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RESUMO
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O objetivo deste estudo foi analisar o efeito do 6leo essencial de Lippia alba (EOLA)
adicionado a racdo de Rhamdia quelen (jundid) em pardmetros metabdlicos,
osmorregulatérios e enddcrinos. Os peixes foram alimentados por 20 dias com diferentes
concentracdes de OELA (0,00; 0,25 e 0,50 mL kg™ rag&o). Os peixes foram alimentados
durante 20 dias com diferentes concentracées de OELA (0,0 - controle, 0,25 e 0,50 mL kg™
de ragdo). Parametros metabolicos, Na*, CI', K™ e cortisol no plasmas ndo foram afetados pela
dieta, com a excecdo de ALT (alanina aminotransferase), que foi maior no figado dos peixes
alimentados com 0,50 mL OELA kg ™ de ragdo. Os peixes alimentados com 0,25 mL EOLA
kg de racdo, apresentaram maior atividade de Na'/K'-ATPase e da expressio da
somatolactina, mas a atividade de H*-ATPase e da expressdo do horménio do crescimento e
da prolactina ndo alterou-se. O OELA pode ser utilizado como um suplemento dietético para
0 jundia nas concentrages testadas, mas 0,25 mL EOLA kg ™ de racéo, parece ser melhor
do que a concentracdo de 0,50 mL kg™, uma vez que esta Gltima pode estar relacionada com

danos no figado.

Palavras-chave: Plantas medicinais. Somatolactina. Na'/K*-ATPase. ALT. Peixe. Jundia.
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THE ESSENTIAL OIL OF Lippia alba
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The aim of this study was to evaluate the effect of the essential oil of Lippia alba
(EOLA) as a feed additive on ionoregulatory and metabolic parameters, and pituitary
hormones expression in silver catfish, Rhamdia quelen. Fish were fed for 20 days with
different concentrations of EOLA (0.0 — control, 0.25 and 0.50 mL kg™ food). Plasma Na*,
ClI"* K" and cortisol, and metabolic parameters were not affected by the diet, with the
exception of ALT (alanine aminotransferase), which was higher in the liver of fish fed 0.50
mL EOLA kg™ food. Fish fed 0.25 mL EOLA kg™ food presented higher Na*/K*-ATPase
activity and somatolactin expression, but H*-ATPase activity and growth hormone and
prolactin expression did not change. The EOLA can be used as a dietary supplement for silver
catfish at the evaluated concentrations, but using 0.25 mL EOLA kg™ food seems to be more

suitable than 0.50 mL EOLA kg™ food since the latter may be related to liver damage.

Keywords: Medicinal plants. Somatolactin. Na*/K*-ATPase. ALT. Fish. Silver catfish.
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1 INTRODUCAO
1.1 Espécie em estudo

O jundia (Rhamdia quelen) (Figura 1) pertence a ordem Siluriformes, familia
Heptapteridae, € um dos habitantes mais comuns dos rios do sul do Brasil e foi escolhido para
este estudo devido a sua importancia econémica e ecolégica (BALDISSEROTTO, 2009).
Morfologicamente o jundié caracteriza-se por possuir boca sem dentes e corpo sem escamas,
possuindo barbilhdes de forma cilindrica com comprimento variando proporcionalmente ao
tamanho do espécime (GUEDES, 1980). E um bagre benténico especulador do substrato. Sua
alimentacdo tem como base insetos terrestres e aquéaticos, crustaceos, restos vegetais e
também peixes como os lambaris e os guards (CASATTI et al., 2001; BALDISSEROTTO,
2004; CASATTI, CASTRO, 2006; OYAKAWA et al., 2006).

Figura 1 - Exemplar de Rhamdia quelen adulto.

Fonte: Carine Souza

1.2 Oleo Essencial

No cenério atual, compostos bioativos presentes em extratos naturais tém se destacado
mundialmente, e a rica biodiversidade brasileira, com diversos principios ativos
desconhecidos torna-se relevante e de interesse (FREIRE, 2006). Uma parte que pode ser
obtida das plantas sdo os 6leos essenciais. Oleos essenciais s&o liquidos oleosos aromaticos
obtidos a partir de material vegetal como flores, brotos, sementes, folhas, galhos, cascas,
ervas, madeira, frutas e raizes. Eles podem ser obtidos por expressdo, fermentacao, enfloracéo

ou extracdo, mas o método mais utilizado para producdo comercial é o de destilacdo por
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arraste de vapor (VAN DE BRAAK, LENTEN, 1999). Ha diversos estudos recentes que
relatam o uso de Oleos essenciais na piscicultura para anestesia e sedacdo, promotor de
crescimento, acdo antioxidante entre outros (ZHENG et al., 2009; CUNHA et al., 2010;
BECKER et al., 2012; SACCOL et al., 2013; PARODI et al., 2014).

A planta Lippia alba (Mill.) NE Brown (Figura 2), cujo dleo essencial (Figura 3) foi
utilizado no presente trabalho, é um arbusto aromético popularmente conhecido como erva
cidreira, pertencente a familia Verbenaceae, amplamente utilizada na Ameérica Latina.
Algumas espécies de Lippia exibem acGes sedativas, e 0s compostos fendlicos (flavondides)
sdo geralmente assumidos como sendo as substancias ativas (PASCUAL et al., 2001).
Recentemente foram realizados alguns estudos demonstrando a eficacia do 6leo essencial de
L. alba para anestesia e sedacdo do jundia (CUNHA et al., 2010), cavalo marinho
(Hippocampus reidi) (CUNHA et al., 2011) e camardo (Litopenaeus vannamei) (PARODI et
al. 2012).0 composto ndo altera o crescimento, mas possui acdo antioxidante quando
adicionado a ragdo de jundias (SACCOL et al., 2013).

Figura 2 - Lippia alba.

Fonte: Liana John

Figura 3 - Oleo essencial de Lippia alba.

Fonte: Carine Souza
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1.3 O potencial de 6leos essenciais em dietas para peixes

A utilizacdo de 6leos essenciais e extratos herbais como aditivos para alimentacdo dos
peixes tem demonstrado grande potencial, necessitando ainda de ensaios a campo para se
determinar a real utilizacdo destes compostos (CAMPAGNOLO et al., 2013). A procura pela
méaxima eficiéncia alimentar tem promovido o uso de aditivos na racdo utilizados para
controlar agentes prejudiciais ao processo digestivo e assim proporcionar a melhora dos
indices zootécnicos (NUNES et al., 2012). Portanto, o uso de diferentes aditivos
naturais,vegetais e herbais vém sendo largamente testado na dieta de animais terrestres e
aquaticos (SANTOS et al., 2009). Estudos mostraram um aumento no desempenho zootécnico
de tilapias niloticas (Oreochromis niloticus) alimentadas com extrato de alho (Allium sativum)
(SHALABY et al., 2006), juvenis de bagre do canal (Ictalurus punctatus) alimentados com
6leo essencial de orégano (Origanum heracleoticum L.) (ZHENG et al., 2009) e p6s-larvas de
bagre do canal alimentadas com extrato de Yucca shidigera (KELLY, KOHLER, 2003).
Outros estudos também mostraram que aditivos vegetais das plantas Astragalus radix e
Scutellaria radix promoveram melhoria na imunidade em juvenis de tilapia nil6tica (YIN et
al., 2006).

1.4 Parametros metabdlicos

Quando submetidos a uma nova condic¢do alimentar, os peixes devem ser avaliados
quanto ao seu metabolismo através de ensaios bioquimicos, uma vez que podem sofrer
adaptacdes fisioldgicas, utilizando vias metabdlicas diferentes (WALKER et al.,1996;
ROMEQO et al., 2000). Glicogénio e glicose podem refletir o estado metabdlico dos tecidos
em situacOes de estresse (CATTANI et al., 1996). Peixes estressados costumam fazer o uso de
sua reserva hepatica de glicogénio para disponibilizar glicose como fonte de energia para o
organismo fugir ou se adaptar a mudancgas ambientais (IWAMA et al., 2004). O lactato pode
indicar o acimulo de &cido latico decorrente de aumento de atividade fisica nessas situacdes
estressoras (SILVEIRA et al., 2009). As proteinas estdo envolvidas na adaptagéo fisioldgica
do organismo diante de situacdes de estresse (DE SMET, BLUST, 2001; CRESTANI et al.,
2006), como por exemplo, a sua reducdo na alimentacdo ou exposi¢do dos animais a agentes
toxicos (IRVING et al, 2003). Aspartato aminotransferase (AST) e alanina aminotransferase
(ALT) sdo enzimas que podem fornecer informacdes especificas sobre a disfungdo de 6rgdos
(SRIVASTAVA et al., 2004; WAGNER, CONGLETON, 2004) sendo envolvidas nas

transaminacdes, podendo ser alteradas sob varias condicdes fisioldgicas e patoldgicas.
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1.5 Osmorregulacdo em peixes de dgua doce

Os peixes dulciaquicolas perdem constantemente ions para 0 meio externo por difusdo
através das branquias e superficie do corpo, bem como pela excre¢do nas fezes e urina. O
balanco i6nico € mantido pelo influxo de ions nas branquias (EVANS, 2011) e pela dieta
(FERREIRA, BALDISSEROTTO, 2007; GARCIA et al, 2007). Distarbios
osmorregulatérios induzidos pelo estresse podem desordenar o balan¢o aquoso e mineral,
resultando até mesmo na morte do animal. Sendo assim, 0s peixes, hiperosmoticos em
relagdo ao meio, devem evitar ao maximo essa perda de ions e eliminar todo o excesso de
agua.

Na &gua doce, as células de cloreto sdo responsaveis por boa parte da absorcdo de Na*
e CI. As células de cloreto, localizadas no epitélio branquial, estdo envolvidas na absor¢édo de
fons em peixes de 4gua doce (BECKER et al., 2012). Estudos relacionam a reducdo de Na* e
ClI~ plasmaticos nos peixes & reducdo da atividade da enzima Na'/K'-ATPase e a
modificacdes bioquimicas relacionadas com potenciais transepiteliais (BURY et al., 1998). A
Na'/K*-ATPase é sem dlvida a enzima mais importante na membrana plasmatica da célula
animal. A acdo desta bomba ibnica € essencial para as funcbes celulares, tal como a
manutencdo do equilibrio osmotico e potencial de membrana e permitir o transporte ativo

secundario de moléculas tais como glicose e aminoacidos (THERIEN, BLOSTEIN, 2000).

1.6 Expressdo Génica: Hormonio do crescimento, Prolactina e Somatolactina

Os principais fatores fisiologicos que regulam os processos anabdlicos e,
consequentemente, o crescimento muscular, sdo hormonios secretados pela hipofise, gdnadas
e seus receptores (MOMMSEN et al., 2001). O hormdnio do crescimento (GH), a prolactina
(PRL) e somatolactina (SL) s&o hormdnios hipofisarios originados a partir de uma molécula
ancestral comum e desempenham um papel fundamental na regulacdo da homeostase, bem
como de um grande numero de processos fisiolégicos em resposta aos desafios ambientais
(RAND-WEAVER, KAWAUCHI, 1993; KANEKO, 1996). O GH possui um importante
papel na aclimatagio osmotica (MANCERA, MCCORMICK 1998; SANGIAO-
ALVARELLOS, 2006), bem como no crescimento e no metabolismo energético dos peixes
(BJORNSSON, 1997; CARRION et al., 2009). A PRL controla a osmorregulacio na agua
doce, crescimento e desenvolvimento, além de possuir efeitos sobre o metabolismo,
comportamento, reproducdo e imunorregulacdo (HIRANO, 1986; MANZON, 2002). A

funcdo definitiva da SL ainda ndo esta clara, sendo sugerido que esteja envolvida em varios
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eventos bioldgicos, como por exemplo, resposta ao estresse (RAND-WEAVER et al., 1993),
regulagdo de Ca** (KANEKO, HIRANO, 1993), regulacdo 4cido-base (KAKIZAWA et al.,
1996), adaptacio ao fundo (CANEPA et al., 2006), mobilizacio de energia (KANEKO et al.,
1993) e também na maturacdo gonadal (RAND-WEAVER, SWANSON, 1993).

1.7 Cortisol

O cortisol nos peixes tem acdo de glicocorticoide e mineralocorticoide, sendo liberado
a partir de células interrenais do rim ceféalico e desempenha um papel central na resposta ao
estresse, incluindo osmorregulacdo (WENDELAAR BONGA, 1997; ARJONA et al., 2008) e
regulacdo metabdlica (MOMMSEN et al.,, 1999; BABITHA, PETER, 2010). Fatores
externos, como salinidade do ambiente, estresse, maturidade e estado nutricional podem
influenciar a producéo de cortisol e a resposta do animal ao hormonio, a qual pode ser afetada
por qualquer um dos fatores que regulam sua disponibilidade (proteinas de ligacdo, receptores
nos tecidos alvo, captacdo pelos tecidos e catabolismo do hormoénio) (MOMMSEN et al.,
1999).
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2 OBJETIVOS

2.1 Objetivo geral

- Verificar a expressao dos horménios do crescimento, prolactina e somatolactina na
hipofise, bem como pardmetros metabolicos, osmorregulatorios e de estresse em
jundias (Rhamdia quelen) quando alimentados com racdo contendo o 6leo essencial de

Lippia alba.

2.2 Objetivos especificos

- Verificar se a adicdo do 6leo essencial de L. alba em ragdes para jundids altera a

expressao dos horménios do crescimento, prolactina e somatolactina.

- Determinar se a adi¢do do Oleo essencial de L. alba em ragdes para jundias altera
parametros osmorregulatorios (atividade da Na'/K*-ATPase e H'-ATPase, niveis de

Na®, K" e CI plasmaticos) nesta espécie.

- Verificar se a adicdo do 6leo essencial de L. alba em racGes para jundias altera o
metabolismo  de  proteina, lipidios, spartato  aminotransferase, alanina

aminotransferase, glicose, glicogénio e lactato nesta espécie.

- Analisar se a adi¢do do 6leo essencial de L. alba em ragdes para jundids causa
alterac6es no cortisol plasmatico.

A presente dissertagdo estd estruturada de acordo com as normas da Universidade

Federal de Santa Maria (MDT), sendo composta por um manuscrito.
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3.DESENVOLVIMENTO - Manuscrito: Descreve um estudo realizado em laboratorio para
mensurar os efeitos do Oleo essencial de Lippia alba, adicionado a racdo de jundias (R.

quelen), quanto a metabolismo, osmorregulacdo e expressao de horménios hipofisarios.

Manuscrito encaminhado para Aquaculture Nutrition
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Abstract

The aim of this study was to evaluate the effect of the essential oil of Lippia alba
(EOLA) as a feed additive on ionoregulatory and metabolic parameters, and pituitary
hormones expression in silver catfish, Rhamdia quelen. Fish were fed for 20 days with
different concentrations of EOLA (0.0 — control, 0.25 and 0.50 mL kg™ food). Plasma Na*,
ClI"* K" and cortisol, and metabolic parameters were not affected by the diet, with the
exception of ALT, which was higher in the liver of fish fed 0.50 mL EOLA kg food™. Fish
fed 0.25 mL EOLA kg™ food presented higher Na*/K*-ATPase activity and somatolactin
expression, but H*-ATPase activity and growth hormone and prolactin expression did not
change. The EOLA can be used as a dietary supplement for silver catfish at the evaluated
concentrations, but 0.25 mL EOLA kg™ food seems to be more suitable than 0.50 mL EOLA

kg™ food since the latter may be related to liver damage.

Keywords: medicinal plant, growth hormone, enzymatic activity, somatolactin, prolactin,

cortisol.
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Introduction

The addition of herbal extracts in fish feed is increasingly seen as a safe and practical
alternative to synthetic pharmaceuticals. Some studies showed that dietary addition of plants
has several advantages. The addition of 0.5% of Massa medicata, Crataegi fructus, Artemisia
capillaries or Cnidium officinale to the diet led to better use of lipids in stress and recovery of
Pagrus major (Ji et al. 2009). The use of the oregano essential oil (Origanum heracleoticum)
as a supplement in the food improved growth, antioxidant status and resistance against
Aeromonas hydrophila in channel catfish (Ictalurus punctatus) (Zheng et al. 2009), and the
extract of Allium sativum in the diet also promoted growth and fish health and reduced total

bacteria in Nile tilapia (Oreochromis niloticus) (Shalaby et al. 2006).

The plant Lippia alba (Verbenaceae) is found in South and Central America and
tropical areas of Africa (Terblanche & Kornelius 1996). In silver catfish
Rhamdia quelen (Quoy & Gaimard, 1824), the essential oil of (EOLA) is an effective
anesthetic (Cunha et al. 2010) and sedative for transport (Azambuja et al. 2011; Becker et al.
2012), can delay lipid peroxidation (LPO) during frozen storage of fillets (Veeck et al. 2013),
and decreases LPO and increases tissue antioxidant response when added to the diet (Saccol
et al. 2013). The EOLA s also an effective anesthetic for the sea horse (Hipocampus heidi)

(Cunhaet al. 2011).

The pituitary hormones control several physiological processes. Growth hormone
(GH) is related to growth, metabolism (Laiz-Carrion et al. 2009; Sinha et al. 2012), and
osmoregulation (Sakamoto et al. 1997; Sakamoto & McCormick 2006; Sangiao-Alvarellos et
al. 2006). Prolactin (PRL) also participates in the control of growth and osmoregulation
(Sakamoto et al. 1997; Sakamoto & McCormick 2006), while somatolactin (SL) is apparently

related to energy balance, acid-base equilibrium (Kakizawa et al. 1996; Furukawa et al.



28

2010), and metabolism (Company et al. 2001). Cortisol, produced by the interrenal cells, is
the main glucocorticoid and mineralocorticoid steroid in fish, and is a good indicator for

assessing primary stress (Mommesen et al. 1999).

Silver catfish can be found from Argentina to southern Mexico (Perdices et al. 2002),
and is the most raised native species in South Brazil (Baldisserotto 2009). A recent study
demonstrated that feeding silver catfish with different levels of dietary EOLA for 60 days
does not affect growth, but alters some metabolic parameters and improves the antioxidant
status (Saccol et al. 2013). However, it is not clear whether the lack of influence of EOLA on
growth is due to some transient effect upon the metabolism, osmoregulation, or endocrinology
of this fish species. Consequently, the aim of this study was to evaluate metabolic,
osmoregulatory and endocrinological parameters of silver catfish fed with a diet containing

different levels of EOLA.

Materials and methods

Fish

The experiment was conducted in a continuously aerated recirculation system at the
Laboratory of Fish Physiology, Universidade Federal de Santa Maria (UFSM). Silver catfish
(n=30; 132.74 = 10.24 g, 24.05 + 0.55 cm) were obtained from the Fish Culture Laboratory
(UFSM) and placed in 60-L tanks (4 fish/tank). The experimental protocol was approved by

the Committee on Animal Experimentation - UFSM, under the registration number 46/2010.
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Water sampling and analyses

The water parameters measured daily during the experimental period were: dissolved
oxygen 6.85 = 0.12 mg L™, and temperature 24.01 °C + 0.2 (oxygen meter Y5512; YSI Inc.,
Yellow Springs, OH, USA); pH 7.15 £ 0.06 (DMPH-2 pH meter, Digimed, Sdo Paulo, SP,
Brazil); total ammonia nitrogen levels 0.85 + 0.11 mg L™ (Eaton et al. 2005); and un-ionized
ammonia (NHs) levels 0.007 + 0.001 mg L™ (Colt 2002). Alkalinity 29.5 + 1.0 mg L™ CaCO;
(Boyd & Tucker 1992) and water hardness 26.0 + 1.4 mg L™* CaCO; (EDTA titrimetric

method) were determined weekly.

Essential oil

The plant L. alba was cultivated in the Centro de Educagdo Superior do Norte
(CESNORS-UFSM) - Frederico Westphalen Campus. A voucher specimen (SMDB 10050)
was deposited in the Herbarium of the Department of Biology (UFSM). Botanical
identification was made by Gilberto Dolejal Zanetti (Department of Industrial Pharmacy,
UFSM). The EOLA was obtained from fresh leaves of L. alba by hydrodistillation in a
Clevenger apparatus for 2 h (European Pharmacopoeia 2007) and stored at -20°C until use.
The composition of the EOLA was the same as that described by Saccol et al. (2013): the
major components of the EO were linalool (55.26%), 1,8-cineole (7.85%),y-muurolene

(4.63%), B-caryophyllene (3.15%) and E-carveol (2.79%).

The use of EOLA in the experiment
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The animals were fed to satiation once a day (15:00) with a diet (34% crude protein)
formulated according to Lazzari et al. (2007) (Table 1). Three concentrations of the EOLA in
the diet (0-control, 0.25 and 0.50 mL kg™ food) were added to the ingredients together with
canola oil. The EOLA concentrations were the lowest concentrations which improved
antioxidant status in silver catfish (Saccol et al. 2013). The amount of feed offered and the
unconsumed remains were weighed to determine feed intake. The fish (n=10/concentration of
EOLA in the diet) were fed with the control diet for one week prior to the experiment, and
then for additional 20 days with the treatment diets. Uneaten food and feces were siphoned 30
minutes after feeding, and the water removed in this process was replaced with water under

the same conditions and proportions found in the system.

Sample collection and chemical analyses

After being fasted for 24 h, the fish were anesthetized with 50 mg L™ eugenol and
blood was collected by caudal puncture. The samples were centrifuged at 1000 xg for 5 min
and the plasma was stored at -20°C until analyses. The fish were then euthanized and the

pituitary gland, gills, liver and muscle were excised.

Biochemical measurements

The protein content in liver and muscle was measured according to Lowry et al.
(1951) using bovine serum albumin as standard. Plasma glucose and lactate were measured
with Labtest kits (Lagoa Santa, MG, Brazil). Glycogen and glucose in the liver and muscle
were determined according to Duboie (1956). Lactate in the muscle was determined as in

Harrower & Brown (1972), and total lipids were determined in the liver and muscle by the
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method of Bligh & Dyer (1959). Activities of aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) in plasma and liver were determined colorimetrically according to

Reitman & Frankel (1957).

lonoregulatory measurements

Plasma CI levels were determined according to Zall et al. (1956), and Na* and K*
with a flame spectrophotometer B262 (Micronal, Sdo Paulo, Brazil). Standard solutions were
made with analytical reagent grade (Vetec Merck) dissolved in deionized water, and standard
curves for each ion were tested at five different concentrations. The activities of Na'/K'-

ATPase and H'-ATPase were assessed in the gills as described by Gibbs & Somero (1989).

RNA Extraction and cDNA synthesis

Total RNA was extracted from pituitary using Trizol reagent (Invitrogen) according to
manufacture instructions. Total RNA quantity and purity were assessed by NanoDrop
(Thermo Scientific, Delaware, USA; Abs 260/280 nm ratio) spectrophotometer. Ratios above
1.7 were considered pure, and samples below this threshold were discarded. Total RNA (1ug)
was treated with DNase (Invitrogen) at 37 °C for 5 min to digest any contaminating DNA.
The reverse transcriptase reaction was performed with iScript cDNA synthesis kit (Bio-Rad)

in a final volume of 20 pL.

Pituitary expression of GH, PRL and SL mRNA

The mRNA expression was analyzed through gRT-PCR, using the StepOnePlus™ RT-
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PCR system (Applied Biosystems) with Power SYBR Green PCR Master Mix (Applied
Biosystems). The sequences used to design all the primers were according to Baldisserotto et
al. (in press) using the Primer Express program v 3.3 (Applied Biosystems). The results were
normalized to the expression of the constitutive gene B-actin according to Baldisserotto et al.
(in press). The calculation of relative expression was performed as recommended by Pfaffl et

al. (2001).

Cortisol

Plasma cortisol was determined in duplicates using an enzyme-linked immunosorbent
assay (ELISA) kit (Diagnostics Biochem Canada Inc., Canada). Absorbance was determined
in spectrophotometer at 450 nm, and the inter- and intra-assay variation coefficients were

5.15+0.53% and 4.13+0.67% respectively.

Statistical Analyses

A Levene test was conducted to evaluate the homogeneity of variances. The data were
compared using one-way analysis of variance (ANOVA) followed by the Tukey test. The data
regarding GH were not homocedastic and were compared using the Kruskal-Wallis test
followed by the multiple comparison of mean ranks for all groups. All analyzes were
performed with the software Statistica 7.0 (Stat Soft, Tulsa, OK). The minimum level of
significance was P <0.05. The results were expressed as the mean + standard error of the

mean (SEM).
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Results
Feed consumed and metabolic parameters

The amount of feed consumed per day was similar in the different treatments (g
feed/kg fish): 1.70 + 0.1 g kg™ for control, 1.32 + 0.1 g kg ™ for those fed 0.25 mL EOLA kg™
food, and 1.36 + 0.2 g kg™ for those fed 0.50 mL EOLA kg™ food. Glycogen (liver and
muscle), glucose (plasma, liver and muscle) and lactate (plasma and muscle) (Fig. 1), and
protein, total lipids and AST (plasma and liver) (Fig. 2) were not affected by the dietary
EOLA. Hepatic ALT of fish fed 0.50 mL EOLA kg™ food was significantly higher compared

to the other treatments (Fig. 2).

lons and enzyme activities

Fish fed 0.25 mL EOLA kg* food presented significantly higher Na*/K*-ATPase
activity compared to the other treatments, but plasma Na*, K™ and CI levels, as well as H*-

ATPase activity, were not significantly affected by the treatments (Fig. 3).

Hormones expression and plasma cortisol

Pituitary expressions, GH and PRL did not change significantly between groups, but
SL expression was higher in the group treated with 0.25 mL EOLA kg™ food compared to the

others (Fig. 4). Dietary EOLA did not significantly affect plasma cortisol levels (Fig. 5).
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Discussion

Lactate, glycogen, glucose, protein, lipids are biochemical parameters commonly used
to assess the metabolic state of fish tissues (Gimeno et al. 1994; Pretto et al. 2014).
Apparently, dietary addition of both EOLA concentrations for 20 days did not change silver
catfish metabolism because these parameters were not affected. Silver catfish fed with dietary
EOLA for 60 days also did not show significant alteration in these biochemical parameters in
the plasma (Saccol et al. 2013). Therefore, dietary EOLA does not promote any transient or

long-term change in silver catfish metabolism.

The enzymes AST and ALT are mainly used as biomarkers to assess liver damage,
although they are also found in organs such as skeletal muscle, heart, pancreas and kidneys
(Evans et al. 1996). The increased ALT activity in the liver of silver catfish fed with the
highest dietary EOLA concentration suggests that there was hepatocyte damage. However, the
lack of alteration in plasma ALT and in plasma and liver AST indicates that the observed
increase in hepatic ALT did not cause any serious damage. In agreement with this hypothesis,
silver catfish fed with up to 2.0 mL EOLA kg™ food for 60 days only decreased the glucose
levels in the liver, resulting in an increase in the glycogen and lactate reserves in the liver

(Saccol et al. 2013).

The addition of EOLA to the water of transport reduced the net Na*, K and CI” losses
in silver catfish (Becker et al. 2012), and immersion anesthesia with this oil increased gill
Na'/K*-ATPase and H'/ATPase activities in this species (Toni et al. 2014), indicating an
osmoregulatory effect. However, the only osmoregulatory effect of dietary EOLA observed
in the present experiment was the increase in gill Na'/K*-ATPase activity in those fish fed
with 0.25 mL EOLA kg™ food. The expression of SL also increased in silver catfish fed with

that concentration of EOLA, indicating that both effects may be related. The Na'/K*-ATPase
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plays a major role in fish osmoregulation (McCormick 1994; Handeland et al. 2003; Ban et
al. 2007), while SL seems to be involved with acid-base regulation in rainbow trout
(Oncorhynchus mykiss) (Kakizawa et al. 1996) and correction of plasma osmotic balance in
Mozambique tilapia (Oreochromis mossambicus) exposed to acidic freshwater (Furukawa et
al. 2010). The absence of significant difference in gill Na'/K'-ATPase activity and SL
expression in the fish fed with 0.50 mL EOLA kg food may be because at such
concentration the effect was faster and the osmotic and/or acid-base equilibrium was fully

reestablished.

Maintenance of GH expression is in accordance with the findings by Saccol et al.
(2013), which demonstrated that dietary EOLA did not change silver catfish growth. Prolactin
is considered one of the most important hormones related to freshwater adaptation, and it is
essential for ion uptake as well as reduction in ion and water permeability of osmoregulatory
surfaces (Sakamoto & McCormick 2006). Its unaltered expression in silver catfish fed with
dietary EOLA is probably related to the unchanged plasma ion levels. Immersion anesthesia
with EOLA prevented the increase in cortisol in silver catfish subjected to handling (Cunha et
al. 2010), but dietary EOLA did not change plasma cortisol levels, indicating that it did not

have an effect upon stress parameters when administered through this route.

Besides being an effective antioxidant (Saccol et al. 2013), 0.25 mL EOLA kg™ food
may be recommended to silver catfish since it prevents major changes in metabolism,
osmoregulation and endocrinology. The use of the dietary supplementation with 0.50 mL
EOLA kg* food requires additional investigation because it increased ALT, indicating a

possible liver damage.
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Figure Captions

FIGURE 1. Metabolic parameters in tissues of silver catfish fed with different concentrations
of dietary essential oil of Lippia alba (EOLA). A) glycogen, B) glucose and C) lactate. Mean

+ SEM.

FIGURE 2. Biochemical parameters in tissues of silver catfish fed with different
concentrations of dietary essential oil of Lippia alba (EOLA). A) protein, B) lipids, C) AST

and D) ALT. Mean + SEM.

FIGURE 3. Osmoregulatory parameters of silver catfish fed with different concentrations of
dietary essential oil of Lippia alba (EOLA). A) plasma ion levels and B) gill Na*/K*-ATPase

and H*/ATPase activities. Mean + SEM.

FIGURE 4. Expression of pituitary hormones of silver catfish fed with different
concentrations of dietary essential oil of Lippia alba (EOLA). A) growth hormone (GH), B)

prolactin (PRL) and C) somatolactin (SL). Mean + SEM.

FIGURE 5. Plasma cortisol of silver catfish fed with different concentrations of dietary

essential oil of Lippia alba (EOLA). Mean + SEM.



TABLE

Table 1

Formulation (%) of the experimental diet.

48

Ingredients (%)

Soybean meal 30

Meat and bone meal 35

Rice bran 12

Corn 15

Canola oil 3

Salt 1

Vitamins and minerals (premix)® 3

Phosphate dicalcium 1

Analysis of the feed (%)  0.00 mL kg™ 0.25 mL kg™ 0.50 mL kg*
Dry matter 95.43 95.48 95.56
Ashes 14.97 15.15 15.58
Crude protein 38.96 38.98 39.07
Fat 10.42 9.92 10.08

# Vitamin and mineral mixture (security levels per kilogram of product)—folic acid: 250 mg, pantothenic acid:
5000 mg, antioxidant: 060 g, biotin: 125 mg, cobalt: 25 mg, copper: 2000 mg, iron: 820 mg, iodo: 100 mg,
manganese: 3750 mg, niacin: 5000 mg, selenium: 75 mg, vitamin A: 1000000 Ul, vitamin B1: 1250 mg,
vitamin B12: 3750 mcg, vitamin B2: 2500 mg, vitamin B6: 2485 mg, vitamin C: 28000 mg, vitamin D3:
500000 UI, vitamin E: 20000 UI, vitamin K: 500 mg, zinc: 17500 mg.
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CONCLUSOES FINAIS

- O Oleo essencial de L. alba adicionado a racdo ndo provoca alteracBes significativas no

metabolismo do jundié.
- O Oleo essencial de L. alba adicionado a racdo ndo provoca alteracdo no estresse nos
jundias.

- O dleo essencial de L. alba pode ser utilizado como aditivo em ragles para jundids, mas em
concentragbes iguais ou superiores a 0,50 mL kg de ragdo é necessario um

acompanhamento, pois aparentemente pode causar leves danos no figado.



