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RESUMO
Dissertacdo de Mestrado
Programa de Pds-Graduacdo em Zootecnia
Universidade do Estado de Santa Catarina

SUPLEMENTACAO DIETETICA DE TIMOL PARA CARPA CAPIM
(Ctenopharyngodon idella): EFEITOS SOBRE DESEMPENHO,
SISTEMA ANTIOXIDANTE E METABOLISMO ENERGETICO

HEPATICO
AUTOR: Monique Berticelli Morselli
ORIENTADOR: Diogo A Lopes
Chapeco, 20 de maio de 2019

O timol é um aditivo alimentar a base de plantas utilizado para melhorar o desempenho
dos animais devido ao seu valioso potencial para melhorar o desempenho produtivo e
reprodutivo, a biodisponibilidade de nutrientes e o estado de saude dos peixes. No
entanto, 0s mecanismos exatos associados a iSso permanecem pouco compreendidos.
Recentemente, algumas evidéncias sugerem o0 envolvimento da rede de
fosfotransferéncias e o status antioxidante. Assim, o objetivo deste estudo foi avaliar se a
melhora do estado antioxidante/oxidante e da rede de transferéncia de fosforilacdo pode
ser considerada como uma via envolvida no crescimento de carpas (Ctenopharyngodon
idella) alimentado com diferentes niveis de timol dietético (100, 200 e 300 mg/kg de
alimento). A dieta suplementada com timol (100 mg/kg de alimento) aumentou o peso
corporal e 0 ganho de peso corporal 60 dias apds a alimentacdo, em comparagdo com o
grupo controle. As espécies de oxigénio reativo hepatico (100 mg/kg de racdo) e a
peroxidacdo lipidica (100, 200 e 300 mg/kg de racdo) foram menores nesses grupos em
comparacdo ao grupo controle. As atividades de superdxido dismutase hepética (300
mg/kg de alimento) e glutationa peroxidase (100, 200 e 300 mg/kg de racdo) e a
capacidade antioxidante contra radicais peroxil (100 mg/kg de ragdo) foram maiores
nesses grupos quando comparados ao grupo controle. Com base nessas evidéncias, 100
mg de timol/kg de suplementacdo dietética aumentaram o desempenho de crescimento de
carpas de alevinos. Além disso, a suplementacdo dietética de timol (100 mg/kg de ragéo)
foi capaz de melhorar o metabolismo energético hepético, enquanto praticamente todas as
concentragOes testadas de timol aumentaram o status antioxidante hepatico, que pode ser
envolvido no aumento do desempenho de crescimento de alevinos.

Palavras-chave: rede de transferéncia de fosforilacdo, aquicultura; desempenho de
peixes; radicas livres.
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DIETARY SUPPLEMENTATION OF TIMOL FOR COMMON CARP
CAPIM (Ctenopharyngodon idella): EFFECTS ON PERFORMANCE,

ANTIOXIDANT SYSTEM AND HEPATIC ENERGY METABOLISM
AUTHOR: Monique Berticelli Morselli
ADVISER: Diogo A. Lopes
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Thymol is an herbal food additive used to improve animal performance due to its valuable
potential to enhance productive and reproductive performance, bioavailability of nutrients
and health status of fish. However, the exact mechanisms associated to that remains
poorly understood. Recently, some evidences suggested the involvement of the
phosphotransfer network and the antioxidant status. Thus, the aim of this study was to
evaluate whether the improvement of the antioxidant/oxidant status and the phosphoryl
transfer network could be considered pathways involved on enhanced growth
performance in grass carp Ctenopharyngodon idella fed with different dietary thymol
levels (100, 200 and 300 mg/kg feed). Thymol-supplemented diet (100 mg/kg feed)
increased body weight and body weight gain 60 days post-feeding compared to the
control group. Hepatic reactive oxygen species (100 mg/kg feed) and lipid peroxidation
(100, 200 and 300 mg/kg feed) were lower in these groups compared to the control group.
Hepatic superoxide dismutase (300 mg/kg feed) and glutathione peroxidase (100, 200 and
300 mg/kg feed) activities, and antioxidant capacity against peroxyl radicals (100 mg/kg
feed) were higher in these groups compared to the control group. Based on these
evidences, 100 mg thymol/kg dietary supplementation increased growth performance of
fingerlings grass carp. Moreover, thymol dietary supplementation (100 mg/kg feed) was
able to improve the hepatic energy metabolism, while practically all tested concentrations
of thymol enhanced the hepatic antioxidant status, which can be pathways involved on
increased growth performance of fingerlings grass carp.

Keywords: phosphoryl transfer network, aquaculture; fish performance; free radicals.
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1. CAPITULO |
REVISAO DE LITERATURA

1.1 Aquicultura e Piscicultura

O crescimento populacional e a busca dos consumidores por alimentos mais
saudaveis, nas ultimas décadas, elevou significativamente a demanda mundial por pescado
(BRABO et. al., 2016). Diante disso, a aquicultura tem se mostrado como alternativa viavel
para continuar aumentando esta oferta nos proximos anos (FAO, 2014), uma vez que € a
atividade agropecuaria que mais cresce no Brasil e no mundo (SEBRAE, 2015).

Dos paises com maior potencial de producdo aquicola, o Brasil tem papel de destaque
especialmente por possuir grandes reservatdrios de aguas/recursos hidricos, ter um clima
favoravel, médo-de-obra abundante e crescente demanda por pescado no mercado interno
(SEAP, 2007), além da ocorréncia natural de espécies aquéticas de interesse zootécnico
(BRASIL, 2013). Porém, a produgdo aquicola nacional, se comparada aos maiores
produtores mundiais como a China, a india, o Vietna e a Indonésia, ainda apresenta nimeros
incipientes (FAO, 2014).

Segundo a estimativa da FAO (2016), até 2025 os paises da América Latina, o Brasil
terd o maior crescimento aquicola (104%), superando México (54,2%) e Argentina (53,9%).
Segundo os levantamentos da Associagdo Brasileira da Piscicultura — Peixe BR (2019) no
ano de 2016, o pais produziu 640.510 toneladas de peixes; em 2017, passou para 691.700
toneladas; e, em 2018, atingiu 722.560 toneladas de pescado, com isso teve um crescimento
de 4,5% sobre as 691.700 toneladas do ano anterior. O volume produzido pela piscicultura
brasileira representa quase 70% de toda a aquicultura nacional, com 483,24 mil toneladas de
peixes, segundo o Instituto Brasileiro de Geografia e Estatistica - IBGE (2015),
movimentando com esta atividade cerca de 5 bilhdes de reais ao ano e gerando 3,5 milhdes
de empregos diretos e indiretos (ACEB, 2014).

No Brasil, em 1999 o consumo per capita era de 6,15 kg/hab/ano passando para 11,17
kg/hab/ano, em 2011, um aumento de 81% (SEBRAE, 2015), em 2018 o consumo per capita
de pescado néo ultrapassou os 10 kg/hab/ano (PEIXE BR, 2019). Dentre os principais fatores

gue levaram a esse aumento, mesmo que pequeno, pode-se destacar o0 incentivo de consumo



pelas politicas publicas e, sobretudo, a busca de alimentos mais saudaveis (SEBRAE, 2015).
Além disso o estimulo no aumento do consumo com marketing voltado ao consumidor, o
aumento da competitividade das empresas e o fortalecimento da imagem do setor, sdo fatores
que alavancaram o consumo de pescado (PEIXE BR, 2019). Desta forma, a aquicultura
brasileira, em destaque a piscicultura de peixes de &gua doce, tem demostrado muito
potencial produtivo e pode tornar-se uma das mais importantes fontes de proteina animal.

A piscicultura ocupa o primeiro lugar, mundialmente, em producdo comparando com as
demais atividades da aquicultura (cultivo de moluscos, crustaceos) (FAO, 2014). No Brasil
dados de 2019 apontam que em 2018 a regido Sul atingiu 198.600 toneladas de peixe,
representando 27,5% da producdo nacional, com crescimento de 11,3% em relacdo a 2017; a
regido norte se mantem na segunda colocagdo, mesmo com reducao no crescimento de 7%; o
nordeste teve crescimento de 20,6% e em quarto colocado estd a regido sudeste com
crescimento de 7,6% em relacdo a 2017, ja a regido Centro-Oeste perdeu 7,8% da producéo
em 2018 e fechou o0 ano com 112.490 toneladas (PEIXE BR, 2019). Os estados do Rio
Grande do Sul, Santa Catarina, Parana, Minas Gerais e Espirito Santo sdo o0s cinco maiores
produtores de carpa, com destaque a regido sul do Brasil aonde as carpas correspondem mais
de 80% das 34.370 toneladas enquadradas no item Outras Espécies, em 2018 (PEIXE BR,
2019).

1.2.1. Carpa capim - Ctenopharyngodon idella

As carpas ocupam as trés primeiras posicdes no ranking mundial (carpa chinesa,
carpa prateada e carpa comum, respectivamente), porém a carpa capim (Ctenopharyngodon
idella), espécie alvo deste projeto, ocupa a 72 posicdo (SEBRAE, 2015).

Segundo SEBRAE (2015) as espécies de peixes mais usadas para produgdo sao:
carpa, tilapias, salmao e bagre, estando a aquicultura mundial dominada pela producéo de
ciprinideos (grupo das carpas), sendo esta a principal espécie cultivada no cenario mundial.
As carpas ja foram a espécie mais produzida no Brasil, mas atualmente ocupam a 42 posi¢édo
no ranking nacional de produgéo. Em 2007 a produgéo de carpa foi de 36.631,00 toneladas,
em 2010 sua producdo aumentou chegando a 94.579,00 toneladas, em 2018 sua produgéo
chegou a 80% nos trés estados da regido do sul do Brasil (PEIXE BR, 2019).
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Originaria da Asia, a carpas capim apresentam de grande rusticidade (EUROSTAT,
2009) e se adaptaram facilmente nas regides sul e sudeste do Brasil, com capacidade de
resistir a uma ampla faixa de temperatura e suportando baixas concentracdes de oxigénio
dissolvido na agua (EPAGRI, 2007; MELLO e STIPP, 2001). Sdo cultivadas normalmente
em viveiros escavados, sendo um dos peixes mais produzidos em sistemas de cultivo semi-
intensivo e extensivo no Brasil (SEBRAE, 2016).

Algumas espécies de carpa sdo usadas para ornamentacdo, outras como a Carpa
Capim sdo usadas para controle de plantas aquaticas (SILVA et al., 2014). Por ser um animal
muito rustico, tem alto grau de crescimento e com isso favorece o cultivo em consorciacéo
com outros peixes (policultivo) e cultura agricola, como o arroz. O crescimento das carpas
capim pode ser afetado pelas baixas temperaturas (15°C), pois afeta diretamente a sua
alimentacdo (MELLO e STIPP, 2001). De todo o grupo das carpas, as carpas espelho sdo
mais resistentes ao frio, seu crescimento € mais rapido, porém sdo mais susceptiveis a
doencas e precisam de mais cuidado no manejo (PIPALOVA, 2002; PIPALOVA, 2003).

Apesar da rustiquez, as carpas capim ndo estdo livres de serem acometidas por
doencas bacterianas, e isso pode ocorrer devido ao sistema de manejo intensivo, elevadas
densidades de estocagem, fornecimento de racdo em demasia, aumento de dejetos dos peixes
elevando o nivel de matéria organica e com isso aumentando a quantidade de bactérias no
viveiro, prejudicando a qualidade de agua e como consequéncia causando doencas
(VADSTEIN, 1997). O uso indiscriminado de antibidticos para eliminar ou diminuir os
problemas causados por doencas no sistema produtivo faz com que haja a sele¢do de
linhagem de bactérias resistentes aumentando o risco de resisténcia cruzada, ou seja, quando
essa resisténcia acomete bactérias associadas a populacdo humana (FIGUEIREDO et al.,
2008).

Para diminuir o risco a salde humana e dos peixes, bem como aumentar seu bem-estar,
varios estudos estdo sendo realizados com produtos derivados de plantas como, por exemplo,
Oleos essenciais, que constituem uma promissora fonte de moléculas bioativas. Quando
adicionados a alimentacdo dos peixes alguns beneficios sdo observados, como alteracdo na
microbiota intestinal, acdo antioxidantes, acdo imunoestimulantes e podendo até ter funcéo
antimicrobianas (WU et al., 2007; ALY; MOHAMED, 2010).
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1.3. Alimentacdo de peixes

Sabe-se que todos os animais, de modo geral, necessitam de bons nutrientes para
desenvolver as fungdes fisioldgicas basicas, e com os peixes ndo é diferente, para um bom
crescimento, uma reproducdo adequada e outras funcbes fisiologicas é imprescindivel a
ingestdo de nutrientes adequados que sdo obtidos de duas formas: ou alimentos naturais
disponiveis no meio ambiente ou fornecido em ra¢fes comerciais. Quando a producgédo ocorre
em viveiros escavados e em sistema de producdo intensivo e semi-intensivo, o alimento
natural se torna escasso, e € de suma importancia a suplementacédo com dietas balanceadas e
completas, por isso é importante conhecer os habitos alimentares da espécie alvo (ROTTA,
2003).

A maioria dos peixes produzidos comercialmente, em seus habitos alimentares, sao
generalistas 0 que contribui para a ingestdo, digestdo e absorcdo de diferentes tipos de
alimentos (natural ou industrializados), porém quando consomem um determinado tipo de
alimento e esse torna-se escasso 0s peixes podem substituir por outro totalmente diferente,
sendo mais facil isso ocorrer em peixes onivoros (ROTTA, 2003), entretanto peixes
carnivoros (dourado, surubi, traira, etc) aproveitam melhor alimentos de origem animal
porque precisam de maior concentracdo de proteina na dieta, principalmente quando séo
criados em cativeiro (RIBEIRO et al., 2012).

A carpa capim é um peixe de habito alimentar herbivoro, preferindo plantas aquéaticas
submersas sem fibras longas e tecidos sensiveis. S8o seletas e se alimentam principalmente
as bordas das gramineas aquéaticas (GETTS et al., 2009; STANLEY et al., 1978). Sua
alimentacdo pode ser fornecida de forma artificial através de racdo com 30% de proteina
digestivel e 3000 kcal/kg por exemplo, sendo ideal o fornecimento da racdo quatro vezes ao
dia para melhor distribuicdo dos nutrientes essenciais ao metabolismo dos peixes
(MARQUES et al., 2008). Segundo Camargol et al. (2006) para a recria de carpa capim
deve-se ter maior atencdo, pois para ter um ganho de peso e desenvolvimento adequado
apenas a oferta de gramineas ndo € suficiente, por isso é fundamental a suplementacdo com
racdo com quantidade de 1% do peso vivo a cada 2 dias.

Quando cultivadas em sistema intensivos ou semi-intensivos a exigéncias nutricionais

da carpa capim so sdo atendidas com dietas artificiais completas, porém esse modo de cultivo
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acarreta alta densidade de individuos e limita a qualidade da agua, com isso, estdo sujeitos a
stress constante o que prejudica a taxa de crescimento e eficiéncia alimentar, podendo assim
originar enfermidades oportunistas. Para diminuir as enfermidades oportunistas e ampliar a
producdo, os piscicultores comecaram a usar promotores de crescimento e antibioticos, de
forma indiscriminada resultando no desenvolvimento de bactérias resistentes (FULLER,
1989).

Como alternativa, os fitoterapicos ganham espaco na aquicultura, apresentando
vantagens com menor potencial de toxicidade, muitas vias de administracdo, menor
probabilidade de desenvolver resisténcia e menor o impacto ambiental ja que sdo naturais,
fortalecendo, assim, a qualidade do cultivo e diminuindo custo de produgdo (COIMBRA et
al., 2006). Os Oleos essenciais de plantas medicinais tém potencial para o combate de
enfermidades em peixes, possuem baixo custo para sua utilizacdo e seu uso apresenta
beneficios econdémicos e ambientais, disponibilizando ao consumidor um alimento de 6tima
qualidade (SCHALCH et al., 2015). Esses ingredientes vém sendo usado como aditivos
alimentares e estdo apresentando resultados satisfatérios, desse modo, possibilitam a
ampliacdo da producdo e/ou melhoram o sistema imunoldgico dos animais (SANTOS et al.,
2009).

1.3.1. Oleos essenciais: timol

Os Oleos essenciais, como por exemplo o timol, sdo definidos como substancias
complexas volateis, lipofilicas, aromaticas e liquidas, oriundas do metabolismo secundario de
vegetais. Estes podem ser usados como antibacterianos, antivirais, antifingicos, inseticidas,
bem como nos setores de higiene pessoal, perfumaria, cosmética (MILLEZI et al, 2014).

Na alimentagdo animal, principalmente em peixes, podemos citar os mecanismos de
acdo como estimulacdo na digestdo, alteracdo da microbiota intestinal, aumento na
digestibilidade, absor¢do de nutrientes, efeito antimicrobiano e melhora da imunidade
(SANTOS et al., 2009).

O 2-isopropil-5-metilfenol (Figura 1), ou como é conhecido usualmente timol, é
encontrado em diversas plantas aroméaticas (NOSTRO & PAPALIA, 2012; BUTOLO, 2005)

produtoras de oleos essenciais (OLIVEIRA et al, 2018), sendo sintetizado pela primeira vez
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por Caspar Neumann em 1719 (FRIEDRICH, 2014). Em temperatura ambiente o timol é
encontrado em forma de cristais (HOLLAND et al., 2014). A principal planta de onde o
timol é extraido € o tomilho, sendo a plana inteira usada para extracdo. Suas propriedades
mais conhecidas sdo estimulantes na digestdo, antisséptico e antioxidante (BUTOLO, 2005).
Essas propriedades podem favorecer o desempenho zootécnico das carpas, 0 que justifica a

escolha do timol como um aditivo alimentar.

a)

Figura 1: estrutura molecular do timol (Peixoto-Neves et al., 2010)

O timol possui atividade antibacteriana relacionada ao mecanismo de acdo, que
consiste em modificar a permeabilidade da membrana citoplasmatica acarretando a saida do
material intracelular e com isso causando a morte dos microrganismos (GARCIA-CARCIA
et al., 2008). Varios estudos relatam a eficacia dos 6leos essenciais, e destacaram o timol na
atividade antibacteriana. Pozzo et al. (2010) em seu estudo com 33 isolados de
Staphylococcus spp oriundos de rebanhos leiteiros caprinos identificaram a atividade
antibacteriana dos 6leos essenciais. Lima et al (2017) realizou um estudo da atividade
antibacteriana dos monoterpenos timol e carvacrol contra cepas de Escherichia coli
produtoras de f-lactamases de amplo espectro e afirma que tanto o timol quanto o carvacrol
exerceram atividade bacteriostatica nas celas de E. coli. La Rosa (2011) demonstrou que 0s
Oleos essenciais tém atividade contra bactérias intestinais como Escherichia sp., Salmonella
sp, Edwarsiella sp. Pseudomonas sp., Aeromonas sp. e Klebsiella sp com peixes da espécie

Oreochromis niloticus (tilapia do Nilo). O timol na dieta pode ter um efeito antimicrobiano



14

que podem minimizar efeitos negativo de bactérias, e assim reduzira a demanda energética

direcionada para as respostas inflamatorias, disponibilizando mais energia para o0 ganho peso.

1.4. Metabolismo energético

O conjunto de reacdes quimicas denominado metabolismo celular capacita os seres
vivos a transformar e utilizar as energias obtidas do ambiente através do ATP (adenosina-5'-
trifosfato) como intermediario transferidor de energia, sendo o ATP reconhecido pelo seu
papel intracelular no metabolismo energético (NELSON & COX, 2008). Trés enzimas
importantes no processo de homeostase e manutengdo dos tecidos regulando os niveis de
ATP, que sdo elas Creatina Quinase (CK), Piruvato Quinase (PK) e Adenilato Quinase (AK)
e cada uma delas possui uma funcédo especifica (DE FRANCESCHI el al. 2013; JANSEN et
al. 2003).

A CK faz a homeostase energética de células com necessidade energética intermitente,
como por exemplo o coragdo, sendo as doencgas cardiacos relacionadas ao aumento ou
diminuicdo dessa enzima (TOREN et al., 1994). A AK responsavel pela interconversao de
ATP, adenosina difosfato (ADP) e adeosina monofosfato (AMP), ou seja, catalisa a reacdo de
transferéncia de energia entre os nucleotideos ATP, ADP e AMP (DZEJA e TERZIC, 1998).
A PK é a enzima chave para o metabolismo celular, pois regula a rota glicolitica e catalisa a
transferéncia de um grupo fosforil do fosfoenolpiruvato para ADP formar piruvato e ATP
(VALENTIN et al., 2000). O ATP esta envolvido em varios processos bioldgicos diferentes,
entre eles podemos citar transmissdo nervosa, contracdo muscular (musculo cardiaco é um
grande exemplo), coagulacdo sanguinea, dor, processos inflamatorios entre outros. E
atualmente entende-se que o ATP e seus produtos de degradacdo ADP, AMP e adenosina
constituem um conjunto de moléculas que agem como mensageiros das células agindo em
varios tecidos e sistemas (BURNSTOCK., 2006).

Os nucleotideos sdo moléculas sinalizadoras, pois encontram-se presentes em grandes
concentragdes no interior das células quando comparadas ao meio extracelular. Quando o
organismo precisa responder a diferentes estimulos ou condi¢Bes, como dano a membrana
plasmética das células induzido por hipoxia, isquemia ou inflamacéo ha liberacdo de ATP,

pois concentragdes crescentes de nucleotideos podem ser liberadas no meio extracelular. O
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ATP pode ser liberado, também, de células intactas por mecanismos fisiologicos, como por
exemplo na transmissdo nervosa. Assim que liberados no meio extracelular os nucleotideos
interagem com receptores especificos chamados de receptores purinérgicos estabelecendo
comunicagdo “purinérgica” entre as células, sendo finalizada pela a¢do das enzimas que
hidrolisam os nucleotideos até o0s seus respectivos nucleotideos no meio extracelular
(BURNSTOCK, 2006 e BURNSTOCK., 2006)

Para a sobrevivéncia de uma célula normal é importante manter a homeostasia energeética
(FOO et al., 2012), poréem para que ocorra a producdo e consumo de ATP nas células é
necessario que ocorra a interacdo de reacdes enzimaticas de trocas de grupos fosforil de alta
energia com metabolismo energético mitocondrial. Para que isso ocorra é necessario que o
ATP seja produzido e entregue nos locais de consumo (SEGAL et al., 2007; GLORIA-
BOTTINI, et al.,, 2011). Nossa hipdtese € que o timol como um aditivo funcional e
estimulante, vai favorecer a sintese de ATP e consequentemente 0s peixes ganham peso

corporal.

1.5. Sistema antioxidante

Em peixes a resposta ao estresse é algo que ocorre de forma interligada (BARTON,
2002), mas para melhor entendimento é separada em primaria, segundaria (LIMA et al.,
2006) e terciaria (SMALL, 2014; WEENDELAR BONGA, 1997; TORT, 2011), isto &, a)
“primdria” compreende a ativacdo dos centros cerebrais, com a liberagcdo de catecolaminas
(adrenalina e noradrenalina) e corticosteroides (cortisol); b) “secundaria” € a canalizagdo das
acOes e dos efeitos imediatos dos horménios envolvidos na fase primaria em niveis
sanguineos e tecidos, com aumento significativo dos batimentos cardiacos e absorcdo de
oxigénio, a mobilizacdo de substrato e energia e a perturbacdo da osmorregulacdo; e c)
“tercidria” tem manifestacdo na populacdo inibindo a reproducédo, crescimento e resposta
imune.

Para detectar o nivel de estresse em peixes varios parametros sao usados como por
exemplo concentracdo plasmatica de cortisol, catecolaminas, glicose, lactato, lipidios,
eletrolitos, proteinas, creatinina, ureia e entre outros (DAVIS; PARKER, 1986; DAVIS;
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SCHRECK, 1997; WENDELAAR BONGA, 1997). As catecolaminas e o cortisol, sdo
liberados na fase secundaria do estresse, e tem como consequéncia alteragdes bioguimicas no
sangue e nos tecidos dos peixes, incluindo desequilibrio eletrolitico, hiperglicemia,
hiperlactatemia, diminuicdo nos niveis plasméaticos de aminoacidos, acidos graxos livres e
colesterol (MCDONALD; MILLIGAN, 1997; WENDELAAR BONGA, 199; MILLIGAN,
2003).

A fonte primaria de energia é a glicose, em peixes, suprindo a demanda do cérebro e dos
musculos de forma principal. Em situacdo de estresse ha um aumento da glicemia e se deve a
acdo das catecolaminas na quebra do glicogénio hepatico (WENDELAAR BONGA, 2011),
porém o lactato também pode ser usado como fonte glicogénica quando se encontra em
maiores concentragdes (MOMMSEN et al., 1999). Quando o animal se encontra em situagéo
de estresse pode apresentar um aumento na mobilizacdo de aminoacidos, vindos da quebra
das proteinas, bem como alteracbes no metabolismo dos lipidios (WENDELAAR BONGA,
2011). O estresse também pode causar alteracbes nos parametros bioguimicos sanguineos
como niveis de enzimas e substancias importantes da funcdo metabdlica (ureia e creatinina),
que indicam a salde geral dos peixes (CNAANI et al., 2004). Por isso é importante a
avaliacdo bioquimica dos peixes quando se trata de estresse (BARTON, 2002).

Os radicais livres sdo produzidos por processos continuos e fisioldgicos e atuam como
mediadores para transferéncia de elétrons nos processos metabolicos, possibilitando a
formacdo de ATP, em proporc¢des adequadas, através da cadeia transportadora de elétrons,
mas a producdo excessiva pode acarretar danos oxidativo (SHAMI e MOREIRA, 2004,
FERREIRA e MATSUBARA, 1997). Sdo normalmente produzidos pelas mitocondrias,
membranas celulares e citoplasma, sendo a mitocéndria a principal fonte geradora de radicais
livres através da cadeia transportadora de elétrons (GREEN e BRAND, 2004).

O mecanismo de defesa antioxidante se desenvolve quando ha producgdo continua de
radicais livres durante os processos metabolicos, com objetivo de limitar os niveis
intracelulares das espécies reativas e controlar a ocorréncia de danos. (SHAMI e MOREIRA,
2004; BIANCHI e ANTUNES, 1999). Quando ha um desequilibrio entre compostos
oxidantes e antioxidantes ha a instalacdo do processo de estresse oxidativo em favor da
geracdo excessiva de radicais livre. Esse processo ocasiona a oxidagdo das moléculas e como

consequéncia perda das fungdes bioldgicas e/ou desequilibrio homeostatico (HALLIWELL e
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WHITEMAN, 2004). Segundo Ferreira (2004) a producdo de radicais livres desencadeia
eventos patoldgicos.

O sistema antioxidante tem fung&o de inibir e/ou reduzir os danos caudados pela agado
deletéria dos radicais livres ou das espécies reativas ndo-radicais, através de diferentes
mecanismos como: impedir a formacdo de radicais livres ou espécie nao-radicais, como
sistema de prevencdo; impedir a acdo desses ou favorecer o reparo e a reconstrucdo das
estruturas bioldgicas lesada, como sistema de reparo (KOURY e DONANGELO, 2003;
CLARKSON e THOMPSON, 2000). O sistema antioxidante ¢ dividido em dois, enzimatico
e ndo-enzimatico, sendo esse ultimo composto por varias substancias antioxidantes com
origem enddgena ou dietética (HALLIWELL e WHITEMAN, 2004).

Definiremos os antioxidantes como sendo substancias que séo capazes de atrasar ou
inibir a oxidac&o de maneira eficaz, agindo como neutralizadores da agédo dos radicais livres e
espécie ndo-radicais ou participando de sistema enzimatico (HALLIWELL e WHITEMAN,
2004). O sistema de defesa enzimatico é constituido por enzimas superoxido dismutase
(SOD), catalase (CAT) e glutationa peroxidase (GPx), sendo que as duas Ultimas agem
impedindo o acumulo de peroxido de hidrogénio - que agem no mecanismo de prevengédo
impedindo/controlando a formacdo de radicais livres e espécies ndo-radicais e estdo
diretamente ligados na introducdo das reacGes em cadeia que culmina a propagacdo e
amplificacdo do processo com ocorréncia de danos oxidativo (FERREIRA e MATSUBARA,
1997; SCHNEIDER e OLIVEIRA, 2004). As atividades enziméticas muitas vezes dependem
da participacdo de cofatores enzimaticos, especialmente antioxidantes de origem alimentar
(FERREIRA e MATSUBARA, 1997), como por exemplo o timol.

1.6. OBJETIVOS

1.6.1 OBETIVO GERAL

Avaliar a suplementagdo de timol na dieta de carpa capim e seus efeito sobre

desempenho zootécnico, o sistema antioxidante e metabolismo energético.
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1.6.2 OBJETIVOS ESPECIFICOS

- Avaliar se a suplementacdo com timol para carpa capim melhora o desempenho
zootécnico.

- Determinar a melhor dose para suplementacdo de timol.

- Avaliar se o timol na dieta das carpas é capaz de estimular o sistema antioxidante e
assim reduzir os niveis de radicais livres.

- Avaliar se a suplementacdo com timol altera atividade de enzimas do metabolismo
energético a nivel hepatico, e se essa mudanca favorece a producdo de ATP e

consequentemente melhora desempenho.
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2. CAPITULO 1l
MANUSCRITO

Os resultados desta dissertacdo sdo apresentados na forma de um manuscrito, com sua

formatacéo de acordo com as orientacdes da revista ao qual foi submetido.
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ABSTRACT

Thymol is an herbal food additive used to improve animal performance due to its
valuable potential to enhance productive and reproductive performance, bioavailability
of nutrients and health status of fish. However, the exact mechanisms associated to that
remains poorly understood. Recently, some evidences suggested the involvement of the
phosphotransfer network and the antioxidant status. Thus, the aim of this study was to
evaluate whether the improvement of the antioxidant/oxidant status and the phosphoryl
transfer network could be considered pathways involved on enhanced growth
performance in grass carp Ctenopharyngodon idella fed with different dietary thymol
levels (100, 200 and 300 mg/kg feed). Thymol-supplemented diet (100 mg/kg feed)
increased body weight and body weight gain 60 days post-feeding compared to the
control group. Hepatic reactive oxygen species (100 mg/kg feed) and lipid peroxidation
(100, 200 and 300 mg/kg feed) were lower in these groups compared to the control
group. Hepatic superoxide dismutase (300 mg/kg feed) and glutathione peroxidase (100,
200 and 300 mg/kg feed) activities, and antioxidant capacity against peroxyl radicals
(100 mg/kg feed) were higher in these groups compared to the control group. Based on
these evidences, 100 mg thymol/kg dietary supplementation increased growth
performance of fingerlings grass carp. Moreover, thymol dietary supplementation (100
mg/kg feed) was able to improve the hepatic energy metabolism, while practically all
tested concentrations of thymol enhanced the hepatic antioxidant status, which can be
pathways involved on increased growth performance of fingerlings grass carp.

Keywords: phosphoryl transfer network, aquaculture; fish performance; ROS.
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1. INTRODUCTION

Aquaculture is the fastest growing food production sector in the world with an
average annual growth rate of 5.8 % during the period of 2000-2016, reaching 80
million tons of food fish in 2016 (FAO, 2018). This fast growing occurs because
aquaculture is responsible for the supply of fish for human consumption, since fish and
fishery products represent a source of proteins and essential micronutrients for human
health (Marinho et al., 2013). To supply the demand, a number of antibiotics were used
in animal diets as growth promoters in order to avoid disease, improve performance and
increase intestinal microbial population (Bento et al., 2013). However, the emergence of
bio-resistance along with the transmission of resistant microorganisms from animals to
humans and the increasing demand for aquaculture more friendly to the environment,
lead to a crescent search for natural growth promoters (Amer et al., 2018), such as
thymol.

Thymol (2-isopropyl-5-methylphenol) is a natural monoterpene found in some
essential oils extracted from plants, as thyme (Thymus vulgaris) (Hoseini and Yousefi,
2019) and oregano (Origanum heracleoticum) (Zheng et al., 2009), and has been
successfully used in fish nutrition as an herbal feed additive to improve animal
performance, activation of digestive system structure and function, enhancing the
metabolism and reducing the damage of compounds/free radicals from interacting with
cellular biological compounds (Ran et al., 2016; El-Hack et al., 2016; Aanyu et al.,
2018). In this sense, a recent study conducted by Amer et al. (2018) revealed that the
addition of 1 and 2 mL of thymol/kg of the diet was able to improve growth
performance of Nile tilapia (Oreochromis niloticus) fingerlings fed during 75 days.
Also, these authors revealed that thymol improved muscle antioxidant/oxidant status via

reduction of lipid peroxidation and augmentation of glutathione reductase levels,
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concluding that the improvement of antioxidant/oxidant status is a pathway associated
to enhance fish performance. In this sense, some evidences have suggested that the
improvement of antioxidant/oxidant status exerts beneficial effects on enzymes
belonging to the phosphotransfer network, as adenylate kinase (AK) and pyruvate
kinase (PK) (Baldissera et al., 2019), two key enzymes of the energetic metabolism
linked to the adenosine triphosphate (ATP)-production and utilization in tissues with
high and fluctuating energy requirements, as the liver tissue (Dzeja and Terzic, 2003).
The phosphoryl transfer network develops an essential role on energy transfer
and distribution, as well as on securing the cellular economy by the maintenance of the
balance between ATP consumption and production (Dzeja and Terzic, 2003). The PK is
an irreversible enzyme of glycolysis pathway that forms pyruvate and ATP, exerting a
fundamental role to suitable energy production in tissues with high demand of energy
(Wang et al., 2002). Also, AK exerts a role maintaining the bioenergetic balance via
reconverting two adenosine diphosphate (ADP) molecules into one ATP and one
adenosine monophosphate (AMP), which provides the doubling of energetic potential, a
crucial step for the improvement of the intracellular energetic communication and
metabolic monitoring in tissues with high and fluctuating demands of energy (Dzeja and
Terzic, 2009). Recently, a study conducted by Baldissera et al. (2019) demonstrated that
the reduction of hepatic lipid peroxidation and the increase on total antioxidant capacity
caused an augmentation on hepatic PK activity, which directly contributed to improve
growth performance of Nile tilapia fed with a diet containing vegetable choline. Thus,
our hypothesis is that the improvement of the hepatic antioxidant/oxidant elicited by
thymol supplementation can enhance the phosphoryl transfer network, which can

consequently, exert beneficial effect on fish performance.
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Based on these evidences, the aim of the present study was to evaluate whether
the improvement of antioxidant/oxidant status and phosphoryl transfer network could be
considered pathways positively involved on growth performance of grass carp

Ctenopharyngodon idella fed with different levels of dietary thymol.

2. MATERIALS AND METHODS
2.1 Thymol and diet preparation

Thymol (molecular weight: 150.22 g/mol) was purchased from Sigma-Aldrich®
(Séo Paulo, Brazil) for further addition on fish feed. A basal diet was based mainly of
corn, poultry viscera meal, feather meal, and soybean meal, which was crushed and
mixed with other ingredients (Table 1), providing all nutritional requirements for grass
carp. In order to prepare a supplemented diet, inclusion of thymol (0.0, 100, 200 and
300 mg/kg of feed) was performed after preparation of the basal diet. Thymol was
included in the feed after the extrusion process, which was offered to the fish in the

slurry form.

2.2 Fish rearing, maintenance and water quality parameters

Healthy fish were maintained for 10 days in 250 L fiberglass tanks with
continuous aeration under controlled water variables in freshwater. Dissolved oxygen
and temperature were evaluated with an oxygen meter (Model Y5512, YSI, Ohio,
USA), while the pH was measured using a DMPH-2 pH meter (Digimed, SP, Brazil).
Total ammonia levels were determined according to Verdouw et al. (1978) and un-
ionized ammonia (NHz3) levels were calculated using a conversion table for freshwater.
The water parameters were monitored during the adaptation period (tank: 250 L) and

during the experiment in the 16 tank tests.
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These water parameters remained stable throughout all acclimation period:
temperature (23.1 £ 0.2 °C), pH (6.9 £ 0.4), dissolved oxygen (6.8 £ 0.2 mg/L), total

ammonia (0.81 £ 0.03 mg/L), and non-ionized ammonia (0.0041 £ 0.00028 mg/L).

2.3. Experimental design

A total of 160 fingerlings C. idella (7.33 £ 0.12 g; 8.13 £ 0.12 cm) were
maintained in a recirculating aquaculture system and divided into four groups in
quadruplicate with 10 fish per aquarium (60 L) as follows: the group TO (basal diet
without thymol supplementation), T100 (basal diet supplemented with 100 mg
thymol/kg of basal feed), T200 (basal diet supplemented with 200 mg thymol/kg as fed
basis), and T300 (basal diet supplemented with 300 mg thymol/kg as fed basis),
following the protocol stablished by Ran et al. (2016). Fish were fed on one of the
tested diets at feeding rate of 6 % of total biomass for 60 consecutive days. The feed
protocol was divided into two equal portions and offered to fish twice a day at 9:00 am
and 17:00 h. On day 60 post-feeding (PF), all animals were weighed: Fish body weight,
total body length, weight gain and added body length were calculated for the total

period (60 days).

2.4 Sample collection and tissue preparation

On day 61 PF, two fingerlings from each aquarium (n = 8 per treatment) were
collected using natural anesthetic (eugenol 150 mg/L) (Ribeiro et al., 2015), followed
by spinal cord section according to the Ethics Committee recommendations. Thereafter,
the liver was removed and dissected in a glass dish over ice to evaluate the several

parameters.
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To evaluate enzymes belonging to the phosphoryl transfer network, the liver
tissue was washed in SET buffer (0.32 M sucrose, 1 mM EGTA, 10 mM Tris-HCI, pH
7.4) and homogenized (1:10 w/v) in the same SET buffer with a Potter-Elvehjem glass
homogenizer. The homogenates were centrifuged at 800 x g for 10 min at 4 °C. Part of
these supernatants was used to evaluate all parameters (except PK activity). To measure
hepatic PK activity, cell pellets after centrifugation were discarded and the supernatants
were once again centrifuged at 10,000 x g for 15 min at 4 °C. The supernatants were

stored for no more than 2 weeks at —80 °C.

2.5 Hepatic antioxidant/oxidant parameters

Hepatic reactive oxygen species (ROS) levels were determined by the DCFH
oxidation method described by LeBel et al. (1992) as recently published in details by
Souza et al. (2018) using excitation and emission wavelengths of 485 and 538 nm,
respectively, and results were expressed as U DCF per mg of protein. Lipid
peroxidation (LOOH) levels were measured as proposed by Montserrat et al. (2003) and
reported in details by Souza et al. (2018), and the results were expressed as umol CHP
per g of tissue.

Hepatic SOD activity was evaluated spectrophotometrically as described by
Marklund and Marklund (1974), recently published in detail by Souza et al. (2018), and
the enzymatic activity was expressed as SOD units per mg of protein. Hepatic
glutathione S-transferase (GST) activity was measured based on the method described
by Habig et al. (1974) and reported in details by Biazus et al. (2017). Enzymatic activity
was expressed as U GST per mg of protein. Hepatic glutathione peroxidase (GPx)
activity was measured according to the methodology described by Paglia and Valentine

(1967), as reported in detail by Souza et al. (2018). Enzymatic activity was expressed as
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U GPx per mg of protein. Antioxidant capacity against peroxyl radicals (ACAP) levels
was measured according to the protocol established by Amado et al. (2009) and reported
in details by Souza et al. (2018) using wavelengths of 485 nm (excitation) and 520 nm
(emission) for 40 min at 37 °C. The results were expressed as fluorescence units per mg

of protein.

2.6 Hepatic AK, PK and LDH activities

Hepatic AK activity was measured with a coupled enzyme assay using hexokinase
(HK) and glucose 6-phosphate dehydrogenase (G6PD), according to Dzeja et al. (1999)
and published in detail by Baldissera et al. (2019). Hepatic PK activity was assayed
according to the protocol established by Leong et al. (1981) and published in detail by
Baldissera et al. (2019). The activity was expressed in pumol pyruvate formed per min
per mg of protein. The activity was expressed in umol ATP formed/min/mg of protein.
Hepatic lactate dehydrogenase (LDH) activity was measured spectrophotometrically at
340 nm as described by Kaplan et al. (1998) and published in details by Baldissera et al.

(2019). The activity was expressed in pumol lactate oxidized per min per mg of protein.

2.7 Protein determination
Protein content in liver homogenates was determined by the method of
Coomassie blue G dye (Read and Northcote 1981), using serum bovine albumin as the

standard.

2.8 Statistical analyses
Normality and homoscedasticity were analyzed through the Shapiro-Wilk and

Levene tests, respectively. Therefore, statistical analysis was performed using bilateral
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one-way analysis of variance (ANOVA) followed by the Bonferroni post-hoc analysis.
Results were expressed as mean * standard deviation. Statistical manipulations were
performed using R-language, v.3.1 (R Development Core Team 2012). For performance

data regression analysis was performed.

3. RESULTS
3.1 Growth performance

No significant difference was observed between groups regarding length and
feed consumption. However, body weight and body weight gain were higher in group
T100 compared to all others groups (Table 2). In percentage, the body weight of the
fish in 60 days increased 8.7% (T0), 47.1% (T100), 10.9% (T200) and 15.4% (T300).
Regression analysis showed a treatment effect on body weight and weight gain when
the recommended dose of 68.4 mg/kg and 72.6 mg/kg thymol were used, respectively

(Table 1).

3.2 Hepatic antioxidant/oxidant parameters

Hepatic LDH activity was lower in group T100 than on group TO. Hepatic ROS
levels were lower in groups T100, T200 and T300 than those of TO, while hepatic LPO
levels were lower only in the group T100 (Figure 1). Hepatic SOD activity was higher
in group T300 than those of TO, while hepatic GPx activity was higher in groups T100,
T200 and T300 than those of TO. Also, hepatic ACAP levels were higher in group T100

than group TO (Figure 2).

3.3 Hepatic AK, PK and LDH activities
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Hepatic AK activity was higher in group T100 than on group TO. No significant

difference was observed between groups regarding hepatic PK activity (Figure 3).

4. DISCUSSION

The performance results of these fish were atypical; but the authors do not know
how to explain the reason, since the conditions of the water were adequate for the grass
carp, just as the feed had good quality (42%. crude protein). One possible explanation
for the low performance is that carp-grass are hardly fed with only feed, since they are
herbivorous and filtering in the fry phase. This study demonstrated that thymol dietary
supplementation (100 mg/kg of feed) was able to improve grass carp performance, and
the recommended dose, statistically, was of 68.4 mg/kg and 72.6 mg/kg thymol to body
weight and weight gain, respectively. These results were also observed in other fish
species, such as Nile tilapia when fed with 1 and 2 mL thymol/kg of feed (Amer et al.,
2018). The most important data is that thymol dietary supplementation exerted
ameliorative effect on the hepatic antioxidant/oxidant status and the energetic
metabolism, which can be involved in the improvement of grass carp growth
performance.

After 60 days, grass carp that received 100 mg thymol/kg of feed showed an
augmentation on body weight and body weight gain. These results are in agreement to
Amer et al. (2018), who reported that the use of 1 and 2 mL thymol/kg of feed could
satisfy all nutritional requirements of Nile tilapia fingerlings and enhanced body weight,
body weight gain and feed intake in all observed periods (days 0-15, 16-30, 31-45, and
45-60). Our result corroborates with Ahmadifaret al. (2011), who stated that
supplementing the diet with thymol-carvacrol powder from O. vulgare significantly

improved growth performance of rainbow trout (Oncorhynchus mykiss). Moreover,
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Zheng et al. (2009) also reported that a mixture of thymol, carvacrol and oregano oil
could improve body weight gain of channel catfish (Ictalurus punctatus), revealing that
the use of essential oils containing thymol as the main compound can also be an
alternative to improve fish growth performance. In disagreement with our observations,
Giannenas et al. (2012) revealed that 6 g thymol/kg of feed was unable to improve the
body weight and body weight gain of O. mykiss fed for 56 days. Similarly, Aanyu et al.
(2018) demonstrated that 250 and 500 ppm of thymol for 63 days was unable to
enhance body weight and body weight gain of juvenile Nile tilapia. Although several
evidences have demonstrated the beneficial effects of thymol supplementation linked to
growth performance, the exact pathways involved in this effect remain poorly
understood. According to Amer et al. (2018), the enhancement on Nile tilapia
fingerlings growth performance is attributed to enhanced immune and anti-
inflammatory responses, as well as on muscle antioxidant defense system. However, it
is important to emphasize that studies conducted by Giannenas et al. (2012) and Aanyu
et al. (2018) observed a better immune response and antioxidant capacity without
improvement of performance, i.e., these pathways did not contribute to enhance fish
performance. Thus, 100 mg thymol/kg of feed supplementation can be considered as an
interesting approach to improve growth performance of fingerlings grass carp.

Some evidences have suggested the involvement of improved energy
metabolism with increased growth performance, as observed by Baldissera et al. (2019)
while studying the dietary supplementation with vegetal choline. In the current study,
we observed that 100 mg thymol/kg of feed was able to increase hepatic AK activity,
indicating an attempt to double the energetic potential via reconverting two ADP
molecules into one ATP and one AMP, which contributes to improve intracellular

energetic communication and metabolic monitoring in tissues with high and fluctuating
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energy demands, as the liver. Although the hepatic AK activity did not differ between
groups, Baldissera et al. (2019) revealed that supplementations with 800 and 1200 mg
vegetal choline/kg of feed were able to augments other important enzyme of phosphoryl
transfer network, as hepatic PK, indicating an augmentation on production of pyruvate
and ATP in liver tissue, which can contribute to improve energy transfer and
distribution, as well as the balance between cellular adenosine triphosphate (ATP)
consumption and production. It is important to emphasize that decrease on hepatic LDH
activity is a consequence of hepatic energetic metabolism improvement elicited by
increased AK activity, indicating that the anaerobic metabolism was not necessary to
provide the sufficient energy to meet the energy requirements to suitable physiological
functions of fingerlings grass carp, which can contribute to enhanced fish growth
performance and health, as observed by Yousefi et al. (2018). Thus, the increase on
hepatic AK activity, as well as the inhibition on hepatic LDH activity can be a pathway
linked with improved growth performance in fingerlings grass carp supplemented with
100 mg VC/kg of feed.

In order to explain the ameliorative effects on AK activity, we decided to
evaluate several oxidative-stress related parameters, since this enzyme is susceptible to
inactivation by free radicals and oxidative damage. As expected, all thymol
concentrations were able to reduce the hepatic ROS production, while 100 mg
thymol/kg of feed reduced lipid peroxidation, in agreement to Amer et al. (2018).
According to these authors, 1 and 2 mL thymol/kg of feed decreased lipid peroxidation
in the muscle of Nile tilapia, which contributed to ameliorate the antioxidant status.
Also, it is important to emphasize that a decrease on lipid peroxidation can be a direct
consequence on reduced ROS levels, since it is the major pro-oxidant free radical linked

with lipid peroxidation (Kwiecien et al., 2014). In our present study, the dietary
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supplementation with thymol was able to enhance the hepatic antioxidant defense
system, as observed by the increase on hepatic SOD (400 mg thymol/kg of feed) and
GPx (all concentrations) activities, as well by increased ACAP (100 mg thymol/kg of
feed) levels. In agreement to our observations, Amer et al. (2018) revealed that 1 and 2
ml thymol/kg of feed exerted ameliorative effects on antioxidant status via
augmentation on muscle glutathione reductase levels and catalase activity, which
contributed to increase fish growth and health. Similarly, Hoseini and Yousefi (2018)
revealed that the use of thyme extract (5, 10 and 15 %), where the thymol is the main
component, elicited a reduction on lipid peroxidation with concomitant increase on
SOD and GPx activities in the gut of O. mykiss after 14 days of supplementation.
Moreover, it is important to note that the improvement of antioxidant system can be a
pathway associated to elevated AK activity, since the ameliorative antioxidant system is
required for suitable functioning of phosphoryl transfer network (Grins et al., 2018). In
this sense, a study conducted by Baldissera et al. (2019) revealed that augmentation on
hepatic PK activity is a consequence of a reduction on hepatic ROS and LPO levels,
which contributed to enhance growth performance of Nile tilapia fed with 800 and 1200
mg vegetal choline/kg feed. Thus, the improvement on hepatic antioxidant status can be
a pathway linked with the improvement on AK activity and a consequent increase on
the grass carp performance.

Based on these evidence, 72.6 mg thymol/kg dietary supplementation tested in
the present study increased the weight gain of fingerlings grass carp. Moreover, thymol
dietary supplementation (100 mg/kg feed) was able to improve the hepatic energy
metabolism, while practically all thymol tested concentrations enhanced the hepatic
antioxidant status, which can be pathways involved in the increase of growth

performance of fingerlings grass carp. However, it is important to note that, according
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to the statistical analysis, that even lower doses of thymol may potentiate the

performance of carp.
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Table 1: Centesimal, calculated and analyzed compositions of fish diet without thymol.

Ingredients a/kg
Ground corn 320.0
Poultry viscera meal 280.1
Feather meal 280.0
Soybean meal* 74.4
Limestone 40.0
Vitamins and Minerals premix? 4.00
Antifungal 1.00
Antioxidant 0.50
Calculated composition

Dry matter, % 90.6
Crude protein, % 42.0
Digestible energy, Mcal/kg 3.25
Calcium, % 2.77
Non-phytate phosphorus, % 0.98
Sodium, % 0.19
Neutral detergent fiber 4.79
Acid detergent fiber 1.74

Product with 46% of crude protein; Cooperalfa, Brazil; 21 kg of vitamins and minerals
premix provided the minimum of: Calcium 166 g; copper 357 mg; chrome 9.4 mg; iron
2.34 ¢, phosphorus 35 g; carnitine 1041.6 mg; phytase 11666 FTU; lysine 46.67 g;
manganese 1.17 g; selenium 10.5 mg; sodium 40.8 g; zinc 2.81 g); folicacid 93.70 mg;
pantothenic acid 468 mg; biotin 10.55 mg; choline 12.50 g; niacin 703 mg; vitamin A
233000 Ul; vitamin B12 703 pg; vitamin B2 117 mg; vitamin B6 70 mg; vitamin D3
46600 Ul, vitamin E 1288 Ul; vitamin K3 58 mg; methionine 11.57 g; threonine 35 g;
tryptophan 5.83 g; valine 23.33 g; Bacillus licheniformis 13.33 x 10° UFC; and B.
subtilis 13.33 x 10° UFC.
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Table 2: Performance of grass carp (Ctenopharyngodon idella) fed with different levels of thymol in the diet for 60 days

40

Starter values

Values at 60 days

Initial body Initial total Feed intake, Body weight®&  Weight gain¥, Total length, Length gain,
Level weight, g length, mm g 60, g g mm mm
0 7.52 8.00 28.25 8.18" 0.66" 10.25 2.25
100 7.27 8.16 31.65 10.70% 3.43% 11.78 3.65
200 7.24 8.225 27.37 8.03" 0.79° 10.58 2.35
300 7.30 8.20 28.33 8.43° 1.12° 10.58 2.37
Qualitative statistical analysis
p= 0.704 0.714 0.164 0.002 0.006 0.230 0.143
CV 11.46 6.63 9.15 9.63 66.30 9.69 33.88
Quantitative regression analysis
Linear model 0.704 0.542 0.552 0.542 0.714 0.922 0.695
Quadratic model 0.866 0.802 0.612 0.254 0.247 0.417 0.383
Square root model 0.707 0.653 0.328 0.042 0.044 0.209 0.166
Equation parameters for "Square root" model*

a 8.261 0.742

b 0.440 0.484

C -0.027 -0.028

R2 0.387 0.383

Maximum point 68.35 72.61

*Dependent variables = a + b*Level™(1/2) + c*Level.

EX: *Body weight 60 days (g) = 8.261+0.440*level*(1/2)-0.027*Level, (R2=38.7) and maximum point 68.35 mg/kg; Weight gain

(9)=0.742+0.484*level™(1/2)-0.028*Level, (R2 38.3) and maximum point 72.61 mg/kg.

&For body weight and weight gain the difference between groups was illustrated by different letters in the same column (? and ).
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Figure 1: Hepatic and lactate dehydrogenase (LDH) activities [A], reactive oxygen species

(ROS) [B] and lipid peroxidation (LPO) [C] levels of grass carp (Ctenopharyngodon idella)

fed with different thymol levels for 60 days. Bars with different letters indicate significant

difference between groups at p < 0.05



42

a) SOD activity b) GST activity
5 60
P <001 2 P<0.001
30
g 4 = ab
s 5 w0 b
[ o,
w7 0
on @ 30
a =)
s B
= 2w
0 0
T100 T300 ™ T100 T300
c) GPx activity d) ACAP levels
1 P <0.001 B 3
.
L8 -3 23
5 s 2e
= 1.5 - o .
IE_ E —3 s
w12 g »
N 3E 15
2 o9 =E &
-— : ::g (%] b
= 2 3
w06 ZE 1
~ 03 = 0.5
o 0
T100 T300 O T100 T300

Figure 2: Hepatic superoxide dismutase (SOD) [A], glutathione S-transferase (GST) [B],
glutathione peroxidase (GPx) [C] activities, and antioxidant capacity against peroxyl radicals
(ACAP) [D] levels of grass carp (Ctenopharyngodon idella) fed with different thymol levels

for 60 days. Bars with different letters indicate significant difference between groups at p <

0.05

42



43

AK activity

0,1
= P <0.001
n d
= 008
= = 006 b
3 5 ’ b
2 5 om
=
= o

0

0 T100 T200 T300
. PK activity
- 0,02
= P>0.05
= 0,015
e
E B
o & 001
E
=
= 0,005
0
! T100 T200 T300

Figure 3: Hepatic adenylate kinase (AK) [A], pyruvate kinase (PK) [B] of grass carp
(Ctenopharyngodon idella) fed with different thymol levels for 60 days. Bars with different

letters indicate significant difference between groups at p < 0.05
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3. CONSIDERACOES FINAIS

O estudo era para ser feito inicialmente com tilapias, porém houve alguns
contratempos e para ndao perdermos os prazos realizamos com carpa capim. O uso de 100 mg
de timol/kg de suplementacdo dietética de timol aumentou o ganho de peso de juvenil de
carpa capim, sendo que estatisticamente verificamos que a dose calculada para ganho de peso
foi de 72,6 mg de timol/kg. Além disso, a suplementacdo dietética de timol (100 mg/kg de
racdo) foi capaz de melhorar o metabolismo hepatico, enquanto praticamente todas as
concentracdes testadas aumentaram o status antioxidante hepatico, que pode ter
potencializado a melhoria de desempenho de crescimento dos juvenis. No entanto, é
importante notar que, de acordo com a analise estatistica, doses ainda mais baixas de timol
podem potencializar o desempenho da carpa. Desta forma aprimorar o uso de timol, para
carpas capim, e determinar a dose ideal de utilizacdo € necessario a realizacdo de estudos

complementares.
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RIVEREIDADE Comissdo de Etica no

CENTRO DE CIENCIAS
DO ESTADO DE 2 H T
O8 - Coanne | AGROVETERINARIAS Uso de Animais

CERTIFICADO

Certificamos que a proposta intitulada "Adicgo de timol na dieta de tildpia: efeitos sobre desempenho e agdo antimicrobiana
protetora contra infeccdo por Aeromonas spp.”, protocolada sob o CEUA n® BA1T7050418 o coosz=), s0b & responsabilidade de
Aleksandro Schafer da Silva - gue envolve a produgdo, manutengao efou utilizacdo de animais pertencentes ao filo Chordata,
subfile Vertebrata (exceto o homem), para fins de pesguisa cientifica ou ensino - esta de acordo com os preceitos da Lei 11.794 de
B de outubro de 2008, com o Decreto 6.899 de 15 de julho de 20049, bermn como com as normas editadas pelo Conselho Macional de
Controle da Experimentacio Animal (COMCEA), e foi aprovada pela Comissdo de Etica no Uso de Animais da Universidade do
Estado de Santa Catarina (CEUA/UDESC) na reunido de 06/06/2018.

‘We certify that the proposal “Addition of thymal in tilapia diet: effects on performance and protective antimicrobial action against
infection by Aeromonas spp.”®, utilizing 160 Fishes {males and females), protocol number CELA 8817050418 o omezs), under the
responsibility of Aleksandro Schafer da Silva - which involves the production, maintenance andjor use of animals belonging to
the phylum Chordata, subphylum Vertebrata (except human beings], for scientific research purposes or teaching - is in accordance
with Law 11.7%94 of October 8, 2008, Decree 6899 of uly 15, 2009, as well as with the rules issued by the National Council for
Control of Animal Experimentation (CONCEA), and was approved by the Ethic Committee on Animal Use of the University of Santa
Catarina State (CEUA/UDESC) in the meeting of 06/06/2018.

Finalidade da Proposta: Pesquisa (Académica)

Vigéncia da Proposta: de D1/2018 a 072019 Area: Zootecnia

Origam: Mao aplicawel biotério

Espécie: Peines sexp:  Machos & Fémeas idade: 40 a 150 dias N: 160
Linhagem: Tilapias Peso: Ballg

Local do experimento: O projeto vai ocorrer no municipio de Chapecd-5C, na UDESC-CED, em galpgo experimental em construgao
que vai abrigar o Laboratdrio de Piscicultura da UDESC Oeste.

Lages, 02 de abril de 2019

Wpfzcle

Marcia H.eglna Ffuetzenreiter Prof. Dr. Ubirajara Maciel da Costa
Coordenadora da Comissao de Etica no Uso de Animais Vice-Coordenador da Comiss3o de Etica no Uso de Animais
Universidade do Estado de Santa Catarina Universidade do Estado de Santa Catarina
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