciado por muitos fatores, incluindo-
se a duracdo do transporte, densidade de cargaNEWRO et al., 2009), temperatura
(GOLOMBIESKI et al., 2003), parametros fisico-quios da agua, tamanho e condigédo
fisica do peixe, e duracdo do periodo de depuragtes do transporte (BERKA, 1986). Entre
as limitacdes desse sistema incluem-se a dispolasidé de oxigénio e os aumentos das
producdes de amodnia e didxido de carbono durampieriodo do transporte (GOMES et al.,
1999, 20064, b; GOLOMBIESKI et al., 2003; CARNEIROal., 2009). Geralmente observa-
se uma alteragdo em varios parametros fisiologecbsoquimicos, tais como: hematologia
(DETHLOFF et al., 1999), osmolaridade e/ou balamgs eletrolitos (McDONALD e
MILLIGAN, 1997; GOMES et al., 2006b; CARNEIRO et,a2009), liberacdo de hormonios,
metabolismo energético e enzimas oxidativas (BARTEOM/AMA, 1991; CARRAGHER e
REES, 1994).

Diante dos prejuizos a piscicultura ocasionado®spalistemas inadequados de
transporte de peixes vivos e também pela grand#apmrasionada ao final desse processo,
torna-se fundamental e de extrema importancia leagfio de sais, anestésicos ou outras
substéancias, tais como, probiéticos, na busca dediezir os fatores apresentados acima.
Além disso, essa reducao poderd permitir tambérawmento na densidade de peixes e uma
reducdo no volume de agua, diminuindo ainda maisussos desse processo e também
melhorando o bem-estar dos peixes. Até o preseoteemto, os produtos mais utilizados sao
o cloreto de sd6dio (sal comum), gesso, zeolitoszbeaina, eugenol e 6leo de cravo, 0s quais
apresentam um preco acessivel e sdo de facil maneisuisicdo (GOMES et al., 1999,
2006a, b; SINGH et al., 2004; BRANDAO et al., 2008)gumas substancias, tais como o
metanosulfonato de tricaina (MS 222), éter monbéenido etilenoglicol, hidrocloreto de

metomidato, tampdo tris [tris-(hidroximetil aminaiaueo)] e 2-fenoxietanol também sao
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utilizados com o objetivo de contribuir com a dimigéo do estresse causado pelo processo
de transporte (CARMICHAEL et al.,, 1984; FERREIRA at, 1984; TEO et al., 1989;
SINGH et al., 2004; PARK et al., 2009). No entaassas substancias apresentam algumas
inconveniéncias, tais como a necessidade da gfilizde luvas em vista da possibilidade de
toxicidade ao produtor, dificuldade de importacédtaenbém, precos altos (PAVLIDIS et al.,
2003).

Extratos ou Oleos essenciais de plantas tem torsadona alternativa viavel como
anestésicos para peixes, levando-se em contacsscaistos e dificuldades de obtencédo dos
produtos quimicos e sintéticos, geralmente utibzagara esse proposito (FACANHA e
GOMES, 2005). Portanto, além dos anestésicos, saissubstancias apresentadas
anteriormente como alternativas para aplicacdontieira transporte de peixes, tem sido
também reportado em espécies de peixes brasilaing#jzacdo do eugenol ou dleo de cravo
(INOUE et al., 2005) e do 6leo essencialLgapia alba (AZAMBUJA et al., 2011). Porém,
até o presente momento nenhum dado é reportade aaliilizacdo dos extratos Gendalia
buxifolia no transporte de peixes.

Véarios estudos com peixes nativos brasileiros tapmm a utilizacdo de um
fitofarmaco, o eugenol [(2-metoxi-4-(2-propenilné, o principal componente do 6leo de
cravo (70-90% do peso)] ou Gleo de cravo, comotésies (INOUE et al., 2003, 2005, 2011;
ROUBACH et al, 2005; VIDAL et al., 2006, 2007a, BARBOSA et al., 2007,
GONGCALVES et al.,, 2008; HONCZARYK e INOUE, 2009; @KIOTO et al., 2009;
PEREIRA-DA-SILVA et al., 2009; CUNHA et al., 2010l630MES et al., 2011). Esse
anestésico € obtido do caule, flores e folhas tl#tgsEugenia caryophyllata’hunberg e
Eugenia aromaticaaill.

Em adicdo, d.ippia alba (Mill.) N.E. Brown (Verbenaceae) € caracterizadeno
sendo uma planta arbustiva aromatica, sendo emclanttesde o sul dos Estados Unidos da
América (Flérida) até as Américas Central e do(BUASI e COSTA, 2003; HENNEBELLE
et al., 2008), india (SINGH et al., 2000) e Aus&&dDAY e McANDREW, 2003). E
conhecida popularmente, no Brasil, como falsa -isseelou erva cidreira (MATOS et al.,
1996; BIASI e COSTA, 2003). A variabilidade na camsigéo do 6leo essencial (OE) obtido
dessa planta vai depender das diferentes regideanto vegetal, das estacdes do ano, dos
horarios de coleta, da metodologia empregada pasaaaextragdo e, principalmente do
guimiotipo presente nesse Oleo (ATTI-SERAFINI et, &002; CASTRO et al., 2002;
STASHENKO et al., 2004; NAGAO et al., 2005; BARR@#8al., 2009; JANNUZZI et al.,
2010). Alguns estudos tém reportado algumas atieislalo OE e dos extratos dealba
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entre as quais destacam-se: atividade antibacteratifiingica, antiviral, antiprotozoaria,
neurosedativa, analgésica, anti — inflamatoériagiosascular e antioxidante (ABAD et al.,
1997; VIANA et al., 1998; VALE et al., 1999, 200@UERRERO et al., 2002; HOLETZ et
al., 2002; PUERTAS-MEJIA et al., 2002; ZETOLA et, £002; AGUIAR, 2006; CALZADA
et al., 2006; HENNEBELLE et al., 2006; BORGES-ARGAEt al., 2007). No entanto, até o
presente momento séo poucos os estudos reportaridiaacdo do OE de. albaem peixes,
destacando-se os realizados por Cunha et al. (20004) e Azambuja et al. (2011).

Ja o génercondalig familia Rhamnaceae, compreende 18 espéciesbdistais da
América do Norte até a América do Sul, sendo quetadecinco espécies sao encontradas na
América do Sul e uma no BrasiCondalia buxifolia Reissek — & uma arvore de
aproximadamente 4 metros de altura, sendo encenaiin do Brasil, na Argentina e no
Uruguai. E conhecida popularmente, no Brasil, cammnilha-folha-de-buxo ou espinilho.
Os estudos realizados com essa planta concentsgram- identificacdo e classificacédo de
constituintes quimicos, principalmente os alcalgidielopeptidicos, 0os quais estdo presentes
nas folhas, flores, cascas da raiz e do caule esem&entes (MARCHAND et al., 1968;
MOREL et al., 1979, 1995, 2002; SHAH et al., 1988¢vido ao carater quimiotaxondémico
da Familia Rhamnaceae, esses alcalbides exibemsvatividades bioldgicas, tais como:
inseticida (SUGAWARA et al.,, 1996), sedativa (HAN al., 1989), antimicrobiana
(TSCHESCHE et al., 1974; JOULLIE e NUTT, 1985; GOUELIS et al., 1997; MOREL et
al., 2005;), antiplasmodiana (SUKSAMRARN et al.03}) imunoestimulante (LIN et al.,
2000), e antinociceptiva (TREVISAN et al., 2009pr Putro lado, ndo ha nenhum dado
reportado, até o presente momento, sobre a sizEgéEb como anestésico para peixes.

Portanto, esta tese teve como principais objetiposjeiramente, avaliar os extratos
de Condalia buxifoliacomo anestésico em jundiB@hamdia quelene avaliar os tempos de
inducdo e recuperacdo anestésicas. Além dissoficaeria eficacia da utilizagcdo do
fitofarmaco eugenol e dos fitoterdpicos OELldealba e extrato metandlico dé. buxifolia
durante o transporte de jundia, através dos seguintlicadores: parametros da agua, do
sangue e bioquimicos, sobrevivéncia e balanco liegolatorio. Com base nisso, propde-se
para essa tese, as seguintes hipoteses: os exti@tGs buxifolia induzem a anestesia
profunda em jundia, os anestésicos e sedativosiaauxno controle dos parametros da agua
durante o transporte, reduzem a mortalidade eressst oxidativo decorrente do transporte e,

ainda, mantém os parametros sanguineos dentraxdadfaconfortabilidade a espécie.



2 DESENVOLVIMENTO

Neste item serdo apresentados os artigos publieddosubmetidos resultantes desta tese:

Artigo 1. Transportation of silver catfisiRhamdia quelenin water with eugenol and the
essential oil oLippia alba Publicado no periddicbish Physiology and Biochemistr¢DOI
10.1007/s10695-011-9562-4).

Artigo 2. Efficacy of eugenol and the methanolic extractGdndalia buxifolia during
transportation of silver catfislRhamdia quelenEsse manuscrito sera submetido ao periddico

Aquaculture Research

Artigo 3. Transportation of silver catfistRhamdia quelenin water with essential oil of
Lippia albaand methanolic extract @ondalia buxifolia Esse manuscrito sera submetido ao

periédicoAquaculture

Artigo 4. Essential oil ofLippia alba and methanolic extract @ondalia buxifoliainduce
biochemical stress in silver catfisRhamdia quelenafter transportation. Esse manuscrito

serd submetido ao periodiGhemosphere
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Abstract

This study investigated the effectiveness of eugand of the essential oil (EO) aippia
alba when used in the transport of the silver catfRhamdia quelén These investigations
involved measurements of blood (pRyO,, P\CO, and HCQ) and water parameters,
survival and ionoregulatory balance. Fish (301.22%40 g, 28.90 + 1.30 cm) were
transported at a loading density of 169.274ftr 4 h in fifteen plastic bags (7 L) divided into
five treatments: control, 1.5 or 3.0 if of eugenol, and 10 or 20 pl'lof EO ofL. alba The
water parameters were measured before (0 h) aad(4fh) transportation. The net N&I
and K’ losses were higher in fish from the control treztncompared to the other treatments.
The PVO,, PV\CO, and HCQ' increased significantly in all of the treatmentshee end of the
transport period. In conclusion, based on the wdgtetal ammonia nitrogen) and
ionoregulatory indicators determined in the prestaty, our findings indicate that eugenol
and the EO of.. albaare recommended for use in the transport of {egises because these

anesthetics apparently reduce stress.

Keywords: Anesthesia; Sedation; lon fluxes; Fish transport
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Introduction

The transport of fishes is influenced by many fegtancluding the duration of
transportation, loading density (Carneiro et aD2Q temperature (Golombieski et al. 2003),
water physicochemical parameters, size and physgalition of the fish, and duration of the
depuration period before fish transportation (Betl86). The transportation of fishes in
Brazil involves the use of plastic bags. The litmdtas of this system include the supply of
oxygen and the build-up of ammonia and carbon dexroduced during transport (Gomes et
al. 1999, 2006a, b; Golombieski et al. 2003; Camet al. 2009). Previous studies regarding
the transport of silver catfistR. quelen in plastic bags have evaluated different loading
densities (Carneiro et al. 2009), times, tempeest(Golombieski et al. 2003) and salt
concentrations (Gomes et al. 1999).

Anesthetics such as MS-222, benzocaine hydrocklprgtphenoxyethanol and
lidocaine hydrochloride have been used to reducesstresponses during live fish
transportation (Carmichael et al. 1984; Ferreirale1984; Teo et al. 1989; Singh et al. 2004;
Park et al. 2009). Several studies with native Beazfishes reported the use of eugenol [(2-
methoxy-4-(2-propenyl) phenol, the major componeitlove oil (70-90% of weight)] or
clove oil, as an anesthetic (Inoue et al. 2005; Reh et al. 2005; Vidal et al. 2006;
Goncalves et al. 2008; Cunha et al. 2010b). Thengiss oil (EO) ofL. alba (Mill.) N.E.
Brown (Verbenaceae), an aromatic shrub with immbrt@edicinal properties, is a new
anesthetic for fish (Cunha et al. 2010a, 2011).e6ogand the EO df. alba can be used to
anesthetize silver catfish. At concentrations o&B@ 300 pl [ (equivalent to 50 and 240 mg
LY, respectively, eugenol and the EOlofalba inhibited the increase in plasma cortisol
levels after handling (Cunha et al. 2010a, b). Hewe no studies on the use of these
anesthetics in fish transportation have been paddr Therefore, the aim of this study was to

investigate the effectiveness of eugenol and ofdEQ. alba for use during the transport of
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silver catfish. The study used the following indara: blood and water parameters, survival

and ionoregulatory balance.

Material and Methods

Experimental procedure

Silver catfish (301.24 = 21.40 g, 28.90 £ 1.30 onere captured from a cage net
inside an earth pond at the fish culture sectathatUniversidade Federal de Santa Maria
campus, Santa Maria, Southern Brazil. Fish didgmthrough a depuration period because
this procedure, although recommended (Amend e1382), is not followed by most fish
producers in southern Brazil (Golombieski et al020 Fish were transported at a loading
density of 169.2 g £ for 4 h in fifteen plastic bags with 7 L of watemnd 8 L of pure oxygen,
and they were divided into five treatments (threplicates each). These treatments were as
follows: control; 1.5 or 3.0 pL t of eugenol (OdontofarnfaPorto Alegre, Brazil, equivalent
to 1.5 or 3.0 mg L, respectively, because the density of this angistlseabout 1.06) and 10
or 20 pL L* of the EO ofL. alba (equivalent to 8 or 16 mg™1. respectively, because the
density of this EO is about 0.80) (both first déddtin ethanol; 1:10). The transport time was
chosen to reduce mortality at this loading dengi@olombieski et al. 2003). The
concentrations of the EO &f albain water were within the range that induced onighs
sedation in silver catfish within 6 h of exposuBe-Z0 pL L', equivalent to 4-16 mg,
respectively) (Cunha et al. 2010a). The eugenoteuotnations used in our study were about
10-to 20-fold lower than those causing deep anssthia silver catfish within 15 min of
exposure (20-50 puL1) (Cunha et al. 2010b). A pilot study with 10 fiskposed to 1.5 or 3.0

uL L™ of eugenol demonstrated that they only reachetitssiedation within 6 h.
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Another experiment evaluated the ventilatory fremye(VF) of the fish exposed to all
treatments (n = 6 fish by treatment): control, dr8.0 pL L* of eugenol, and 10 or 20 pL'L
of the EO ofL. alba The VF was determined following Alvarenga and péab (1995): the
VF per minute was quantified by visually countin@ 2uccessive opercular or buccal
movements, measuring the elapsed time with a cihmeter. The fish (one fish per aquarium)
were maintained in aquaria (19.3 x 13.7 x 11 cmihwli L of water and the respective
anesthetic concentrations. The times chosen taatethe VF were 0, 0.5, 1, 2, 3 and 4 h.

The methodology of this experiment was approvethbyEthical and Animal Welfare

Committee of the Universidade Federal de Santaaf&rocess n°® 046/2010).

Plant material

L. alba was cultivated in the experimental area of the dgmento de Fitotecnia,
UFSM campus. The aerial parts of the plant weréectd in July 2008. The plant material
was identified by botanist Dr. Gilberto Dolejal £, Departamento de Farmécia Industrial,
UFSM, and a voucher specimen (SMDB No. 10050) wegsoslited in the herbarium of the

Departamento de Biologia, UFSM.

Essential oil extraction

Essential oil was obtained from the fresh leavethefplant by steam distillation for 2
h using a Clevenger-type apparatus. In this mettie@distillate is collected in a graduated
glass tube and the aqueous phase is automatiealsed by returning it to the distillation
flask (European Pharmacopoeia 2007). The EO sam@es stored at -20°C in amber

glass bottles.

Water sampling and analyses
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Water parameters were measured before and aftespweation. Dissolved oxygen
(DO) and temperature were measured with a YSI axygeter (Model Y5512; YSI Inc.,
Yellow Springs, OH, USA). The pH was verified wighDMPH-2 pH meter (Digimed, S&o
Paulo, SP, Brazil). Nesslerization verified totairaonia nitrogen (TAN) levels according to
the method of Eaton et al. (2005). Un-ionized amiaofNHs) levels were calculated
according to Colt (2002). Water hardness was apdlyfzy the EDTA titrimetric method.
Alkalinity was determined according to Boyd and Rerc(1992). Carbon dioxide (GPDwas

calculated by the method of Wurts and Durborow 2)99

lon fluxes

Water samples (5 mL) were collected before and &fémsportation. Chloride levels
were determined according to Zall et al. (1956} Bia’, K* and C&" levels were determined
with a B262 flame spectrophotometer (Micronal, $&wilo, Brazil). Standard solutions were
made with analytical-grade reagents (Vetec or Merdiksolved in deionized water, and
standard curves of each ion to be tested were rfioadere different concentrations. Net ion
fluxes were calculated according to Gonzalez €{18198):

Jnet = V([ion]; — [ion] »)

Mt
where [ion]; and [ion} are the ion concentrations in the water of trartsabthe beginning
and end of the transport period, respectively, Yhes water volume (in L)M is the mass of

the fish (in kg) and is the duration of the transport (in h).

Blood sampling and analyses
The mixed venous-arterial blood samples (1-1.5 méde collected from the caudal

vein of each fish using heparinized 3-mL syringefole and after the transporting procedure.
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This caudal vein is commonly used for the collettad blood samples in many species of
fish, but because of the proximity of the vein to artery, samples are often mixtures of
venous and arterial blood (Sladky et al. 2001; eyt al. 2010). The blood samples were
kept in ice. The following variables were measunsihg a clinical analyzer (OMNI C 2413,
Roch&, Rio de Janeiro, RJ, Brazil): pHvO,, PVCO,, hematocrit (Hct) and HCO The
temperature of the clinical analyzer is commonlyG7but to determine blood gases, it was
corrected to water temperature (20°C) with the mgdion that ambient water temperature
and individual fish body temperatures were equival@anley et al. 2010). In addition,
Howell et al. (1970) reported that ectoterm veréds, including fish, maintain an acid-base

balance despite changes in body temperature.

Statistical analyses

All data are expressed as meaSEM. Homogeneity of variances among treatments
was tested with the Levene test. Data exhibited dgemeous variances, so comparisons
between different treatments and times were maihg ushe-way ANOVA and Tukey's test.
Analysis was performed using the software Statistier. 5.1 (StatSoft, Tulsa, OK), and the

minimum significance level was set at P < 0.05.

Results

Water parameters and mortality

No mortality was recorded in any treatment follogvimansport. After transport, the
highest DO levels and lowest G@vels were found in the control and in the 10itof EO
L. alba treatment, respectively. Total alkalinity, pH aNdHs; levels in the water did not

exhibit any significant differences between thatngents at the end of transport. In addition,
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the TAN levels were significantly higher in the tah compared with the other groups.
Water hardness and temperature did not exhibit sigpificant differences between

treatments after transport (Table 1).

lon fluxes through transportation

The net N4 CI and K effluxes were significantly higher in fish frometrcontrol
treatment compared with fish in the other treatmeMoreover, the lowest net Gind K
effluxes were found for the treatments with 1.5t of eugenol and 10 and 20 p* EO of
L. alba, respectively. The net €afluxes did not show any significant difference ibeen

treatments (Fig. 1).

Blood parameters
The highestPvO,, P\CO, and HCQ values after transport were found in the
treatments with 3.0 pLt eugenol and 20 pL'LEO ofL. alba Blood pH was not affected

by treatments (Table 2).

Ventilatory frequency (VF)

The VF at 0 h was significantly lower in fish frothe control treatment compared
with the other treatments. The highest VF at OvBak found in the treatments with 3.0 ptt L
of eugenol and 20 uL L EO of L. alba After 1 h of exposure, there was no significant
difference between treatments, but at 2, 3 and thd,VF was significantly lower in all
treatments with anesthetics compared to the cotreatment.

In all treatments with anesthetic, there was aiggmt increase in the VF after 0.5 h

of exposure when compared with the other times. @@y in the control treatment, there
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was a significant decrease in VF in the first maléir. VF remained constant at the other times

(Table 3).

Discussion

The lethal concentrations (96 h) of TAN and Nidr silver catfish in normoxic
conditions (total hardness: 20 mg Ca@d; 25 °C) are 7.73 and 0.44 m{ Lrespectively, at
pH 6.0 (Miron et al. 2008). Total ammonia and Jdidels were much lower at the end of the
transport in the present study than lethal valliegrefore, silver catfish could be transported
for a longer period without problems due to ammadnidcity under the conditions used in
these experiments (weight of 300 g, density of 28pL™, transported by 4 h). The TAN
excretion by silver catfish transported in our stuchs 7.92 mg K§ fish h*, about 2.36-fold
lower than reported by Carneiro et al. (2009) (&88m6g kg* fish h*) with silver catfish
(weight of 20 g, loading density of 150 ¢ Ltransported by 4 h). This result was expected
because ammonia excretion decreases with increisinghass in silver catfish (Bolner and
Baldisserotto 2007).

In our study, the DO levels after 4 h of transstift remained within a safe range for
silver catfish (control group - 7.63 mg*L (Braun et al. 2006) because pure oxygen was
added to the plastic bags. Oxygen consumption oxerlthan observed by Golombieski et
al. (2003) for the transport of silver catfish tbh (weight of 1.0-2.5 g, loading density of 168
g LY. Silver catfish could reach stage 4 of anesthegien exposed to concentrations
between 20 and 50 pL'Lof eugenol and above 100 pL* [lequivalent to 80 mgt) EOL.
alba within 15 min (Cunha et al. 2010a, b). This stegeharacterized by the loss of reflex
activity (i.e., reduction in the opercular movemantd by a lack of reaction to strong external
stimuli (Schoettger and Julin 1967). The anesthadimcentrations used in fish transport must

induce, at most, stage 2 of anesthesia (stageepf siedation). Partial loss of equilibrium and
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lack of reaction to external stimuli are observedthis stage. Largemouth black bass,
Micropterus salmoidesexposed to MS-222 (tricaine methanesulfonatewsldoenhanced
survival and a reduction in stress parameters rfidaglucose and corticosteroids decreased
and plasma chloride and osmolality increased) duitiansport compared to fish transported
in water without this anesthetic (Carmichael et1#84). Moreover, the use of benzocaine
hydrochloride (25 mg 1) on Mozambique tilapiaOreochromis mossambiguseduced
oxygen consumption at about 1/3 and decreased araraod CQ excretion (Ferreira et al.
1984). In the fry of the Indian cafpatla catlg Labeo rohitaandCirrhinus mrigala(0.09 mg
L™, this treatment also decreased JNékcretion (Singh et al. 2004). Park et al. (2009)
suggested that lidocaine hydrochloride at concéatrs of 5, 10 or 20 mgt decreased the
metabolic activity of flounderPleuronectes americanudecause this substance reduced
ammonia excretion (about 27.4-30.5%) and oxygensuwoption (about 82.7-86%)
compared with a control group after 5 h transporet

Eugenol and EO df. albain the water used in transport reduced ammonigetro
by silver catfish during transport. These findirge in agreement with those reported by Guo
et al. (1995) and Park et al. (2009). These studiasd that the overall reduction in ammonia
excretion could be directly related to a decreagbe metabolic rate produced by anesthetics.

Stress conditions such as transport and handlimgease gill blood flow and
paracellular permeability. In freshwater fisheg thsult of these changes is ionic loss (Cech
Jr. et al. 1996; McDonald et al. 1991). Common bak been added to the water used in
transport to reduce the osmotic gradient betweenwtliter and fish plasma. This treatment
produces positive results in several species (Baatad Peter 1982; Carneiro and Urbinati
2001) but not in silver catfish (Gomes et al. 1980)n pirarucuArapaima gigagjGomes et
al. 2006b). In the present study, eugenol and t@eoEL. alba in the water of transport

reduced ion loss in silver catfish. This effect yasbably the result of lower gill blood flow
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that occurred because the fish were less agitMedeover, Cunha et al. (2010a, b) reported
that the cortisol levels did not increase in sihaatfish subjected to handling while
anesthetized with eugenol or EOlofalba In addition, other studies (Guo et al. 1995; 8ing
et al. 2004; Park et al. 2009) also reported thatanesthetics used for fish transport reduce
agitation and fish stress.

The blood pH values found in the present studyaneigss of treatment, were similar
to or slightly lower than those reported for tamiiagxposed to different water pHs (Wood et
al. 1998); red pacuPfaractus brachypomisxposed to MS-222 and eugenol at 50, 100 and
200 mg L* (Sladky et al. 2001); and yellow perdpefca flavescenswalleye pike and koi
(Cyprinus carpid anesthetized with MS-222 (150 mgf)Land buffered with NaHC§(75 mg
L) (Hanley et al. 2010). The blood gas valuesQ,, PVCO, and HCQ) before transport
were similar to or lower than those reported byeostudies (Sladky et al. 2001; Souza et al.
2001; Hanley et al. 2010).

Exposure of silver catfish to eugenol or EQLoflba apparently decreased metabolic
rate because fish presented significantly lower ameexcretion, VF (through all transport
time) and net ion loss. However, DO and carbon idexevels in the water of transport of
silver catfish transported with both anestheticsrewsignificantly lower and higher,
respectively, than in the water of transport oftoalrfish, indicating the opposite: an increase
in metabolic rate through transport. A possiblelaxation to these conflicting results would
be that eugenol and EO &f alba would not reduce metabolic rate but would decrease
ammonia excretion. This lower ammonia excretion Momduce an increase in plasma
ammonia levels. High plasma ammonia levels didchaingePaO, but increase#aCO, and
plasma HC@ in rainbow trout (Zhang and Wood 2009), and sirylasilver catfish
transported in water with 3 uL'Leugenol or 20 pL £ EO ofL. alba exhibited the highest

values ofPVCO, and HCQ' in the blood at the end of transportation. Newddss, plasma
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ammonia was not measured in the present experiraadtaccording to Zhang and Wood
(2009), high plasma ammonia induced hyper-ventifain rainbow trout, which was not
observed in silver catfish. Additional experimeats necessary to explain these results.

In the present study, the Hct values (26—33%) wandar to those found by Carneiro
et al. (2009) in the same species (Hct: 27-30%#. Hitt values decreased after transport but
showed no significant differences between treatmehtansport procedures are examples of
conditions that can produce stress. Such streskl amcrease Hct. These considerations
suggest a hemodilution caused by osmoregulatotyrdence (Houston et al. 1996; Morgan
and lwama 1997).

In conclusion, on the basis of the findings regagdivater (TAN) and osmoregulatory
indicators obtained by the present study, our tesuwiggest that the use of eugenol and EO of
L. albais advisable for the transport of silver catfigtuditional experiments using higher
loading densities would also be of interest in ortle assess the importance of these

anesthetics in more stressful situations.
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Figure Caption

Fig. 1 Net ion (N&, CI, K" and C&") fluxes measured for the transport of silver shtfin
plastic bags with eugenol and the essential ollippia albaadded to the water. Values are
means * SEMDifferent lettersindicate significant differences between treatradot the

same ion (P<0.05).



Table 1 Water parameters before and after transport (4 B)\@r catfish in plastic bags with eugenol ahd essential oil ofippia albaadded to the

water.
Afttransport
Water parameter Before transport (treatments)
Control Eugenol Eugenol L. alba L. alba
(1.5 pl LY 3.0l LY (10 pl LY (20 pl LY
Dissolved oxygen 12.27+0.20 7.63+£0.46*a 6.581€h 5.55+0.83*b 7.77+0.52*a 6.12+0.61*b
Carbon dioxide 12.56+0.41 40.51+1.09*c 56.7261al 57.55+£0.53*a 49.63+1.06*b 55.26+0.61*a
Alkalinity 18.60+1.12 27.70+0.90*a 25.50+1.00*a 27.2686a 25.80+0.90*a 26.20+0.80*a
Water hardness 29.46+1.78 29.60+1.90a 30.7041.80 29.80+2.10a 29.30+1.70a 32.00+1.90a
pH 6.78+0.07 5.90+£0.08*a 5.77+0.07*a 5.80+0205 5.91+0.07*a 5.83+0.06*a
Temperature 20.10+£0.25 20.60+0.32a 20.49+0.27a 0.5320.34a 20.61+0.36a 20.57+0.26a
Total Ammonia Nitrogen 1.254+0.11 5.36+0.26*a 6£6.24*h 4.37+0.25*b 4.40+0.25*b 4.44+0.21*b
Un-ionized ammonia 0.0030 0.0018*a 0.0010*a 0.0011*a 0.0015*a 0.0012*a

Values are means + SEM. Asterisks indicate sigaificifferences when compared to values beforespi@m (P < 0.05). Different letters in the rowsigade significant

differences between treatments after transport Qf0S). Dissolved oxygen, carbon dioxide, total amia nitrogen and un-ionized ammonia were expreasedg N L.

Alkalinity and water hardness were expressed a€a@Q L™



Table 2Blood parameters before and after transport oésibatfish in plastic bags with eugenol and themtsal oil of Lippia albaadded to the water

39

After transport

Blood parameter Before transport (treatments)
Control Eugenol Eugenol L. alba L. alba
(1.5 ul Y 3.0l LY (10 pl LY (20 pl LY
pH 7.33£0.07 7.24+0.03a 7.24+0.06a 7.25+0.05a 0Dha 7.27+0.03a
PVO, (mm Hg) 8.99+0.54 16.47+0.68*b 14.25+0.61*b 22.680*a 15.24+0.82*b 20.53+1.13*a
PVCO, (mm Hg) 11.54+1.33 23.81+0.51*b 21.48+0.66*b 2H273*a 23.07+0.91*b 27.10+£0.75*a
Hct (%) 32.64+0.84 26.16+1.25*a 28.09+1.00*a 26 4p%*a 27.72+1.00*a 26.56+0.62*a
HCO; (mmoL LY 7.35+0.36 12.05+0.14*b 12.41+0.41*b 14.07+0.16*a 12.87+0.12*b 14.82+0.33*a

Values are means + SEM. Asterisks indicate sigaificifferences when compared to values beforespi@m (P < 0.05). Different letters in the rowsigade significant

differences between treatments after transport gR0%).
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Table 3 Ventilatory frequency (opercular or buccal moversantri’) measured in silver catfish maintained in watehwveiugenol and the essential oil of

Lippia alba
Treatments
Time of exposure (h) Control eugenol eugenol L. alba L. alba
(1.5 pl Y (3.0 ul LY (10 pl LY (20 pl LY
0 93.02+1.02Ba 101.61+1.04Ab 100.42+1.34Ab 1010482Ab 105.26+0.69Ab
0.5 81.24+0.44Chb 111.94+0.58Ba 126.58+0.35Aa 1661 H1Ba 121.95+0.21Aa
1 72.16+0.44Ac 76.58+0.60Ac 77.77+x0.70Ac 67.30xB05 71.30£0.75Ac
2 65.25+0.88Ac 53.52+0.78Bd 51.77+0.28Bd 51.06:Bd5 53.31+1.05Bd
3 61.60+£1.20Ac 47.83+0.57Be 45.37+1.66Be 43.23:Be05 42.55+0.86Be
4 68.03+1.17Ac 45.75+£0.67Be 42.18+1.76Be 41.724Be95 43.37+0.81Be

Values are means + SEM. Different capital lettarthie rows indicate significant differences betwaeatments in the same time (P < 0.05). Diffetewercase letters in

the rows indicate significant differences betweaeres in the same treatment (P < 0.05).
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Abstract

This study investigated four different extractsGuzindalia buxifoliaas silver catfish
anesthetic, and also the effectiveness of eugembhgethanolic extract (ME) &. buxifolia
for using during transport of this species. Infirg experiment, fish of two different weights
(1.50 £ 0.02 g and 165.70 £ 22.50 g) were transteo aquaria containing water with
extracts ofC. buxifolia at concentrations in the 0 — 3@ L™ range. In the second
experiment another group of fish (12.01 + 1.73@2T = 1.85 cm) was transported for 12 h
in fifteen plastic bags divided in five treatmentsntrol, 1 or 2.5.L L™ of eugenol and 25 or
50 uL L™ of ME of C. buxifolia The ME ofC. buxifoliaat concentrations in the 0.5 — 120
L range caused only light sedation. The dissolvedjeryevels were lower in the treatments
1 uL L™ of eugenol and 2BL L™ of ME of C. buxifoliaand the un-ionized ammonia levels
decreased in the treatments with anesthetic. Meredhe anesthetic and sedative agents
decreased of NaCl and K fluxes and, therefore, the addition of both to water transport

Is advisable because they reduced fish mortalityian loss.

Keywords:anaesthesia, ion fluxes, sedative, fish transport
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1. Introduction

The use of new substances that allow the induafosome kind of sedation or even
deeper levels of anesthesia in fish has been mtiestudied (Gilderhus & Marking 1987;
Soto & Burhanuddin 1995; Anderson, Mckinley & Cadachia 1997; Iversen, Finstad,
Mckinley & Eliassen 2003; Facanha & Gomes 2005; I@unBarros, Garcia, Veeck,
Heinzmann, Loro, Emanuelli & Baldisserotto 2010a)these studies, researchers looked for
compounds of easy acquisition and low cost tofasimers, and that do not present risk to the
health of fish and manipulators. This is importaetause any stimulus presented to a fish can
change behavior and physiology, which are refleatetbss food intake and consequently,
delayed growth and mortality.

Plant extracts or essential oils seem to be a &ialiernative as anesthetics for fish,
taking into account the high costs and difficultiésobtaining chemical products used for this
purpose (Facanha & Gomes 2005). Eugenol [(2-metdef@+propenyl) phenol), the major
component in clove oil (70-90% of weight)] or cloeé have been used, as anesthetic, in
several studies with native Brazilian fishes (Inodes Santos Neto & Moraes 2003; Inoue,
Afonso, lwama & Moraes 2005; Roubach, Gomes, Fansed/al 2005; Vidal, Albinati,
Albinati & de Mecédo 2006; Vidal, Albinati, Albinatde Lira, de Almeida & Santos 2008;
Barbosa, Moraes & Inoue 2007; Gongalves, Santosghdes & Takahashi 2008; Honczaryk
& Inoue 2009; Cunha, Garcia, Loro, Fonseca, Emdinuéteck, Copatti & Baldisserotto
2010b). Moreover, this anesthetic is listed in #BA category of materials “generally
regarded as safe” (Ross & Ross 2008). Becauses dgdfficacy, low price, no withdrawal
period and lack of negative effects on fish feedieggenol, clove oil and iso-eugenol have

been considered as “modish anesthetics” of choitha aquaculture industry (Harper 2003).
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However, eugenol impairs the flavor of silver cgttfiRhamdia quelerfillet, and therefore its
use is not recommended immediately before slaug@ianhaet al. 2010b).

The treeCondalia buxifoliaReissek (Rhamnaceae) is found mainly in South Araer
(Brazil, Uruguay and Argentina) (Bastos 1989) arslualy regarding its chemistry identified
some peptide alkaloids in its root bark (Morel, &m Silva, Hoelzel, Zachia & Bastos 2002).
Peptide alkaloids possess a variety of biologiazlviies, including sedative (El-Seedi,
Zahra, Goransson, Verpoorte 2007).

The transport of live fish is a problematic faciar aquaculture. The success of
transporting fish depends on many factors includimg duration of transportation, water
parameters, size, density and physical conditiotheffish, and duration of the depuration
period before fish transportation (Berka 1986; Gabdteski, Silva, Baldisserotto & Silva
2003; Carneiro, Kaiseler, Swarofsky & Baldisserof009; Becker, Parodi, Heldwein,
Zeppenfeld, Heinzmann & Baldisserotio pres3. The most usual system of juveniles
transportation in Brazil is the closed system ugphgstic bags and the limitations of this
system are the supply of oxygen and the build-upromonia and carbon dioxide produced
during transport (Gomes, Golombieski, Chippari-GerieBaldisserotto 1999; Golombieski
et al. 2003; Gomes, Araujo-Lima, Chippari-Gomes & Roub&@flo6a; Gomes, Chagas,
Brinn, Roubach, Coppati & Baldisserotto 2006b; @amet al. 2009; Beckeet al.in press.

The use of anesthetics during fish transportatias leing proposed to reduce stress
responses (Guo, Teo & Chen 1995; Ineti@l. 2005; Azambuja, Mattiazzi, Riffel, Finamor,
Garcia, Heldwein, Heinzmann, Baldisserotto, Pawan&t Llesuy 2011; Cunha, Silva,
Delunardo, Benovit, Gomes, Heinzmann & Baldisserd011; Beckeret al. in press.
Monitoring physiological parameters during transgtion can provide valuable data for the
establishment of adequate management practices, fevesituations where there is fish

mortality (Sulikowski, Fairchild, Rennels, Howell 8sang 2005).
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Studies of transport of silver catfisRhamdia quelenevaluated different times,
loading densities and temperatures (Golombieshkil. 2003), salt concentrations in the water
of transport (Gome®t al. 1999); different loading densities (Carneeb al. 2009), and,
recently, the effectiveness of eugenol (1.5 on®.@ %) and essential oil df. albaduring the
transport, considering some blood and water paemsiesurvival and ionoregulatory balance
(Beckeret al.in press.

The aim of this study was to evaluate extractsCofbuxifolia as silver catfish
anesthetics and to evaluate the time to inductimhracovery from anesthesia. Moreover, it
investigated the effectiveness of eugenol and of ®MEC. buxifolia for using during the
transport of silver catfish, through the followimgdicators: water parameters, survival and

ionoregulatory balance.

2. Material and Methods

2.1. Animals

Specimens of silver catfish of two different weglit.50 + 0.02 g and 165.7 £ 22.5 Q)
were purchased from the fish farm and transpodedte Laboratory of Fish Physiology at the
Universidade Federal de Santa Maria, where theyeweaintained for two weeks in
continuously aerated 250 L tanks (temperature 231G: pH 6.8 + 0.5; dissolved oxygen 6.5

+ 0.8 mg LY. Juveniles were fasted for 24 h prior to the expents.

2.2. Plant material
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Freeze-dried bark o€ondalia buxifolia(2.2 kg) was extracted with MeOH in a
Soxhlet extractor. The solvent was evaporated unetfuced pressure to obtain 430 g of a
dark viscous residue (methanolic crude extract ).MEportion of this extract (100 g) was
dissolved in water (500 mL) and extracted succe$gsiwith n-hexane (3 x 0.5 L),
dichloromethane (3 x 0.5 L) and ethyl acetate (B85 L), furnishing the following fractions
with respective yields: n-hexane (10 g), dichlortmee (7 g) and ethyl acetate (5 g). The
identification of the botanical material was penf@d by comparisons with existing samples

in the herbarium of the Departamento de BiologicBWHSMDB3296).

2.3. Experiment I. Anesthesia induction and recover in fish exposed to extractsC.
buxifolia

After the adaptation period to laboratory condisipfish were transferred to aquaria
containing 1L of water and ME &. buxifoliain the follow concentrations: 0, 0.5, 1.0, 2.0,
3.0, 4.0, 5.0, 10, 30, 50, 80, 120 and 300 [fL(firstly diluted in ethanol in the proportion
1:10). Previous analysis demonstrated that ethainitle concentrations tested did not induce
sedation or anesthesia in silver catfish (Cuethal. 2010a). The time for anesthesia induction
was evaluated according to Schoettger & Julin (J96@ble 1). The maximum observation
time was 30 min. The same procedure was used to hesane, ethyl acetate and
dichloromethane extracts. Fish exposed to the ME.dbuxifoliaat 1.0 — 50 pL L, were
observed for 6 h to analyze if sedation would egdly anesthesia. After induction, juveniles
were transferred to anesthetic-free aquaria to omeaanesthesia recovery time. Twenty

juveniles were used for each concentration testeldeach juvenile was used only once.

2.4. Experiment Il: Transport
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Another group of fish (12.01 £ 1.73 g, 10.27 + 1dB) was captured from a cage net
inside an earth pond at a fish farm near Santaaviaty, Southern Brazil. Fish did not go
through a depuration period because this procedliteough recommended (Amend, Croy,
Goven, Johnson & McCarthy 1982), is not followednhgst fish producers in southern Brazil
(Golombieskiet al. 2003). Fish were transported at a loading demsity86.7g L* for 12 h in
fifteen plastic bags with 1.5 L of water and 3 Lmfre oxygen, and they were divided into
five treatments (three replicates each). Thesenteyats were as follows: control; 1.0 or 2.5
uL L™ of eugenol (Odontofarm¥, Porto Alegre, Brazil) (equivalent to 1.0 or 2.5 o,
respectively, because the density of this anestiet@bout 1.06) and 25 or 50 L™ of the
ME of C. buxifolia (both first diluted in ethanol; 1:10). The trangptime was defined
considering that the maximum transport time utdiz®y producers from Rio Grande do Sul
state (Brazil) is 12 hours. The loading densityduse this study was higher than the
maximum recommended to silver catfish (168 (Golombieskiet al. 2003) to expose fish

to a very stressful situation and determine thigatly of the substances used.

2.5. Water sampling and analyses

Water parameters were measured before and aftesptvaation. Dissolved oxygen
(DO) and temperature were measured with an YSI exygeter. The pH was verified with
DMPH-2 pH meter. Nesslerization verified total ammaonitrogen (TAN) levels according to
the method of Eaton, Clesceri, Rice & Greenber@%20Un-ionized ammonia (N}l levels
were calculated according to Colt (2002). Waterdhass was analyzed by the EDTA
titrimetric method. Alkalinity was determined acdorg to Boyd & Tucker (1992). Carbon

dioxide (CQ) was calculated by the method of Wurts & Durbo@@92).

2.6. lon fluxes
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Water samples (5 mL) were collected before and &fé@sportation. Chloride levels
were determined according to Zall, Fisher & Gar(956), and Naand K levels were
determined with a B262 flame spectrophotometernd&ted solutions were made with
analytical-grade reagents dissolved in deionizetesvand standard curves of each ion to be
tested were made for five different concentratidvet ion fluxes were calculated according
to Gonzalez, Wood, Wilson, Patrick, Bergman, NaraléaVal (1998):

Jnet = V([ion], — [ion],) x (M x t)-1,
where [ion} and [ion} are the ion concentrations in the water of trartspbthe beginning
and end of the transport period, respectively, Yheswater volume (in L), M is the mass of

the fish (in kg) and t is the duration of the tqamd (in h).

2.6. Statistical analyses

All data are expressed as meaSEM. Homogeneity of variances between treatments
was tested with Levene test. Data exhibited homegeas variances, so comparisons among
different treatments and times were made usingvaaeANOVA and Tukey’s test. Analysis
was performed using the software Statistica vé), &xd the minimum significance level was
set at P < 0.05. The relationship between the toneeach the stage of sedation and the
concentration of the ME . buxifoliawas calculated with the Sigma Plot 11.0 softw&re (

0.05).

3. Results

3.1. Anesthesia induction and recovery in fish exped to extracts ofC. buxifolia

Silver catfish exposed to the hexane, ethyl acetatedichloromethane extracts ©f

buxifolia did not present any evidence of sedative or améstleffects during the 30-min
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evaluation period. The ME dE. buxifoliaat concentrations in the 0.5 — 120 pl lange

caused only light sedation (stage 1) in silver ishtfof both weight tested. Higher
concentrations did not alter silver catfish behawiithin the 30-min evaluation period, and
no difference was observed in the response toetttimct between the two weight groups. It
was also observed that in fish exposed to condanisaof the ME ofC. buxifoliahigher than

10 pL L%, the time to induce sedation increased as corat@mirincreased (Figure 1). Silver
catfish exposed to 1.0 — 50.0 pI* ME of C. buxifoliafor 6 h maintained a uniform depth of

sedation, i.e., remained in stage 1.

3.2. Water parameters and mortality

After transport, the highest mortality was obseniadthe control followed by
treatments 1 pL t of eugenol and 25 pLtof ME of C. buxifolia On the other hand, the
lowest mortality was observed in the treatmentg2.3.™ of eugenol and 50 pLtof ME of
C. buxifolia(Figure 2).

The treatments 1 pLtof eugenol and 25 pLtof ME of C. buxifoliaexhibited the
highest DO levels in the water after transpartaddition, the lowest COand TAN levels
were found in the water of control groupotal alkalinity, water hardness levels and
temperature in the water did not exhibit any sigarft differences among treatments at the
end of transport. In addition, pH and Bfevels were significantly higher in the control

compared to the other groups (Table 2).

3.3. lon fluxes through transportation
The net N4 CI and K effluxes were significantly higher in fish frometicontrol

treatment compared with fish in the other treatmektoreover, the lowest net NeCI' and
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222 K" effluxes were found for the treatments with 1 jit.df eugenol and 25 pLt.of ME of C.
223  buxifolia (Figure 3).

224

225 4. Discussion

226

227 4.1. Anesthesia induction and recovery in fish exped to MEC. buxifolia

228 Anesthetics are useful to reduce or minimize sttesBsh. Several substances and
229 combinations of substances such as alcohol, etharbiturics, quinaldine, tricaine
230 methanesulfonate (MS 222), chlorbutanol, and bexinec have been used to induce
231 anesthesia in fish, presenting undesirable systesidie effects and limited safety margins
232 (Gilderhus & Marking 1987).

233 Silver catfish were slightly sedated with the ME @f buxifolia and there was no
234 induction of anesthesia even after six hours. & wat possible to verify the recovery time of
235 the ME ofC. buxifolig as there was no anesthetic effect. Consequenéyyse of this extract
236 as a sedative rather than an anesthetic is sugig@ste best concentration range of the ME of
237 C. buxifoliaseems to be 0.5 — 10 pL*Lbecause higher concentration levels increased the
238 time of sedation for both weight classes of silvatfish. In addition, this extract is very safe
239 because even a concentration 30-fold higher tharmmaximum concentration recommended
240 did not provoke mortality.

241 As the fractions of ME ofC. buxifolia did not present any sedative or anesthetic
242 effects when tested separately, apparently thetedfeME is not due to a specific compound
243 (that would have been separated in at least onkeofractions), but to the synergism of its
244  compounds. There are no studies regarding the ggneiof compounds to anesthetize fishes,
245  but the same principle can be found in some istlatenponents from the essential oil of two

246 species oOcimumthat exhibited either low or no insecticidal aityiyand became potently
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toxic when blended together (Bekele & Hassanali 1200rhe antimicrobial nature of
Filipendula vulgarisessential oil can also be attributed to the sysgcginteractions of the
compounds constituting the oil rather than to tlmespnce of a single inhibitory agent
(Radulove, Misi¢, Aleksic, bokovi¢, Pal¢c & Stojanovt 2007). Another interesting effect is
that the time to reach the stage of slight sedaticreases in silver catfish exposed to the
higher concentrations of the ME 6f buxifolia Again, there is no similar results regarding
fish anesthetics, but some interactions betweemtplaompounds revealed a clear
concentration-dependent interaction. For exampléhe minimal inhibitory concentrations
were applied, the combination of essential oilsinphamon and clove exerted an antagonistic
effect on the growth of some Gram-negative bacte@a the other hand, when the
concentrations of maximal inhibition were used aesyistic effect could be observed for the
Gram-positive bacteria and, therefore, this res@vealed a concentration-dependent
interaction (Gofii, Lopez, Sanchez, Gomez-Lus, Bdc&rNerin 2009). It is possible that a
concentration-dependent interaction occurs with dbepounds of the ME of. buxifolia

regarding its sedative effect in silver catfish.

4.2. Transport experiment: water parameters, survial and ionoregulatory balance

In this study, at the end of the transport, theas significantly higher mortality in the
control when compared to the other treatments. éfbex, these results confirm that the
anesthetics added in the water transport reducethlity of silver catfish maintained in the
experimental conditions reported in this study.

The lethal concentrations (96 h) of TAN and Nfdr silver catfish in normoxic
conditions (total hardness: 20 mg Cadd; 25°C) are 7.73 and 0.44 mg'|.respectively, at
pH 6.0 (Miron, Moraes, Becker, Crestani, Spaneydloro & Baldisserotto 2008). Total

ammonia and NEllevels were much lower at the end of the transipditie present study than
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lethal values. In addition, exposure to high watene NH; (0.1 mg ') and low DO (3.5 mg
L™Y) levels for 6 and 24 h caused ionoregulatory charig this species (Becker, Garcia,
Kochhann, Gongalves, Loro & Baldisserotto 2009)erEffore, low DO levels and high NH
levels found in the control treatment could prolgadstplain the increase of mortality in this
group.

In the present study DO levels after transport wegey low and near the lethal
concentration for silver catfish (Brawet al. 2006). In addition, oxygen consumption was
lower and higher than observed by Golombiestkal. (2003; weight of 1.0-2.5 g, loading
density of 168 g I; transported for 6 h) and Becketral. (in press weight 301.24 g, loading
density of 169.2 g £; transported for 4 h), respectively, with the sapecies. This pattern
was expected because there is a decline in metataik per unit of body mass with the
increase of total body (Bolner & Baldisserotto 2007

The specimens of silver catfish exposed to conagatrs between 20 and 70 it bf
eugenol could reach stage 2 of anesthesia witf@waninutes (Cunhat al. 2010b). On the
other hand, silver catfish exposed for 6 h to catregions between 1 and 50 pL* bf ME of
C. buxifoliamaintained a uniform sedation — remained in stagBuring fish transporting,
the anesthetic concentrations must induce, at nstage 2 of anesthesia (stage of deep
sedation, which are observed a partial loss oflibguim and lack of reaction to external
stimuli). Carmichael, Tomasso, Simco & Davis (1982ported an enhanced of survival and a
reduction of stress parameters (plasma glucosecamidosteroids decreased and plasma CI
and osmolality increased) during transport of largath black bassvlicropterus salmoides
in water with MS-222. Moreover, the use of benzoediydrochloride (25 mg 1) on
Mozambique tilapiaOreochromis mossambiguseduced oxygen consumption at about 1/3
and decreased ammonia and,@Rcretion (Ferreira, Schoonbee & Smith 1984). ddhdition

of 2-phenoxyethanol to the water of transport (ahf 220 mg ) was effective in avoiding
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mortality in guppiesPoecilia reticulata transported at higher loading densities anddag|
periods of time (Teo, Chen & Lee 1989). In additifvg of the Indian carCatla catla Labeo
rohita and Cirrhinus mrigala also exposed to 2-phenoxyethanol (0.09 iy éxhibited a
decreased NHexcretion (Singh, Vartak, Balange & Ghughuskar 0@®ark, Park, Hur,
Kim, Chang, Kim, Park & Johnson (2009) suggestedt tidocaine hydrochloride at
concentrations of 5, 10 or 20 mg*Ldecreased the metabolic activity of flounder,
Pleuronectes americanubecause this substance reduced ammonia exc(atiout 27.4 to
30.5%) and oxygen consumption (about 82.7 to 8G&8)pared with a control group after 5 h
transport time.

The increase of COlevels observed in all treatments at the end lksicatfish
transport probably was responsible for the decreasater pH, as observed in Golombieski
et al. (2003) and Beckeet al. (in presg. Alkalinity levels, regardless of the treatment,
increased after transport probably due to regusgitdood, because the fish did not go
through a depuration period and the commercial fgigdn to the fish had calcitic limestone
(CaCQ) in its composition. Similar results were found Gplombieskiet al. (2003) and
Beckeret al. (in press.

Transport and handling operations are stressfuatsitns that can increase ion loss in
freshwater fishes by the increase of gill bloodivland paracellular permeability (Cech Jr.,
Bartholow, Young & Hopkins 1996; McDonald, CavdekElis 1991). In the present study,
eugenol and ME o€. buxifoliain the water of transport reduced ion loss inesileatfish.
These results were similar to those found by oseaech group with the same species with
1.5 or 3.0 pL [* of eugenol and 10 or 20 pL'Lof the essential oil df. albaadded to the
transport water during 4 h (Becket al. in press. In addition, other studies reported that

anesthetics used for fish transport reduced agitand fish stress (Guet al. 1995; Singret
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al. 2004; Parket al. 2009). Therefore, eugenol and ME ©f buxifolia might have sedated
silver catfish during the transport and reducing lmss.

The obtained results allow concluding that the loesicentration range of ME &.
buxifolia is 0.5 — 10 pL L[}, because higher concentration levels increasee tifrsedation.
Moreover, the addition of the anesthetic and sedatgents to the water transport is advisable

because they reduced fish mortality and ion loss.
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519 Table 1.Stages of anesthesia in fish (from Schoettgerl|8a 11967).

520
Stage Description Behavioural response
1 Light sedation Partial loss of reaction to exaéstimuli
2 Deep sedation Partial loss of equilibrium, nactiea to external stimuli
3a  Total loss of equilibrium Fish usually turn obert retain swimming ability
3b  Total loss of equilibrium Swimming ability stopat responds to pressure on the
caudal peduncle
4 Anesthesia Loss of reflex activity, no reactiorstrong external stimuli
5 Medullary collapse (death) Respiratory movement ceases (death)
521
522
523
524
525
526
527
528

529
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1 Table 2. Water parameters before and after transport (1&f sjlver catfish in plastic bags with eugenol ahd methanolic extract d€ondalia

2 buxifoliaadded to the water.

After transport

Water parameter Before paomt (treatments)
Control eugenol eugenol C. buxifolia C. buxifolia
(QpLL? (2.5pL L™ (25uL LY (50puL L™
Dissolved oxygen 5.60+0.06 1.46+0.06*d 2.22+0.09*a 1.73+0.04*c 2.22+0.04*a 1.97+0.04*b
Carbon dioxide 4.86+0.11 51.04+1.33*c 85.07+1.12*a 78.48+1.27*b 79.04+1.77*b 76.60+2.13*b
Alkalinity 24.7+0.5 43.0+£0.5*a 45.2+1.3*a 41.7+0.8*a 42.0+@&5* 40.7£2.7*a
Water hardness 21.6+0.5 26.5+£0.5%a 28.0£0.5%a ABDA 26.5+0.5*a 26.5+0.5*a
pH 6.98+0.09 6.21+0.05*a 6.04+0.04*b 6.05+0.04*b 030.05*b 6.03+0.06*b
Temperature 23.1+0.2 28.1+0.3*a 28.1+0.2*a 28.1%0.2 28.1+0.2*a 28.1+0.3*a
Total Ammonia Nitrogen 0.10+0.02 5.25+0.12*c 6.1280a 5.73+0.09*b 5.58+0.09*b 5.66+0.10*b
Un-ionized ammonia 0.0005 0.0060*a 0.0047*b 0.0@45* 0.0042*b 0.0043*b

Values are means + SEM. Asterisks indicate sigaifidifferences when compared to values beforespiam (P < 0.05). Different letters in the

3
4 rows indicate significant differences between tresits after transport (P < 0.05). Dissolved oxyaed carbon dioxide were expressed as fhg L

> O

and total Ammonia Nitrogen and un-ionized ammonéaenexpressed as mg N.lAlkalinity and water hardness were expressed@€aCQ L™,
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Figures captions

Figure 1. Time to reach the stage of light sedation in siketfish juveniles of two different
weight classes exposed to the methanolic extracCaidalia buxifolia The following
equations were fitted to the data:

For fish weighing 1.50 £ 0.02 g

y = 209.629 &01°x

r’ =0.996

For fish weighing 165.7 £ 22.5 g
y = 2039.020 ¥0+7*

r> =0.999

where x = concentration of the methanolic extrdc€obuxifolia(uL L) and y = time for

sedation(s).

Figure 2. Mortality after transporiof silver catfish in plastic bags with eugenol ahe
methanolic extract offondalia buxifoliaadded to the water. Values are means = SEM.

Different letters indicate difference significargtiveen the treatments (P < 0.05).

Figure 3. Net ion (Nd, CI' and K) fluxes measured for the transpoift silver catfish in
plastic bags with eugenol and the methanolic extvh€ondalia buxifoliaadded to the water.
Values are means + SEM. Different letters indicagmificant differences between treatments

for the same ion (P < 0.05).
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Abstract

This study investigated the effectiveness of trseeal oil (EO) olLippia albaand of
the methanolic extract (ME) ofondalia buxifoliafor use during the transport of silver
catfish, through the following indicators: blood darwater parameters, survival and
ionoregulatory balance. Silver catfidRhamdia quelen(420.1 £ 8.8 g, 21.2 £ 2.3 cm) were
transported at a loading density of 275.1°5ftr 6 h in fifteen plastic bags with 7 L of water
and 8 L of pure oxygen, and divided into five treants (three replicates each): control (no
compound added to the water); 30 or 40 iLof the EO ofL. albaand 5 or 10 pL Tt of ME
of C. buxifolia Before transportation fish were exposed to thedED. alba (200 pL L for
three minutes) or the ME dE. buxifolia (10 pL L* for five minutes). Water and blood
parameters were measured before and after tramsipart Waterborne total ammonia
nitrogen levels and net NaCl and K effluxes were highest in the control treatment and
lowest in fish transported with ME &. buxifolia added to the water. The highdstO,,
PVCO, and HCQ@ values after transport were found in fish transmbmwith 5 pL ' ME of
C. buxifolig followed by these transported with 40 pl* EO ofL. alba Moreover, plasma
cortisol levels were significantly higher in fisransported with 30 pL Lt EO of L. alba
added in the water than control fish. In conclustbe concentration of 30 pL'Lof EO ofL.
alba is not advisable for transporting silver catfidlgcause this concentration enhanced
plasma cortisol levels. However, 40 pL* bf EO ofL. albaand both concentrations of ME
C. buxifoliatested were effective in reducing waterborne tatamonia levels and ion loss
and are recommended for transporting this fishispec

Keywords:anaesthetics, blood gases, cortisol, ion fluxessport of fish
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1. Introduction

The closed system using plastic bags is the mastesy of freshwater fish
transportation, in Brazil, but has some limitatiosisch as the supply of oxygen and the build-
up of ammonia and carbon dioxide produced durirangport (Gomeset al. 1999;
Golombieskiet al. 2003; Gomeet al. 2006a, b; Carneiret al. 2009; Beckeet al.in press.
Several factors, such as duration of transportatisater parameters, size, density and
physical condition of the fish and duration of ttepuration period before fish transportation
can be determinant to success of this procedurek&B&986; Golombiesket al. 2003;
Carneiroet al. 2009; Beckeret al. in pres3. Some alternatives have been proposed to
minimize these problems, as the use of anesthécsuse they may reduce ion loss, plasma
cortisol levels, mortality and improve water pardeng (Barton & Peter 1982; Becket al.

2011in preparatior).

The essential oil (EO) dfippia alba (Mill.) N.E. Brown (Verbenaceae), an aromatic
shrub with important medicinal properties, is a nanesthetic whose action has been
established for silver catfisfRhamdia quelgnand slender seahorseEjppocampus reidi
(Cunhaet al. 2010, 2011). On the other hand, the methanolicaekt(ME) of Condalia
buxifolia Reissek (Rhamnaceae), a tree rich in peptide atlsaalthat possess a variety of
biological activities (El-Seedet al. 2007), caused only slight sedation in silver ecétfi

exposed to concentrations between 1.0-50.0 fifok 6 h (Beckeet al.in preparation.

Some studies regarding the transport of silveristath plastic bags were performed
(Gomeset al. 1999; Golombieskiet al. 2003; Carneiroet al. 2009), including the use
anesthetics added to the water transport (Azaméu. 2011; Becker et aln press in
preparatior). Beckeret al. (in press, evaluated the effectiveness of eugenol (1.50uB L°

) and of EO ofL. alba (10 or 20uL L™) considering same blood and water parameters,
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survival and ionoregulatory balance in silver citfiransported for 4 h. Moreover, in another
study, Beckeet al. (in preparatior) transported this species for 12 h with eugendl ¢t 2.5

uL L™ or ME of C. buxifolia (25 or 50uL L™) added to the water of transport and verified
the water parameters, survival and ionoregulatafgrice. Differently of the early studies, the
present study used a different methodology — pesthesia before transport, because, firstly,
aimed to avoid any mortality during transport, hessathe loading density was higher, and
second, to verify if the procedure of pre-anesthesimbined with sedation, during transport,

would result in improvement of the evaluated paranse

Therefore, the aim of this study was to investighte effectiveness of the EO bf
alba and of the ME ofC. buxifoliain transport of silver catfish through of the &lling

indicators: blood and water parameters, survivdlianoregulatory balance.

2. Material and Methods

2.1. Plant materials

L. alba was cultivated in S&o Luiz Gonzaga, Rio GrandeSdb State, Brazil. The
aerial parts of the plant were collected in Jan2&§6. The plant material was identified by
the botanist Dr. Gilberto Dolejal Zanetti, Departarto de Farmécia Industrial, UFSM, and a
voucher specimen (SMDB No. 10050) was depositetthenherbarium of the Departamento
de Biologia, UFSM.

The samples of. buxifoliawere collected in the Center-South region of theteSof
Rio Grande do Sul. The identification of the botahi material was performed by
comparisons with existing samples in the herbarmfirthe Departamento de Biologia-UFSM

(SMDB No. 3296).
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2.2. Essential oil of Lippia alba and methanolic eact of Condalia buxifolia extraction

Essential oil was obtained from the fresh leaves. @llba by steam distillation for 2 h
using a Clevenger-type apparatus. In this methuoel,distillate is collected in a graduated
glass tube and the aqueous phase is automatiealsed by returning it to the distillation
flask (European Pharmacopoeia 2007). The EO sam@es stored at -20°C in amber glass
bottles.

Freeze-dried bark o€ondalia buxifolia(2.2 kg) was extracted with MeOH in a
Soxhlet extractor. The solvent was evaporated unetfuced pressure to obtain 430 g of a

dark viscous residue (methanolic crude extract).

2.3. Experimental procedure

Silver catfish (420.1 + 8.8 g, 21.2 =+ 2.3 cm) weaptured from a cage net in a fish
farm. Fish did not go through a depuration pericecduse this procedure, although
recommended (Amenek al. 1982), is not followed by most fish producers authern Brazil
(Golombieskiet al. 2003). Fish were transported at a loading demdig75.1 g [* for 6 h in
fifteen plastic bags with 7 L of water and 8 L afr@ oxygen, and they were divided into five
treatments (three replicates each). These treasmeste as follows: control; 30 or 40 pl'L
of EO ofL. alba(equivalent to 24 or 32 mg. respectively, because the density of this EO is
about 0.80) and 5 or 10 uL'Lof ME of C. buxifolia (both firstly diluted in ethanol; 1:10).
Fish that were transported with 30 or 40 pt &f EO ofL. albawere anesthetized with this
EO (200 pL L[* for three minutes; as reported by Cuehal. 2010, this concentration induce
to the stage 2 of anesthesia within the time prep@bove), and those transported with 5 or
10 pL L* of ME of C. buxifoliawere sedated with this ME (10 pL'lfor five minutes; as
reported by Beckeet al.in preparation this concentration induce to the stage 2 of &ressh

within the time proposed above) before placingh@ plastic bags. Control fish were placed
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directly in the plastic bags. The transport timd aoncentrations of EO &f albaand of ME
of C. buxifoliawere chosen according to Cungéiaal. (2010) and Beckeet al. (in press,in
preparatior). Moreover, the concentrations of EO lof alba and of ME ofC. buxifolia
remained within a sedative safe range for silvéfista(Cunhaet al. 2010; Beckeeet al. in
preparatior), in order to avoid any mortality during transpdrt addition, the loading density

was chosen according to Carnegtaal. (2009).

2.4. Water sampling and analyses
Water parameters were measured before and aftespweation. Dissolved oxygen
(DO) and temperature were measured with an YSI enygeter. The pH was verified with

DMPH-2 pH meter.

Nesslerization verified total ammonia nitrogen (TARvels according to the method
of Eatonet al. (2005). Un-ionized ammonia (NHlevels were calculated according to Colt
(2002). Water hardness was analyzed by the EDTémstric method. Alkalinity was
determined according to Boyd & Tucker (1992). Carbmxide (CQ) was calculated by the

method of Wurts & Durborow (1992).

2.5. lon fluxes

Water samples (5 mL) were collected before and éfémsportation. Chloride levels
were determined according to Zatlal. (1956), and Naand K levels were determined with
a B262 flame spectrophotometer. Standard solutaese made with analytical-grade
reagents dissolved in deionized water, and stantlaxees of each ion to be tested were made
for five different concentrations. Net ion fluxeere calculated according to Gonzattzal.

(1998):
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Jnet =V ([ion}, — [ion]2). (M.t)?,
where [ion]; and [ion} are the ion concentrations in the water of trartspb the
beginning and end of the transport period, respelgti V is the water volume (in L), M is the

mass of the fish (in kg) and t is the durationhaf transport (in h).

2.6. Blood sampling and analyses

Blood samples (1-1.5 mL) were collected from thadeh vein of each fish using
heparinized 3-mL syringes before and after thesparting procedure. This caudal vein is
commonly used for the collection of blood samptesiany species of fish, but because of the
proximity of the vein to an artery, samples aresftnixtures of venous and arterial blood
(Sladkyet al. 2001; Hanleyet al. 2010). The blood samples were kept in ice. Thieiohg
variables were measured using a clinical analyzker: PvO,, PYCO,, hematocrit (Hct) and
HCQO;3. The temperature of the clinical analyzer is comin®7°C, but to determine blood
gases, it was corrected to water temperature (2With)the assumption that ambient water
temperature and individual fish body temperaturesenequivalent (Hanlegt al. 2010). In
addition, Howellet al. (1970) reported that ectotherm vertebrates, inctuéish, maintain an
acid—base balance despite changes in body temperatu

Plasma cortisol levels were measured using a cooiallgr available
immunoluminometry kit (Immulite 2000) (Diagnostiadducts Corporation, Los Angeles

CA, USA). The specificity of the test was previguslzaluated (Cunhet al. 2010).

2.7. Statistical analyses
All data are expressed as meaBEM. Homogeneity of variances between treatments
was tested with Levene test. Data exhibited homegeas variances, so comparisons among

different treatments and times were made usingvameANOVA and Tukey’s test. Analysis
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was performed using the software Statistica vé), &xd the minimum significance level was

set at P < 0.05.

3. Results

3.1. Water parameters and mortality

No mortality was recorded in any treatment follogvitransport. In all water
parameters no significant difference between treatmafter transport was observed, except
TAN levels, where the highest levels were repoitetthe control treatment and, lowest levels

in the water of fish transported with ME ©f buxifolia(Table 1).

3.2. lon fluxes through transportation

The net N3 CI and K effluxes were significantly highest in fish frorhet control
treatment. Moreover, the lowest net'Nad Cl effluxes were found in fish transported with 5
or 10 pL L' of ME of C. buxifolia The net C& fluxes did not show any significant

difference between treatments (Figure 1).

3.3. Blood parameters

The highestPvO,, P\CO, and HCQ values after transport were found in the
treatment with 5 pL It ME of C. buxifolig followed by the treatment with 40 puL*LEO of
L. alba Blood pH was not affected by treatments. On tinerohand, hematocrit (Hct) values
decreased after transport, but without signifiadifference between the treatments after the

transportation period (Table 2).
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Plasma cortisol levels were significantly higheffigh transported with 30 uLtEO
of L. albaadded in the water compared to control fish. Valieeind to the other treatments

were similar (Figure 2).

4. Discussion

The TAN and NH lethal concentrations (96 h) in normoxia (waterdnass: 20 mg
CaCQ L™ 25°C) of silver catfish are 7.73 and 0.44 my tespectively, at pH 6.0 (Miroet
al. 2008). Total ammonia nitrogen and Nldvels were much lower at the end of the transport
in the present study than lethal values. Therefihegr catfish could be transported during 6
h without problems due to ammonia toxicity congigrthe conditions used in our
experiments (weight of 420.1 g, loading densit2®85.1 g I'). The TAN excretion by silver
catfish transported in our study was 2.36 mg kgh h*, over 7.91-fold lower than reported
by Carneiroet al. (2009) (18.68 mg k§fish h*; weight of 20 g, loading density of 150 & L
transported for 4 h), and over 3.35-fold lower tmaported by Beckeet al. (in pres$ (7.92
mg kg* fish h') (weight of 301.24 g, loading density of 169.2°4 transported for 4 h), both
studies with the same species. The result fountthenpresent study are in accordance with
reported by Bolner & Baldisserotto (2007), whickirafed that ammonia excretion decreases
with increasing fish mass in silver catfish.

The DO levels found in our study after 6 h of tyaos still remained within a safe
range for silver catfish (control group — 8.68 mY) (Braunet al. 2006), because pure oxygen
was added to the plastic bags and this additiofddo@ responsible by increasing of the DO
levels after the transport. The increase of, GWels observed in all treatments probably was

responsible for the decrease of water pH at theoétrdnsport as observed by Golombieski
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al. (2003) and Beckeet al. (in pres$. Alkalinity and water hardness levels, regardiesthe
treatment, increased after transport and, thissas® could be explained by the presence of
regurgitated food, because the fish did not goudinoa depuration period and the commercial
food given to the fish had calcitic limestone (CaLi@ its composition. Similar results were
found by Golombiesket al. (2003) and Beckeat al. (in press.

Silver catfish could reach stage 4 of anesthesiervéxposed to concentrations above
100 pl L* (equivalent to 80 mgt) EO ofL. albawithin 15 min (Cunhat al. 2010). On the
other hand, when exposed for 6 h to concentrathetsreen 1 and 50 plLME of C.
buxifolia this species maintained a uniform sedation — rneethin stage 1 (Becket al.in
preparatior). According to the description of Schoettger &idu{1967), the stage 1 is
characterized by partial loss of reaction to exdestimuli and the stage 4 by loss of reflex
activity through of the reduction of the opercuraovement. The stage 2 of anesthesia is
equivalent to deep sedation, with a partial lossdfilibrium and lack of reaction to external
stimuli, and is desirable during fish transporting.

Eugenol (1.5 or 3.0 pl't) and EO ofL. alba (10 or 20 pl [') added to the water of
transport reduced ion loss and ammonia excretiosiloér catfish after 4 h of transporting
(Beckeret al.in pres3. Moreover, with the same species, but transpdaed? h, Becker et
al. (in preparatior) reported reduction of oxygen consumption, sNevels, ion loss and
mortality, when eugenol (1.0 or 2.5 pf)Lwas added to the water of transport or MECof
buxifolia (25 or 50 pl [Y). In addition, in specimens of largemouth blackyMicropterus
salmoidestransported in water with MS-222 (tricaine metrarif®nate) showed reduction of
stress parameters (plasma glucose and corticadsg¢rand enhanced survival (Carmichegel
al. 1984). In Mozambique tilapi@reochromis mossambiguexygen consumption reduced
to about 1/3 and ammonia and £@xcretion decreased when exposed to benzocaine-

hydrochloride (25 mg t) (Ferreiraet al. 1984). The addition of 2-phenoxyethanol to the
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water used in transport (110 and 220 ml Wwas effective in avoiding mortality in guppies,
Poecilia reticulata transported at higher loading densities anddig Iperiods of time (Teet
al. 1989). In the fry of the Indian car@atla catlg Labeo rohitaandCirrhinus mrigala(0.09
mg L™, this treatment also decreased M#kcretion (Singtet al. 2004). Parket al. (2009)
suggested that lidocaine hydrochloride at concéatrs of 5, 10 or 20 mgt decreased the
metabolic activity of flounderPleuronectes americanudecause this substance reduced
ammonia excretion (about 27.4 to 30.5%) and oxygemsumption (about 82.7 to 86%)
compared with a control group after 5 h transparet

The blood pH values found in the present study werealtered with compounds
added to the transport water. Similar results ieoad for walleye pike $ander vitreusand
koi (Cyprinus carpid anesthetized with MS-222 (150 mg)Land buffered with NaHC§X75
mg L) (Hanleyet al. 2010) and silver catfish transported for 4 h wiits or 3.0 pL [* of
eugenol and 10 or 20 pLLof EO ofL. alba added to the transport water (Becletral.
2011). On the other hand, in red paduafactus brachypomisexposed to MS-222 and
eugenol at 50, 100 and 200 mg (Sladkyet al. 2001) and yellow perchPerca flavescens
anesthetized with MS-222 (150 mg)Land buffered with NaHC§X75 mg L) (Hanleyet al.
2010) the blood pH values decreased with anesthasigesting that these species could be
unable to buffer their blood or due to the proceksespiratory or metabolic acidosis. In
addition, the other blood gas valu&s@,, P\CO, and HCQ), before transport, were similar
or lower than those reported by other studies (§l&d al. 2001; Hanleyet al. 2010; Becker
et al.in press.

Silver catfish exposed to EO bf albaand ME ofC. buxifoliaapparently decreased
metabolic rate because fish presented significaotyer TAN excretion and net ion loss.
However, this lower ammonia excretion could alsduite an increase in plasma ammonia

levels. In rainbow trout high plasma ammonia levéid not changed?aO, but increased
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PaCQO, and plasma HC®( Zhang & Wood 2009), and silver catfish transpaitewater with

3 uL L'eugenol or 20 pL t EO of L. alba also exhibited highest values Bf#CO, and
HCO; in the blood (Beckeet al. in pres3. These results are in agreement with findings of
the present study: there was an increase in theesafPvCO, and HCQ in fish transported
with 40 pL L* EO ofL. albaand 5 pL [* ME of C. buxifolia The high plasma ammonia
values induced hyperventilation in rainbow trouh&dg & Wood 2009), but, unfortunately,
both plasma ammonia and ventilatory frequency weteneasured in the present experiment.
Therefore, additional experiments may be importamsxplain these results.

In the present study, the Hct values (24—-30%) wamdar to those found by Carneiro
et al. (2009) (Hct: 27-30%) and Becker al. (in pres$ (Hct: 26—33%) with the same species.
After transport Hct values decreased, but withegmiBcant difference between treatments.
Transport procedures can produce stress and ignindseshwater fish through the increase
of blood gill flow and paracellular permeability (donaldet al. 1991; Cech Jret al. 1996).
Therefore hemodilution could be caused by osmoedguy disturbance, probably an influx of
water (Houstoret al. 1996; Morgan & Iwama 1997).

In the present study, EO &f albaand ME ofC. buxifoliain the water of transport
reduced ion loss in silver catfish. These resuksewsimilar to those found by our research
group with the same species (Beckerl.2011). Other studies reported that anesthetics used
for fish transport reduced agitation and fish str@uoet al. 1995; Singhet al. 2004; Parlet
al. 2009). In view of this, EO df. albaand ME ofC. buxifoliacould have reduced gill blood
flow because fish were less agitated.

The transport procedures may cause a massive eeleldhormones, primarily
catecholamines (adrenaline and noradrenaline) amticasteroids (cortisol) (Donaldson
1981; Mazeaud & Mazeaud 1981; Barton & lwama 199@mmsenet al. 1999; Reidet al.

1998). The plasma cortisol level in control sileatfish at the end of transport (60.63 ng'mL
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) was higher than those found in non-stressed (@@9 ng mr') (Barcelloset al. (2001,
2004) or submitted to rapid handling (about 32 rig*n(Cunhaet al. 2010). On the other
hand, Carneire@t al. (2009; 56.1 ng mt, transport by 4 h; loading density 75 @)Lfound
similar results to the reported by our study. Theh ftransported with EO df. alba at
concentration of 3Qu L™ the plasma cortisol level was significantly hightean those
transported in the control group. Therefore, tmesthetic concentration is not efficient to
reduce this blood parameter. In addition, someiastutlave reported that the exposure to
anesthetics in itself induces increase levels dism (Barton & Peter 1982; Davidsat al.
2000; Davis & Griffin 2004; Kiesslingt al. 2009; Molinero & Gonzalez 1995; Thomas &
Robertson 1991). On the other hand, Cuehal. (2010) reported that specimens of silver
catfish exposed to the EO bf albaat concentration of 300L L™ (equivalent to 240 mg'1)
exhibited lowest plasma cortisol levels 1 and 4térdandling.

In conclusion, the concentration of 30 pL* bf EO ofL. albais not advisable for
transporting silver catfish, because this concépttaenhanced plasma cortisol levels.
However, 40 pL [* of EO ofL. albaand both concentrations of ME buxifoliatested were
effective in reducing waterborne total ammonia lse\and ion loss and are recommended for

transporting this specie.
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Table 1. Water parameters before and after transport (& k)iver catfish in plastic bags with essential @filLippia albaand methanolic extract of the

Condalia buxifoliaadded to the water.

After transport @tments)

Water parameter Before transport
Control Lippia alba Lippia alba Condalia buxifolia Condalia buxifolia
(30 pL LY (40 uL LY (5 uL LY (10 uL LY
Dissolved oxygen 5.35+0.68 8.68+1.09*a 8.2296a8 7.77+0.78*a 8.74+1.64*a 8.02+0.52*a
Carbon dioxide 6.35+0.47 54.84+2.47*a 58.34+1a93 59.28+2.13*a 60.69+3.21*a 57.49+2.79*a
Alkalinity 20.30+1.77 29.14+2.20*a 31.00+£1.95*a 31.509%a 32.25£1.85*a 30.55+2.15*a
Water hardness 15.73%1.72 21.00£1.80*a 223945 23.12+1.70*a 24.12+1.90*a 23.32+1.30*a
pH 6.74+0.04 6.01+0.05*a 6.03+0.07*a 6.08+0413 6.11+0.05*a 6.13+0.07*a
Temperature 27.53+0.56 27.30+0.62a 26.45+0.48a 5.9720.95a 26.10+£0.91a 25.85%1.07a
Total ammonia nitrogen 1.36+0.12 3.89+0.19*a 53M14*b 3.24+0.21*b 2.74+0.15*c 2.72+0.13*c
Un-ionized ammonia 0.005 0.0026*a 0.0023*a 0.0024*a 0.0021*a 0.0022*a

Values are means * SEM. Asterisks indicate sigmifidifferences when compared to values beforspam (P < 0.05). Different letters in the rowsigade significant

differences between treatments after transportQRS). Dissolved oxygen and carbon dioxide wepressed as mg1, and total Ammonia Nitrogen and un-ionized

ammonia were expressed as mg N Alkalinity and water hardness were expressed @€aCQ L™,
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Table 2. Blood parameters before and after transport (6frileer catfish in plastic bags with essential @flLippia albaand methanolic extract of

Condalia buxifoliaadded to the water

After transport (treatments)

Blood parameter Before transport
Control Lippia alba Lippia alba Condalia buxifolia Condalia buxifolia
(30 pL LY (40 pL LY (5pL LY (10 pL LY

pH 7.32+0.07 7.26x0.04a 7.30£0.04a 7.3044. 7.25%£0.04a 7.27+0.05a
PVO, (mm Hg) 10.21+1.88 16.08+1.69*c 15.67+1.55%*c 21.86+1.31*b 28.23+1.91*a 16.11+1.14*%c
PVCO, (mm Hg) 13.79+0.71 21.57+0.93*c 22.18+1.32*%c 27.53+1.01*b 32.28+0.99*a 23.21+1.86*c
Hct (%) 30.46+0.48 24.39+0.85*a 25.67+1.08*a 4.08+0.92*a 25.32+0.94*a 25.15+0.89*a

HCO;5 (mmol L'l) 6.27+0.16 12.45+0.47*c 12.15+0.45*c 13.89+0t50 15.58+0.29*a 12.44+0.36*c

Values are means + SEM. Asterisks indicate sigmifidifferences when compared to values beforaspam (P<0.05). Different letters in the rows irati significant

differences between treatments after transport. (%30
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Figure captions

Figure 1. Net ion (N4, CI, K" and C&") fluxes measured after the transport of silver
catfish in plastic bags with essential oil bippia alba and methanolic extract of
Condalia buxifoliaadded to the water. Values are means = SEM. Biftefetters

indicate significant differences between treatmémtshe same ion (P<0.05).

Figure 2. Effect of the essential oil ofippia albaand methanolic extract @ondalia
buxifolia added to the water on plasma cortisol levels #fietransport of silver catfish
in plastic bags. Values are means = SEM. Differtgiters indicate significant

differences between treatments for the same iof.(Ps.
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Abstract

The purpose of this study was to investigate ttiecef of the essential oil (EO) of
Lippia alba and the methanolic extract (ME) @fondalia buxifoliaon some biochemical
parameters in silver catfisiRflamdia quelenafter transport. Fish (420.1 £ 8.8 g, 21.2 + 2.3
cm) were transported at a loading density of 2g5.t for 6 h in fifteen plastic bags with 7-L
of water, divided in five treatments: control, 304® pL L* of EO ofL. albaand 5 or 10 pL
L™ of ME of C. buxifolia Before transportation fish were anesthetized i of L. alba
(200 pL L* for three minutes) or ME d&. buxifolia(10 pL L* for five minutes). The results
showed that in all the treatments with anesthetdded to the water of transport the hepatic
catalase (CAT) activity was significantly lower then the control at the end of transport. On
the other hand, in fish transported at 30 it.df EO ofL. alba hepatic TBARS levels and
protein oxidation were significantly higher compate the control. In the treatments 30 pL
L™ of EO ofL. albaand 5 pL [* of ME of C. buxifoliathe glutathione S-transferase (GST)
activity in the liver was significantly lower comea to the control. In addition, liver GSH
levels were significantly lower in fish transportedth both concentrations of the EO lof
alba. The LPO/CAT+GPx ratio indicated that the balaneeMeen lipoperoxidation and total
antioxidant enzymes activities was significantlgtrer in in fish transported with 30 and 40
uL L™ of EO ofL. alba In conclusion, the concentration of 30 put &f EO ofL. albais not
advisable to transport silver catfish for 6 h wattioading density of 275.1 g'i_because this
concentration induces oxidative stress which caodserved by increased TBARS levels and
protein carbonyl and decreased antioxidant defersas concluded that measurement of
induction of lipid peroxidation and protein carbbnyay provide useful indicators of

exposure to oxidative stress-inducing anesthetitsimtransport.

Keywords: anesthetics, antioxidant defenses, oxeatress, transport of fish
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1. Introduction

The transportation of fish in Brazil involves thgewof plastic bags and this system has
limitations like the supply of oxygen and the builgd of ammonia total nitrogen and carbon
dioxide levels (Gomes et al. 1999, 2006a, b; Golesky et al. 2003; Carneiro et al. 2009;
Becker et al.jn press. These variations on water parameters provolesstthat could be
eliminated or minimized, at least in some spedieugh the addition of salts, anesthetics
and probiotics in the transport water (Carneiro &mdinati, 2001; Gomes et al., 2003a, b;
20064, b, 2009; Brandao et al., 2008; Carvalhd.e2@09; Azambuja et al., 2011; Cunha et
al., 2011; Becker et ain press.

Fish farmers, generally, added pure oxygen to kagtip bags before transport and this
can cause variation on the dissolved oxygen leapts depress metabolic rate, blood flow
rearrangement and effective ways of energy prodacfNilsson and Renshaw, 2004). In
addition, the primary intracellular energy soursethe ATP, one of the most important
neurotransmitters in the purinergic system, whehesponsible for modulating the signaling
and biosynthetic processes, such as vascular htasenscell size maintenance, neuronal
signaling, immune function, and protein and lipiddification (Fredholm, 1995; Brake and
Julius, 1996; Burnstock, 1998; Gayle et al., 19898jyoji et al., 1999; Marcus et al., 2003;
Schweibert and Zsembery, 2003; Fields and Burns2@e6).

The exposition to hyperoxia, anoxia or hypoxia miagult in oxidative changes,
because oxygen consumption can determine the l@feftsactive oxygen species (ROS)
generated and also the antioxidant status (WilH&lhw et al., 2001, 2002; Azambuja et al.,
2011). The oxidative metabolism of cells is a combus source of ROS, resulting from
univalent reduction of ¢ that can damage most cellular components, suchrashydrates,

lipids and proteins, and consequently leading tbdsath (Miyata et al., 1993; Ahmad et al.,
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2000; Morales et al., 2004). To protect from thésghly reactive intermediates, living
organisms possess a biochemical defense systenstoop®f enzymatic and non-enzymatic
antioxidants that scavenge them. Nevertheless, ruseleral situations, the rate of ROS
generation exceeds that of their removal and oxeatress occurs (Sies, 1986; Di Giulio et
al., 1995; Halliwell and Gutteridge, 2000; Livingse, 2001). The most important antioxidant
enzymes of the organisms are superoxide dismu@&@®), which detoxifies @, catalase
(CAT), which reduces D, glutathione peroxidase (GPx), which reduces b#i®, and
organic peroxides by a glutathione-dependent reacéind glutathione reductase (GR) which
catalyzes the NADPH-dependent regeneration of thlisiae (GSH) from the oxidized form
(GSSG) generated by GPx (Halliwell and Gutterid@§#)0).

The essential oil (EO) ofippia alba (Mill.) N.E. Brown (Verbenaceae) is a new
anesthetic whose action has been establishedIVer satfish,Rhamdia quelenand slender
seahorseHippocampus reid{Cunha et al., 2010, 2011). On the other handnththanolic
extract (ME) ofCondalia buxifoliaReissek (Rhamnaceae), caused only slight sedation
silver catfish exposed to concentrations betwe®r50.0 pL L for 6 h (Becker et alin
preparatior).

Increase of plasma cortisol and glucose levelgacel indications of stress responses
(wama et al., 2004; Urbinati and Carneiro, 20049wever, other biochemical parameters
like enzymatic activities are also very importamtunderstand stress at a cellular level and
how fish respond to the transport and if the additof an anesthetic to the water could be
beneficial or harmful to these animals. To our klemge just one study evaluated enzyme
activities in fish tissues after transport (Azanzbej al., 2011) and only with EO bf alba
(concentration of 10 pL ). Therefore, the purpose of this study was to stigate the

effects of the EO oL. alba and the ME ofC. buxifoliaon some biochemical parameters in
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silver catfish after transport. Moreover, an attehms also been made to assess usefulness of

these parameters as biomarkers for fish transport.

2. Material and Methods

2.1. Chemical and reagents

The substrates ATP, ADP, AMP, as well as trizmaebaodium azide, HEPES,
acetylthiocholine iodide, 5'@ithiobis-2-nitrobenzoic acid (DTNB), and Coomaskiéliant
blue G were obtained from Sigma Chemical Co andn@ogerum albumin, ¥PQ,, from

Reagen.

2.2. Plant materials

L. alba was cultivated in S&o Luiz Gonzaga, Rio GrandeSdb State, Brazil. The
aerial parts of the plant were collected in Jan2&§6. The plant material was identified by
the botanist Dr. Gilberto Dolejal Zanetti, Departarto de Farmécia Industrial, UFSM, and a
voucher specimen (SMDB No. 10050) was depositeithenherbarium of the Departamento
de Biologia, UFSM.

The samples of. buxifoliawere collected in the Center-South region of theeSof
Rio Grande do Sul. The identification of the botahi material was performed by
comparisons with existing samples in the herbarfiithe Departamento de Biologia-UFSM

(SMDB3296).

2.3. Essential oil of Lippia alba and methanolic iact Condalia buxifolia extraction
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Essential oil was obtained from the fresh leavethefplant by steam distillation for 2
h using a Clevenger-type apparatus. In this mettiadistillate is collected in a graduated
glass tube and the aqueous phase is automatiealsed by returning it to the distillation
flask (European Pharmacopoeia, 2007). The EO samydee stored at -20°C in amber glass
bottles.

Freeze-dried bark o€ondalia buxifolia(2.2 kg) was extracted with MeOH in a
Soxhlet extractor. The solvent was evaporated unetfuced pressure to obtain 430 g of a

dark viscous residue (methanolic crude extract).

2.4. Experimental procedure

Silver catfish (420.1 + 8.8 g, 21.2 =+ 2.3 cm) weaptured from a cage net in a fish
farm. Fish did not go through a depuration periocecduse this procedure, although
recommended (Amend et al. 1982), is not followedrmst fish producers in southern Brazil
(Golombieski et al. 2003). Fish were transported tading density of 275.1 g'ifor 6 h in
fifteen plastic bags with 7 L of water and 8 L afr@ oxygen, and they were divided into five
treatments (three replicates each). These treasmeste as follows: control; 30 or 40 pl*L
of EO ofL. alba(equivalent to 24 or 32 mg. respectively, because the density of this EO is
about 0.80) and 5 or 10 uLLof ME of C. buxifolia (both firstly diluted in ethanol; 1:10).
Fish that were transported with 30 or 40 pt &f EO ofL. albawere anesthetized with this
EO (200 pL L[* for three minutes; as reported by Cunha et al02fis concentration induce
to the stage 2 of anesthesia within the time prep@bove), and those transported with 5 or
10 pL L* of ME of C. buxifoliawere sedated with this ME (10 pL'lfor five minutes; as
reported by Becker et ah preparation this concentration induce to the stage 2 of diessh
within the time proposed above) before placinghia plastic bags. Control fish were placed

directly into the plastic bags. The transport tiamel concentrations of EO &f alba and of
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ME of C. buxifoliawere chosen according to Cunha et al. (2010) saeukd et al.if press
in preparatior). Moreover, the concentrations of EO lafalba and of ME ofC. buxifolia
remained within a sedative safe range for silvéfista(Cunha et al., 2010; Becker et ah.,
preparatior), in order to avoid any mortality in the transpadnt addition, the loading density
was chosen according to Carneiro et al. (2009).

The water parameters were monitored before and &éasporting, and, the mean
values for these parameters were the followingsahi&d oxygen (8.29 mg™), carbon
dioxide (58.13 mg L), alkalinity (30.89 mg CaC£L™), water hardness (22.78 mg Ca{lO
1, pH (6.07), temperature (26.33 °C), total ammariteogen (3.21 mg t) and un-ionized
ammonia (0.0023 mg1). Dissolved oxygen and temperature were measuigdam YSI
oxygen meter. The pH was verified with DMPH-2 pHtene Nesslerization verified total
ammonia nitrogen levels according to the methoHaibn et al. (2005). Un-ionized ammonia
levels were calculated according to Colt (2002).t&aardness was analyzed by the EDTA
titrimetric method. Alkalinity was determined acdiorg to Boyd and Tucker (1992). Carbon
dioxide was calculated by the method of Wurts andobrow (1992).

After transport, all fish were dipped in ice-slui3.4 kg ice: 3.6 L water) for 5 min
and killed by spinal cord section, whole brain #imdr were carefully removed to determine

biochemical parameters.

2.5. NTPDase (ecto-apirase, ecto/CD39; E.C. 3.9.1aBd 5-nucleotidase (CD73; E.C.
3.1.3.5) activities assays

The NTPDase enzymatic assay of the whole brain egased out in a reaction
medium containing 5 mM KCI, 1.5 mM CaC0.1 mM EDTA, 10 mM glucose, 225 mM

sucrose and 45 mM Tris—HCI buffer, pH 8.0, in afimolume of 200uL as described by
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Schetinger et al. (2000). Twenty microliters of yme preparation (8—12g of protein) were
added to the reaction mixture and pre-incubate@7afC for 10 min. The reaction was
initiated by the addition of ATP or ADP as subsdrat obtain a final concentration of 1.0 mM
and incubation proceed for 20 min.

5-nucleotidase activity was determined essentiafiyie method of Heymann et al.
(1984) in a reaction medium containing 10 mM MgS®d 100 mM Tris—HCI buffer, pH
7.5, in a final volume of 20@L. Twenty microliters of enzyme preparation (8—1@ of
protein) were added to the reaction mixture andimeabated at 37 °C for 10 min. The
reaction was initiated by the addition of AMP abdrate to a final concentration of 2.0 mM
and proceeded for 20 min. In all cases, reaction st@pped by the addition of 200 of 10%
trichloroacetic acid (TCA) to obtain a final conteion of 5%. Following, the tubes were
chilled on ice for 10 min. The released inorgarogphate (Pi) was assayed by the method of
Chan et al. (1986) using malachite green as cokdrimreagent and K#PQO, as standard.
Controls were carried out by adding the synaptos$draetion after TCA addition to correct
for non-enzymatic nucleotide hydrolysis. All sangpleere run in triplicate. Enzyme activities

are reported as nmol Pi released Ting proteirt-

2.6. Antioxidant enzymes

SOD (SOD; E.C. 1.15.1.1ctivity was determined in liver as the inhibiticste of
autocatalytic adenochrome generation at 480 nm reaation medium containing 1 mM
epinephrine (0.017 mL) and 50 mM glycine—-NaOH (p®5) (1 mL). A unit of SOD is
defined as the amount of enzyme that inhibits b% 30e speed of detector (epinephrine)
reduction. Enzyme activity was expressed in unitprajein * using the method described by

Misra and Fridovich (1972).
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Catalase (CAT; E.C. 1.11.1.6) hepatic activity wassayed by ultraviolet
spectrophotometer (Nelson and Kiesow, 1972). Sanplevere homogenized in a Potter—
Elvehjem glass/Teflon homogenizer with 20 mM patassphosphate buffer, pH 7.4 (with
0.1% Triton X-100 and 150 mM NacCl) (1:20 dilutiogntrifuged at 10 0@Pfor 10 min at 4
°C. The assay mixture consisted of 2.0 mL potasgibosphate buffer (50 mM, pH 7.0), 0.05
mL H,O, (0.3 M), and 0.01 mL homogenate. Change gbHabsorbance in 60 s was
measured at 240 nm. Catalase activity was calcllatel expressed ipmol min* mg

protein ™.

2.7. Glutathione S-transferase (GST) assay

GST activity was measured in liver following the tiveed described by Habig et al.
(1974) using 1-chloro-2,4-dinitrobenzene (CDNBY®mL) as a substrate which was added
to mixture containing potassium phosphate buff@d@ (@M, pH 6.5) (2.5 mL), reduced
glutathione (10 mM) (0.3 mL) and homogenate (0.08).mThe formation of S-2,4-
dinitrophenyl glutathione was monitored by the @ase in absorbance at 340 nm against
blank (buffer and other reagents used to measweetizyme activity in the absence of
sample). The extinction coefficient used for CDNBisA.6 mM cnt. The activity was

expressed gsmol GS-DNB min* mg protein.

2.8. Glutathione peroxidase

The enzyme activity was measured in liver accordm&aglia and Valentine (1967).
The assay solution contained 100 mM potassium gtadsouffer, pH 7.0, 1 mM GSH, 0.15
mM NADPH, 0.1 U mL* of glutathione reductase, 100 mM azida and a Isieitaample of

enzyme solution. After pre incubation, the reactias started with the addition of peroxides.
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The value for a blank reaction with the enzyme seueplaced by buffer was subtracted for
each assay. The rate of reaction was recorded’ @t 3y following the decrease in absorbance
at 340 nm. Enzyme activity was determined at 37§Cnieasuring the disappearance of

NADPH at 340 nm and expressed as nmoles NADPH'mig proteift-

2.9. Nonenzymatic antioxidant

Nonprotein thiols groups (GSH) was studied as noymatic antioxidant. An aliquot
of the hepatic supernatant (1.0 mL) was mixed withmL 10% trichloroacetic acid followed
by centrifugation. GSH levels were determined ley/riiethod of Ellman (1959). Supernatants
(0.25 mL) were used for determination with 'Bj8hio-bis(2-nitrobenzoic acid) 10 mM
(DTNB) (0.05 mL) and phosphate buffer 0.5 mM (pH#)6(0.7 mL). The optical density of
reaction product was read at 412 nm on a specttoptater, and results were expressed as

umol nonprotein thiols g fisH.

2.10. Lipid peroxidation estimation

Lipid peroxidation in liver was estimated by a TBBRthiobarbituric acid-reactive
substances) assay, performed by a malondialdehyi@A) reaction with 2-thiobarbituric
acid (TBA), which was optically measured accordiodBuege and Aust (1978). Aliquots of
supernatants (0.25 mL) were mixed with 10% tricbdmetic acid (TCA) (0.25 mL) and
0.67% thiobarbituric acid (0.5 mL) to adjust to iaaf volume of 1.0 mL. The reaction
mixture was placed in a microcentrifuge tube anculvated for 15 min at 95 °C. After
cooling, it was centrifuged at 509Cfor 15 min, and optical density was measured by

spectrophotometer at 532 nm. TBARS levels wereesged as nmol MDA mg protéin

2.11. Protein carbonyl assay
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Hepatic supernatant (0.4 mL) was homogenized imdlOmes (w/v) of 10 mM Tris—
HCI buffer pH 7.4 using a glass homogenizer. Protairbonyl content was assayed by the
method described by Yan et al. (1995) with someifivadions. Soluble protein (1.0 mL) was
reacted with 10 mM DNPH in 2N hydrochloric acidZ20nL). After incubation at room
temperature for 1 h in dark, 0.5 mL of denaturingfdr (150 mM sodium phosphate buffer,
pH 6.8, containing SDS 3.0%), 2.0 mL of heptane5%99, and 2.0 mL of ethanol (99.8%)
were added sequentially, vortexed for 40 s, andriéeged at 10 00@ for 15 min. Then, the
protein isolated from the interface was washedavlig resuspension in ethanol/ethyl acetate
(2:1) and suspended in 1 mL of denaturing buffad the carbonyl content was measured
spectrophotometrically at 370 nm. Assay was peréairm duplicate, and two tubes blank
incubated with 2N HCI (0.2 mL) without DNPH was lmded for each sample. The total
carbonylation was calculated using a molar extimcttoefficient of 22 000 M cm. The

protein carbonyl content was expressed as nmobogttmg protein’.

2.12. Protein determination

Protein was determined by the Coomassie blue mefblémlving Bradford (1976),

using bovine serum albumin as standard, absorhzrsaamples was measured at 595 nm.

2.13. Statistical analyses

All data are expressed as measEM. Homogeneity of variances among treatments
was tested with Levene test. Data presented honeogervariances, so comparisons between
different treatments were made by ANOVA and Tukdgst. Analysis was performed using
the software Statistica ver. 7.0 (StatSoft, TUBK), and the minimum significance level was

set at P < 0.05.
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3. Results

The NTPDase and 5’ nucleotidase activities in whwigin of silver catfish did not
show any significant difference between the treatsi¢Figure 1). The SOD activity in the
liver did not present any significant differencedvieen treatments (Figure 2A), CAT activity
was significantly lower in fish transported with EDL. alba or ME of C. buxifoliathan in
control fish (Figure 2B).

The GST activity in the liver was significantly lewin silver catfish transported with
30 pL L* of EO ofL. albaor 5 pL L* of ME of C. buxifoliacompared to control fish (Figure
3A). The GPx activity in the liver was significaptbwer in all treatments with. albaandC.
buxifolia compared to the control (Figure 3B). Moreover, Itheest activity was observed in
fish transported with 40 pLtof EO ofL. alba (Figure 3B). The levels of GSH in liver were
significantly lower in fish transported with botbrentrations of EO df. alba (30 and 40
uL L™ compared to the other treatments, but transgontatith ME of C. buxifoliadid not
change this parameter (Figure 3C).

The TBARS levels and protein carbonyl in the linare higher in treatment with 30
uL L™ of EO ofL. albaadded to the water of transport when compareamntral, but other
treatments did not change TBARS and protein carbiarthe liver (Figure 4A and 4B).

The LPO/CAT + GPxatio indicated that the balance between lipopelaton and
total antioxidant enzymes activities was signifitahigher in treatments with 30 or 40 uL L
! of EO ofL. albacompared to control fish and those transportetl &ipiL L* of the ME of

C. buxifolig which were similar (Figure 5).

4. Discussion
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Generally, anesthetics cause a depression of titeat@ervous system (CNS), either
by interrupting the action potential of axons, asle of neurotransmitters, excitability of the
membrane or, yet, a combination of all these asti(oss and Ross, 2008). In addition,
independently of the anesthetic used, uptake odmutise gills (mainly) and skin and arriving
at the circulatory system, when it could block aeflex actions (Summerfelt and Smith,
1990). In view of this, as the EO bf albaand ME ofC. buxifoliaexhibited anesthetic and
sedative effects, respectively, in silver catfisbuifha et al., 2010a; Becker et ah,
preparatior), making it possible to state that these compouafiscted the CNS of this
species.

The primary intracellular energy source is the AWRich acts also as an extracellular
signaling molecule (Fields and Burnstock, 2006) @donsidered to be one of the most
important neurotransmitters in the purinergic systéFredholm, 1995). The purinergic
signaling is responsible for modulating the sigmgliand biosynthetic processes in which
nucleotides are involved, such as vascular homsisstaell size maintenance, neuronal
signaling, immune function, and protein and lipicbdification (Brake and Julius, 1996;
Burnstock, 1998; Gayle et al., 1998; Enjyoji et &B99; Marcus et al., 2003; Schweibert and
Zsembery, 2003). However, in our study there was significant difference between
treatments, and therefore, the concentrations 06HO albaand the ME ofC. buxifoliaused
in this study did not exert any effect on enzymé$PDase and 5’-nucleotidase.
Nevertheless, this demonstrates the importantlkeoheurotransmitters in several biological
processes, such as protein and lipid modificatitherefore, showing the possible the
relationships between purinergic system and oxidathetabolism of cells, which is found
through of ROS production.

The oxidative stress is characterized by a dislsalaamong pro-oxidants and

antioxidants, in favor of the pro-oxidants, leadtogootential damage (Sies, 1991; Halliwell
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and Gutteridge, 2000). In view of this, the antt@aat defense system is constituted by
antioxidant enzymes, such as SOD, CAT, GPx, and,@&&d by the nonoxidant defense
system, like GSH (Storey, 1996; Halliwell and Grtige, 2000; Trenzado et al., 2006).

The SOD and CAT are enzymes that protect the asganiof the oxidative damage
partially removing oxygen species (Di Giulio et, dl989). The present study did not find
significant difference in the SOD activity betwetre treatments after transporting silver
catfish. Similar results were reported in othercége (Karakoc et al., 1997; Lushchak et al.,
2001, 2005; Garcia et al., 2008). In addition, Abaja et al. (2011) reported that silver
catfish transported (loading density 140 — 200%for 6 h (normoxic conditions: 7.29 — 7.35
mg L O,) with 10 pL L*EO ofL. albaadded to the water, also did not showed alteration
the antioxidant enzymes SOD and CAT. On the otrerdhin our study, there was a
significant reduction in hepatic CAT activity inl #he treatments with anesthetic or sedative
added in the water. In addition, the CAT activiylikely to affect the capacity of liver cells to
defend themselves and respond to anesthetics —-caddoxidative stress. In addition,
impairment in antioxidative enzymes will produce anbalance between pro — and
antioxidant system causing the formation of toxydroxyl radicals with direct consequences
on cellular integrity and function (Di Giulio et.all989; Halliwell and Gutteridge, 2000). A
lower level of CAT activity in the liver of silvetatfish transported in water with anesthetic
could be attributed to an increased productiornefduperoxide radical ¢, as an excess of
this anion is known to inhibit CAT activity (Bairst al., 1996). Lower hepatic CAT activities
also were found in carpCgprinus carpi) exposed for 4 days to 300 m@ lof a natural
polymer extracted from the exoskeleton of crustaseachitosan (Dautremepuits et al., 2004)
and juveniles oProchilodus lineatugxposed to different concentrations (2.5, 5.0 dnfl,g

LY of neem extract for 24 h (Winkaler et al., 2007).
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The alterations in GPx activity are generally acpamed by changes in the level of
GSH, because the GSH is co-substrate fgd.Hlecomposition by GPx (Sies, 1999). The
major cellular thiol that participates in cellulaedox reactions — GSH — displayed an
important role in the detoxification of electropbiimetabolites catalyzed by glutathione S-
transferase (GST) (Sies, 1999; Latha and Pari, 20@dreover, GSH may act as a non-
enzymatic antioxidant and a cofactor and substiateGPx and GST enzyme activities
(Barata et al., 2005). High GSH levels may protstiular proteins against oxidation via the
GSH redox cycle or by directly detoxifying the R@®nerated by exposure to stressors
agents (Ruas et al., 2008), but the low GSH contemyt modulate the activity of GPx and
GST enzymes (Brouwer and Brouwer, 1998) as sugh@sthe present study in silver catfish
transported with 30 or 40 pLLof EO ofL. alba

The lower GST activity in the liver of silver caffi transported with 30 uLLof EO
of L. alba could be explained by a compensation mechanisougr the increase of the
oxidant levels due to the highest levels of TBARSM in this treatment. On the other hand,
the lowest GST activity in silver catfish transgattwith 5 pL L* of ME of C. buxifoliacould
be explained by impairment in the detoxifying capecf the fish in this treatment. Azambuja
et al. (2011) reported that silver catfish tranggabfor 6 h in normoxic conditions and with 10
uL L™ EO ofL. albaadded to the water showed lower hepatic TBARSl$ewien compared
to the fish transported without EO in the watert, B®T activity did not show any significant
alteration.

Under stressful conditions the protective system ba& overridden by a rapid
production of large amounts of ROS, leading toaasi modifications in lipids and proteins
(Shacter et al., 1994; Stadtman and Berlett, 1%98terzeel et al., 2001). In the present
study, TBARS levels and protein carbonyl in thestivof silver catfish were higher upon

addition of 30 uL [* of EO of L. alba in the water of transport, indicating higher lipid
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peroxidation and protein oxidation, and, therefdhe, antioxidant defenses were not totally
able to effectively scavenge them.

The cellular injury induced by ROS production coule confirmed by the
LPO/CAT+GPx ratio as suggested by Ruas et al. (ROD&@s ratio establishes the balance
between cellular injury expressed by LPO inducedRi)E and the main antioxidant enzymes
of defense of the organisms (CAT+GPx), which arde alo neutralize ROS and/or
intermediary metabolites responsible by cellulamdge (Ruas et al., 2008). The increased
LPO/CAT+GPx ratio allow affirming that large amosnbf hydrogen peroxide were
produced, overcoming the capacity of CAT and GPayemes in neutralize ROS production
and resulting in a LPO, mainly in treatment withiBOL™ of EO ofL. alba

In conclusion, the use of 30 ul*lof EO ofL. albais not advisable to transport silver
catfish, because this concentration produced Ig@cbxidation and protein oxidation. It is
concluded that measurement of induction of lipidog&lation and protein carbonyls may be
used as an indicator of exposure to oxidative streducing anesthetics in fish. Moreover,
future studies should be done to investigate ifdoaoncentrations to than those tested in this

study could show better results.
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Figures captions

Figure 1. NTPDase and 5’ nucleotidase activities in wholarbdd silver catfish transported
in plastic bags with essential oil bippia albaand methanolic extract @ondalia buxifolia
added to the water using ATP (A), ADP (B) and AMP @s substrate. Values are means +
SEM. Different lowercase letters indicate differensignificant between the treatments
(P<0.05).

Figure 2. Superoxide dismutase (SOD) and catalase (CAT)iaesA and B, respectively)
in liver of silver catfish transported in plastiads with essential oil ofippia alba and
methanolic extract ofCondalia buxifoliaadded to the water. Values are means + SEM.
Different lowercase letters indicate differencengfigant between the treatments (P<0.05).
Figure 3. Glutathione S-transferase (GST) (A) and glutathigrexoxidase (GPx) (B)
activities and Nonprotein thiols groups (GSH) (€Vdls in liver of silver catfish transported
in plastic bags with essential oil bippia albaand methanolic extract @ondalia buxifolia
added to the water. Values are means + SEM. Diffdmvercase letters indicate difference
significant between the treatments (P<0.05).

Figure 4. TBARS levels (A) and protein oxidation (B) in livef silver catfish transported in
plastic bags with essential oil dfppia alba and methanolic extract dondalia buxifolia
added to the water. Values are means + SEM. Diffdmvercase letters indicate difference
significant between the treatments (P<0.05).

Figure 5. LPO/CAT+GPx ratio in liver of silver catfish trarmped in plastic bags with
essential oil oLippia albaand methanolic extract @ondalia buxifoliaadded to the water.
Values are means + SEM. Different lowercase leftaigcate difference significant between

the treatments (P<0.05).
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3 DISCUSSAO GERAL

Como reportado anteriormente, a utilizacdo de ésests no transporte de peixes
vivos vem crescendo muito nos ultimos anos em npas& Sendo assim, procurou-se
investigar as possiveis eficiéncias de anestésicaedativos de origem natural no
transporte de jundia, sendo eles os seguintesneljgideo essencial (OE) déppia alba
e extrato metandlico (EM) deondalia buxifolia

Primeiramente, constatou-se que o EMCdéuxifoliaexerce capacidade de sedacéo
em espécimes de jundid. Concentracdes entre ®8 pl1L " causam uma sedacéo leve.
Em adic&o, quando os animais foram expostos a ntragées na faixa de 1,0 — 50,0 pL
L™t de EM deC. buxifoliaconstatou-se que eles mantiveram-se durante uodpete 6 h
em uma profundidade de sedacdo constante, oupsgaaneceram no estagio 1. Aléem
disso, o aumento das concentracfes de EN.dmixifoliarefletiram em um aumento do
tempo de sedacdo. Para aplicacdo de anestésidtansporte de peixes vivos sugere-se
que 0s mesmos mantenham os animais no maximo agie& de anestesia, o qual de
acordo com os achados de SCHOETTGER e JULIN (186@cteriza-se pela perda
parcial do equilibrio e nenhuma reacdo aos estBrexternos.

Entre os varios parametros avaliados, os relacamadigua apresentaram resultados
bastante interessantes. As concentracoes letamm@dmia total nitrogenada (TAN) e
amonia ndo-ionizada (Nfipara jundid mantido em condi¢c6es de norméxia, sdopH
6,0, iguais a 7,73 e 0,44 md' ke, em pH 7,5, iguais a 2,31 e 1,45 my tespectivamente
(MIRON et al., 2008). Os valores de Bli¢portados apos os periodos de transporte, em
nossos experimentos, foram significativamente nen@os encontrados pelos autores
acima, portanto, espécimes de jundia transportadesnesmas condi¢cdes das utilizadas
nos experimentos podem suportar longos periodosraesporte sem problemas de
intoxicacao por metabalitos nitrogenados. Os nideisxigénio dissolvido (OD) na agua,
apos o transporte, permaneceram dentro da fail@aténcia recomendada para a espécie
(BRAUN et al.,, 2006), com excegao para o experimamt qual os animais foram
transportados com eugenol (1 ou 2,5 i) bu EM deC. buxifolia (25 ou 50 pL [}
adicionados a agua por um periodo de 12 horas,uab apservou-se valores de OD
extremamente baixos e muito préximos do nivel letaih a espécie. Os baixos niveis de
OD reportados nesse experimento podem ter sidouegédé do periodo de transporte,

visto que o consumo de oxigénio tem um aumentotaada com o passar do tempo.
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Além disso, em comparagdo aos outros dois expetimernndependentemente da
concentracdo e do anestésico ou sedativo utilizagkse Ultimo tivemos uma maior taxa
metabolica (representada pelo consumo de oxigémadg, como reportado por Bolner e
Baldisserotto (2007) ha um declinio da taxa meteh@or unidade de massa corporea
com o0 aumento do peso total em jundié.

O aumento dos niveis de gas carbdnico reportadamesns experimentos, em todas
as concentracbes, ao final do transporte, foramyawelmente, responsaveis pela
diminuicdo do pH da agua, como reportado por Goleskib et al. (2003), com a mesma
espécie. Os niveis de alcalinidade, independentengentratamento, aumentaram apos o
transporte, provavelmente devido a regurgitacéalideento, pois 0s peixes ndo passaram
por um periodo de depuragcdo antes do transporteagda comercial dada aos animais
possui carbonato de calcio (Cagf®m sua composicao.

A verificacao do fluxo de ions é um importante pag&o de avaliagdo do transporte
de peixes vivos, pois através dele é possivel percge o procedimento causou algum
distirbio osmorregulatorio nos animais. O trangperibo manejo de peixes sao classicas
condicOes geradoras de estresse, pois elas podesar aan aumento do fluxo sanguineo
nas branquias e da permeabilidade paracelular. &regp de agua doce, o resultado
dessas mudancas € a perda i6nica (McDONALD efi@@]1; CECH Jr. et al., 1996). A
utilizacdo de sal comum adicionado a agua de toatesgem apresentado resultados
positivos para algumas espécies, porém para jundiarucu ndo se observou essa
mesma resposta. Nesta tese, todos os composiraddsd (eugenol, OE de albae EM
deC. buxifolig,, independentemente da concentracgéo utilizadafefecientes na reducéo
da perda de ions em espécimes de jundia. Portasde, efeito pode estar relacionado,
provavelmente, a um menor fluxo sanguineo branquédd fato dos peixes estarem
menos agitados devido a presenca dos anestésicos.

Os parametros relacionados ao sangue, foram awslipor meio da medicao dos
gases sanguineos (pRyO,, PVCO, e HCQ) e do hematdcrito (Hct). Os valores dos
gases sanguineos, apesar de algumas alteracfesndiéaram efeitos fisioldgicos
prejudiciais apos o transporte. Além disso, a radudps valores de pH sanguineo podem
estar relacionados a uma incapacidade de tampot@amersangue ou, ainda, devido a
algum processo de acidose metabodlica ou respaatrn adigdo, os valores de Hct
reportados nos experimentos com eugenol (1,5 oul3,0%), OE deL. alba (10, 20, 30
ou 40 pL Y e EM deC. buxifolia (5 ou 10 pL [}) (24-33%) foram similares aos
encontrados por Carneiro et al. (2009), com a messpgcie (27-30%). Em nossos
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experimentos observou-se uma diminuicdo dos valdedHct apos os periodos de
transporte, mas sem nenhuma diferenca significativiie os tratamentos. Entre as
respostas de estresse ocasionadas pelos procemsnuentransporte, em peixes de agua
doce, temos o aumento do fluxo sanguineo branguid permeabilidade paracelular,
resultando na perda iénica (McDONALD et al., 19GECH Jr. et al., 1996), como ja
reportada anteriormente. Portanto, a possivel hdmgib observada nesses
experimentos pode ter sido causada por algum Histdsmorregulatério, provavelmente
um influxo de agua (HOUSTON et al., 1996; MORGANVAMA, 1997).

Alguns autores tém reportado que os aumentos dassndle cortisol e glicose
plasmaticos séo respostas tipicas ao estresseaggrathbs procedimentos de transporte
(IWAMA et al., 2004; URBINATI e CARNEIRO, 2004). Eetanto, outros parametros
bioquimicos, tais como atividades enzimaticas, tamtsdo muito importantes para
compreendermos como 0s peixes respondem ao trémgy@e a adicdo de anestésicos a
agua pode ser benéfica ou prejudicial a esses Eniklg o presente momento, somente
um trabalho havia avaliado a atividade de enzimaseeidos de peixes apés o transporte
(AZAMBUJA et al., 2011) e somente com o OELd&lba(concentracéo de 10 pLY).

Os anestésicos, em geral, podem causar depressé&iaina nervoso central (SNC),
através da sua acao sobre os axo6nios, liberacaeutetransmissores, excitabilidade da
membrana, ou, ainda pela combinacdo de todas as8as (ROSS e ROSS, 2008). Além
disso, independentemente do anestésico utilizada@amacdo ou absor¢cdo ocorre
principalmente pelas branquias e pele, chegandoseguida, ao sistema circulatorio,
onde ira bloquear as acoes reflexas (SUMMERFELMETH, 1990). Em adi¢cdo, como
ja reportado por Cunha et al. (2010a) e por redodtabtidos em nosso trabalho, o OE de
L. alba e o EM de C. buxifolia apresentaram efeitos anestésico e sedativo,
respectivamente, em espécimes de jundia. Porténjogssivel estabelecer que esses
compostos afetam o SNC dessa espécie. A fonteattgianntracelular priméria é o ATP,

o0 qual atua como uma molécula de sinalizacdo esttriac (FIELDS e BURNSTOCK,
2006), sendo considerado um dos mais importantesotnansmissores no sistema
purinérgico (FREDHOLM, 1995), o qual é respons®ath modulacdo dos processos de
sinalizagdo e biossintéticos, nos quais estdo eitd os nucleotideos, tais como a
homeostase vascular, manutencdo do tamanho camalizacdo neuronal, fungdo imune
e modificacdes de proteinas e lipidios (BRAKE e L8, 1996; BURNSTOCK, 1998;
GAYLE et al., 1998; ENJYQJI et al., 1999; MARCUS at, 2003; SCHWEIBERT e
ZSEMBERY, 2003). No entanto, no experimento comceotracdes de OE de albae
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EM deC. buxifolian&o foram encontradas diferencas significativasemaimas principais
do sistema purinérgico (NTPDase e 5'-nucleotidabelependentemente disso, e como
reportado anteriormente, 0s neurotransmissoresnaguma varios processos bioldgicos e,
portanto, mesmo ndo tendo sido encontrado difesemgs parametros do sistema
purinérgico, pode-se estabelecer alguma relaca® @sse sistema e o metabolismo
oxidativo das células, através da verificacdo gpeass reativas de oxigénio (EROSs).

O estresse oxidativo é caracterizado pelo deshalangre os pro-oxidantes e os
antioxidantes, resultando em potenciais danos arelsll (SIES, 1991; HALLIWELL e
GUTTERIDGE, 2000). Em vista disso, 0 sistema desskefé constituido por enzimas
antioxidantes, tais como superdxido dismutase (SQf2talase (CAT), glutationa
peroxidase (GPx) e glutationa S-transferase (G&pglo sistema de defesa nao-oxidante,
constituido, por exemplo, pelos grupos ti6is namécos, sendo em sua maior parte
representados pela glutationa (GSH) (STOREY, 1954;LIWELL e GUTTERIDGE,
2000; TRENZADO et al., 2006).

As enzimas SOD e CAT tém como uma de suas paiscipncdes protegerem os
organismos de danos oxidativos através da remog@iapde espécies de oxigénio (DI
GIULIO et al., 1989). Como reportado por outrosudss (KARAKOC et al., 1997,
LUSHCHAK et al.,, 2001, 2005; GARCIA et al., 2008ZAMBUJA et al., 2011) em
Nossos experimentos néo foi observada qualqueacdi® na atividade da SOD. Por outro
lado, a atividade da CAT hepatica diminuiu considelmente. Portanto, uma menor
atividade da CAT em jundias transportados com eésests pode ser atribuida a um
aumento da producdo do radical superdxidg)(@omo reportado também em outras
espécies (BAINY et al.,, 1996; DAUTREMEPUITS et d@004; WINKALER et al.,
2007).

Alteracbes na atividade da GPx séo, geralmentengaohadas por mudancas nos

niveis de GSH, pois o0 GSH é co-substrato para anggasicdo do peroxido de hidrogénio

(H.0O,) através da GPx (SIES, 1999). O principal grupb que participa nas reacfes de

reducdo nas células — GSH — desempenha um imporizagel na detoxificacdo dos
metabolitos eletrofilicos catalisados pela GST §&IE999; LATHA e PARI, 2004). Altos

niveis de GSH podem proteger as proteinas celutamesa a oxidacao via ciclo redox da

GSH ou diretamente pela detoxificacdo das EROsdgsrgela exposicdo a agentes

estressores (RUAS et al., 2008), mas o baixo cdotdé GSH pode modular a atividade das
enzimas GPx e GST (BROUWER e BROUWER, 1998) corsagerido para os resultados
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obtidos em nossos experimentos, quando jundiamftnansportados em agua com 30 ou 40
pL L' de EO dd.. alba

A producédo de EROs pode induzir danos a célulajuass podem ser confirmados
pela taxa entre a peroxidacéao lipidica (POL) erasneas antioxidantes CAT e GPx, como é
sugerido por Ruas et al. (2008). Essa taxa estabelbalanco entre a injuria celular expressa
pela POL induzida pelas EROs e as principais ermimatioxidantes de defesa dos
organismos (CAT+GPx), as quais sdo capazes deatizatras EROs e os intermediarios
metabolicos responsaveis pelos danos celulares RWA al., 2008). Em nossos
experimentos, observou-se um aumento das quansidéeld4O,, através dessa taxa, nos
tratamentos com 30 e 40 pl*ide OE dd.. alba Por outro lado, somente o tratamento 30 pL
L™ de OE deL. alba exibiu aumento dos niveis de TBARS e proteinaardtbindicando
altos niveis de peroxidacéo lipidica e oxidacaoprseinas e, portanto, ha uma possivel
modificacdo na estrutura de proteinas e lipidi@rela, as defesas antioxidantes, pelo menos,
nessa concentracdo, ndo estao sendo eficazes mole€alesses parametros.

De modo geral, os resultados do presente trabalbstranam que 0S anestésicos
utilizados nos experimentos melhoraram os paramekaocagua, principalmente com relacao
aos niveis de excrecdo de amonia total. Além dissoniveis de oxigénio dissolvido
permaneceram dentro de uma faixa confortavel paespgcie e a perda de ions foi
substancialmente controlada pelos anestésicostduvamansporte. Por fim, ainda ha muitos
aspectos a serem explorados em relacdo aos aoestésias concentracdes anestésicas e
sedativas a serem utilizadas durante o transperjarlia, bem como diferentes densidades
de carga e tempos de transporte e, € claro, dceedb de outros parametros fisiologicos,
bioguimicos, comportamentais e moleculares queapog®ermitir a elaboracdo de um pacote

tecnoldgico para essa espécie.



4 CONCLUSOES

Considerando-se 0s objetivos propostos nesta tesdodtoramento, de que os
produtos fitoterapicos (6leo essencialldigpia albae extratos d€ondalia buxifolid e o
fitofarmaco (eugenol) pudessem reduzir os paramette estresse decorrentes do
transporte de peixes vivos, em nosso caso, dojumrdde que um dos extratos @e
buxifolia fosse capaz de exercer alguma atividade anest@gisadativa nessa espécie,

esse estudo teve como principais conclusfes omsegitens:

1. O extrato metandlico déondalia buxifoliapossui a capacidade de sedacdo em
jundia, portanto é favoravel a sua utilizacdo eoc@dimentos de transporte, mas ndo em

procedimentos nos quais seja necessaria uma dagstesinda dos animais.

2. Todas as concentracdes utilizadas de eugend],%12,5 ou 3 pL L), de 6leo
essencial déippia alba (10; 20; 30 ou 40 pL 1) e de extrato metandlico d@ondalia
buxifolia (5; 10; 25 ou 50 pL ), independentemente da densidade de carga e go tem

de transporte foram eficientes na diminuicéo dedlidnico, ou seja, da perda de ions.

3. As concentracdes de eugenol (1 e 2,5 jiLd de extrato metanélico @ondalia
buxifolia (25 e 50 pL [}) foram eficientes na reducdo da mortalidade delifisn
transportados durante 12 h em uma densidade dex chgl86,7 g T Portanto,
aconselha-se a utilizacdo dessas concentracdestieanoss semelhantes as utilizadas

nesse estudo.

4. Os anestésicos utilizados nesse estudo mostsaapazes de reduzir a excrecao
de amonia durante o procedimento de transportéarior ha um menor risco de jundias

intoxicarem-se com altos niveis de metabdlitoogénados.

5. A utilizagéo da concentracdo de 30 it de OE de.. albando é aconselhavel
para o transporte de jundia, pois essa concentragd@ntou os niveis plasmaticos de
cortisol e, induziu ao estresse oxidativo atrave@peroxidacao lipidica e carbonilacédo de
proteinas.
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6. Os parametros de peroxidacdo lipidica e carbgdd protéica podem ser
considerados novos indicadores de exposicdo a@ssstroxidativo induzido por

anestésicos em peixes.

7. Por fim, propde-se a realizacdo de mais expetimsecom 0s agentes anestésicos e
sedativos utilizados nessa tese de doutorado,ipaintente no que se refere a busca do
entendimento dos mecanismos de acdo desses agentambém, estudos a nivel

molecular.
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ANEXO B - Partes aéreas da espétippia alba (FONTE:
http://naturezaquecuida.blogspot.com/2011 05 Ohiadhtm).
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ANEXO C - Partes aéreas da espéciéondalia buxifolia (FONTE:
http://www6.ufrgs.br/fitoecologia/florars/open_spp?img=285h
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ANEXO D — Espécime de jundiéRhamdia quelenutilizado nos experimentos
(FONTE: Arquivo pessoal).



