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RESUMO
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AUTOR: Angelisa Hahn Biazus
ORIENTADOR: Aleksandro Schafer da Silva
Chapeco, 17 de marco de 2017

O objetivo desse estudo foi avaliar o efeito da suplementacdo injetavel com disseleneto de
difenila (PhSe)2- na producéo e composicéo de leite em ovelhas leiteiras, assim como investigar
se a dose usada foi capaz de promover ativacdao do sistema antioxidante e anti-inflamatério, sem
afetar a salde dos animais e sem causar impactos negativos ao ambiente através de excretas.
Foram selecionadas 16 fémeas ovinas primiparas. Esses animais foram divididos em dois grupos
(A e B) com oito animais cada, sendo os animais do grupo A usados como controle (sem
suplementacdo) e os animais do grupo B que receberam (PhSe), por via subcutanea na dose de
3,0 umol/kg nos dias 1, 7, 14, 30 e 45 do experimento. A producdo de leite foi medida em
intervalos de sete dias, ja a composicdo centesimal, os niveis de antioxidantes totais (FRAP) e
niveis de oxidac&o proteica (AOPP) no leite foram avaliados em intervalos de 15 dias. Também
em intervalos de 15 dias foram coletadas amostras de sangue para avaliar niveis oxidantes,
através varidveis EROs (especies reativas ao oxigénio) e TBARS (peroxidacéo lipidica), avaliou-
se a atividade de enzimas antioxidantes como a SOD (superdxido dismutase), CAT (catalase),
GST (glutationa S-transferase) e GPx (glutationa peroxidase). E na amostras de soro foram
analisadas a atividade da ALT e os niveis de triglicerideos, proteina sérica total, colesterol,
albumina, ureia, globulina e interleucina-10 (IL-10). Amostras de fezes para avaliacdo da
infeccdo parasitaria e para testes de ecotoxicologia foram coletadas. Como resultados desse
estudo, destacamos que ndo houve diferenca significativa na producdo de leite, no entanto, a
suplementacdo com (PhSe). causou um aumento nos niveis de gordura e redugdo nos niveis de
lactose e proteina em alguns momentos do experimento nas ovelhas. As suplementadas também
tiveram um aumento nos niveis de extrato seco total e minerais. No leite foi observado niveis
maiores de oxidacdo proteica (AOPP) associada a menores niveis de antioxidantes totais (FRAP)
nos animais do grupo controle comparado ao grupo suplementado com (PhSe).. Verificou-se
reducdo significativa nos niveis séricos de TBARS nos animais do Grupo B e elevacdo na
atividade das enzimas GTS, GPx, SOD e CAT. Também foi observado um aumento de IL-10 nas
ovelhas suplementadas com (PhSe).. N&o foi verificada alteracdo nos parametros bioquimicos
usados para avaliar a saude dos animais pos-tratamento, assim como a suplementagcdo com
(PhSe)> nédo reduziu contagem de ovos de helmintos nas fezes dos animais. Nos testes
ecotoxicologicos com colembolos, verificou-se que as fezes das ovelhas suplementadas com
(PhSe). podem ser usadas na adubagdo organica, sem causar impacto negativos a fauna do solo.
Portanto, com base nos resultados & possivel concluir que o protocolo de suplementacdo
subcutanea com (PhSe)2 nas ovelhas leiteiras foi capaz de ativar o sistema antioxidante e anti-
inflamatdrio, assim como alterar a composic¢éo do leite das ovelhas. Além disso, a suplementacéo
aumentou os niveis de antioxidantes e reduziu consequentemente os niveis de oxidantes no leite,
0 que pode refletir em um aumento no tempo de prateleira desse produto.

Palavras-chave: Antioxidantes, borregas, resposta imunologica.
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The aim of this study was to evaluate the effects of injectable supplementation of diphenyl
diselenide (PhSe). on milk production and composition in dairy sheep, as well to investigate
whether the dose used was able to promote the activation of the antioxidant and anti-
inflammatory system, without affecting the health of animals and without causing negative
impacts to the environment through excreta. In the experiment, 16 primiparous ovine females
were selected. These animals were divided into two groups (A and B) with eight animals each.
The animals of group A being used as control (without supplementation) and the animals of
group B being supplemented whith dose of 3,0 umol / kg at subcutaneous, of (PhSe),, on days 1,
7, 14, 30 and 45 of the experiment. Milk production was evaluated at 7-day intervals, while the
centesimal composition, total antioxidant levels (FRAP) and protein oxidation levels (AOPP) in
the milk were evaluated at 15-day intervals. Also at 15-day intervals, blood samples were
collected to evaluate oxidant levels through variables such as EROs and TBARS (lipid
peroxidation), as well as the activity of antioxidant enzymes, such as SOD (superoxide
dismutase), CAT (catalase), GST (glutathione S-transferase) and GPx (glutathione peroxidase).
Serum samples were analyzed for ALT activity and levels of triglycerides, total serum protein,
cholesterol, albumin, urea, globulin and interleukin-10 (IL-10). Stool samples for parasite
infection evaluation and for ecotoxicology tests were also collected during the experiment. As a
result of this study, we emphasize that there was no significant difference in milk production,
however, supplementation with (PhSe). caused an increase in fat levels and reduction in lactose
and protein levels at some moments of the experiment in the sheep. The supplemented ones also
had an increase in the levels of total dry extract and minerals. In the milk, higher levels of protein
oxidation (AOPP) associated with lower levels of total antioxidants (FRAP) were observed in the
control group compared to the group supplemented with (PhSe).. There was a significant
reduction in the serum levels of TBARS in the animals of Group B and elevation in the activity
of the GTS, GPx, SOD and CAT enzymes. An increase of IL-10 in sheep supplemented with
(PhSe), was also observed. No change was observed in the biochemical parameters used to
evaluate post-treatment animal health, as well as supplementation with (PhSe). did not reduce
counts of helminth eggs in the feces of the animals. In ecotoxicological tests with coleopters, it
was verified that sheep feces supplemented with (PhSe)> can be used in organic fertilization
negatively impacts the fauna of the soil. Therefore, based on the results, it is possible to conclude
that the protocol of subcutaneous supplementation with (PhSe). in dairy sheep was able to
activate the antioxidant and anti-inflammatory system, as well as to alter the milk composition of
the sheep. In addition, supplementation increased levels of antioxidants and consequently reduced
levels of oxidants in milk, which may reflect an increase in the shelf life of this product.

Keywords: Antioxidants, immune response, lambs.
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CAPITULO |

REVISAO DE LITERATURA

1. PANORAMA DA OVINOCULTURA DE LEITE

A producao de leite mundial, segundo dados da FAO (2015), gira em torno dos bovinos,
sendo que o rebanho leiteiro ovino ocupa a 42 posicao entre as espécies produtoras no mundo. Até
2013, a producdo de leite era de 769 milhdes de toneladas ao ano, e nesse total, apenas 1% era
produzido por ovelhas (FAO, 2015). No Brasil, essa atividade iniciou em 1992 com a chegada
dos primeiros ovinos de aptiddo leiteira da raca Lacaune, originaria da Franca, que se adaptaram
muito bem as caracteristicas de clima e pasto do sul do pais. As fémeas dessa raca chegam a
produzir 4,5 litros de leite no seu pico de lactagdo, que ocorre cerca de 30 dias apds o parto
(LUQUET, 1991).

Diante de um mercado promissor, a criacdo ovina para diversos fins vem crescendo no
Brasil, atingindo em 2014 um ndmero préximo a 18 milhdes de cabegas. O estado de Santa
Catarina possui um pequeno percentual da producdo nacional, isto é, 300 mil ovinos, sendo que
destes, 1,7% destinados para a producdo de leite. A maior concentracdo de animais, criados para
diversos fins no estado localiza-se na regido oeste, com pouco mais de 42% no total estadual
(IBGE, 2010), o que pode ser em decorréncia da acao de alguns produtores e incentivo de érgdos
publicos.

O leite ovino € considerado o mais rico nuticionalmente entre os leites utilizados em
laticinios (FURTADO, 2003; HAENLEIN e WENDORFF, 2006), apresentando elevados teores
médios de proteina (5,62%), gordura (7,61%), sélidos totais (19,05%) e lactose (4,70%)
(BENCINI e PURVES, 1990; NUDDA et al., 2002; HAELEIN, 2004; PARK et al., 2007
STUBBS et al, 2009) e possuindo particularidades como coloragcdo branco-perolada
caracteristica relacionada a falta de carotendides em sua gordura, opacidade marcante e maior
viscosidade que o leite de outras espécies (ASSENAT, 1991). Tem maior resisténcia a
proliferacdo microbiana devido a atividade imunoldgica presente e ao seu poder tampéo
(MARTINS, 2000). Essas propriedades tornam o leite adequado para a elaboragdo de queijos e
iogurtes, que servem como alternativa para a substituicdo dos produtos oriundos do leite bovino
(RAYNAL-LJUTOVAC et al., 2005).



Vérios fatores podem contribuir para a variacdo da composicéo e qualidade do leite das
ovelhas, destacando-se o0 ambiente, a raca, idade, estagio de lactacdo, técnicas de ordenha e nivel
nutricional dos animais (PEETERS et al., 1992; BENCINI e PULINA, 1997). Além do aspecto
nutricional, os problemas sanitarios que podem acometer ovinos afetam a glandula mamaria e
assim contribuem tanto na quantidade como na qualidade do leite produzido (BENCINI e
PULINA, 1997).

2. DESAFIOS SANITARIOS E NUTRICIONAIS

Ovelhas gestantes exigem maior atencdo quanto as questBes nutricionais, pois esta
condicdo eleva as necessidades alimentares, especialmente durante as Gltimas seis semanas de
gestacdo, fase esta em que o feto tem seu desenvolvimento acelerado e completa
aproximadamente 70% do seu crescimento (PILAR; PEREZ; SANTOS, 2002). Na mesma fase,
ocorre aumento das necessidades maternas por nutrientes para que o Ubere se desenvolva e a
prépria ovelha mantenha-se fisiologicamente saudavel (EL-SHERIF e ASSAD, 2001; SAINZ,
2010). Durante o pré-parto, é comum que ocorram desequilibrios metabdlicos, que sdo definidos
como um desbalanco entre a ingestdo de alimentos e o uso dos nutrientes (ROYAL et al., 2000;
BUTLER et al., 2003; DOBSON et al., 2007; NRC, 2007; MAAS e PEARSON, 2009)

_Esse desequilibrio de nutrientes que ocorre nas ultimas semanas de gestacdo, se estende
por até trés semanas apds o parto, periodo esse chamado de transicdo (INGRAHAN e KAPPEL,
1988). Nesse momento, o consumo alimentar vai ser responsavel pela elevacéo ou diminuicdo da
producdo lactea, do escore corporal do animal no puerpério, do aparecimento de enfermidades e
consequentemente, do intervalo entre os partos (ROSSATO et al., 1999).

A fémea ovina se encontra em pelo menos trés situacdes referente a seu estado nutricional
no periodo de lactacdo, isto €, (1) a primeira diz respeito ao pos-parto, onde ela apresenta balanco
energético negativo, sendo que sua producédo de leite é crescente, associado a baixo consumo de
alimentos, que faz com que ocorra mobilizagéo das reservas corporais (RODRIGUES, 2004); (2)
a segunda se relaciona ao balango energético igual a zero, ou seja, a produgdo de leite estd
reduzindo e a fémea j& atingiu o pico de consumo de matéria seca (LUCCI, 1993); (3) e a

terceira, € 0 momento em que o balanco energético é positivo e onde as reservas corporais sao
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reestabelecidas (SANTOS et al., 1993). Cabe ressaltar que a producdo leiteira é diretamente
afetada pelo balango energético negativo, isto €, além de afetar a producdo de leite, causa
decréscimo nos niveis de proteina e aumenta niveis de gordura do leite (WENDORFF, 2002).

Todos esses fendmenos ocorrem em todas as fémeas, independente da idade, porém, as de
primeira cria apresentam alguns processos exacerbados. As primiparas irdo parir seu primeiro
cordeiro e normalmente possuem menos de 1,5 anos de idade. Em geral, produzirdo menos
quantidade de leite que as fémeas com mais de 2,5 anos por que estdo em fase de crescimento, e
isso vai influenciar diretamente no desenvolvimento do cordeiro (SILVA e ARAUJO, 2000;
RIBEIRO et al., 2004). A alimentacdo dessas borregas deve ser equilibrada durante toda a
prenhez e seu desenvolvimento corporal deve ser observado. No ter¢o final da gestacdo, a
capacidade de ingestdo dessas fémeas ndo é maxima e o crescimento elevado do feto, que ocupa
muito espaco, reduz ainda mais a capacidade de ingestdo, enquanto aumenta a demanda por
nutrientes. Além disso, essas fémeas precisam atender as exigéncias da sua propria manutencao e
desenvolvimento, afinal, ainda est4 em fase de crescimento (SUZIN et al., 2002). Acredita-se que
as borregas, assim como as novilhas, apresentem mais propensdo a disturbios no pds-parto como
distocia, metrite e toxemia (principalmente em caso de partos gemelares) (MEYER et al., 2001;
UEMATSU et al., 2013; DUBUC et al., 2010) e que esses disturbios estejam relacionados ao
desenvolvimento incompleto desses animais na primeira prenhez, dependendo da sua idade.

De modo geral, ovinos apresentam maior quantidade de transtornos metab6licos no
periodo pré-parto do que em qualquer outro periodo (CELI, 2010) e isso ocorre em decorréncia
do desenvolvimento fetal acelerado e do inicio da producdo de leite conforme ja mencionado
(OLIVEIRA et al., 2008). Um exemplo comum de patologia observada durante esse periodo € a
toxemia da prenhez (BROZOS et al., 2011), considerada fatal quando ndao ha um diagndstico
apurado ou tratamento adequado (MAVROGIANNI e BROZOS, 2008). O desenvolvimento
dessa doenca coincide com a tentativa malsucedida da ovelha em atender a demanda do feto em
crescimento (HARMEYER e SCHLUMBOHM, 2006). Esse transtorno esta associado muitas
vezes a ovelhas obesas, nas quais ha depdsito de gordura visceral, causando, juntamente com o
utero gravidico, compressdo dos 6rgdos digestivos, sobretudo o rdmen, reduzindo assim a
capacidade de ingestdo (VAN SAUN, 2000). Ovelhas com toxemia podem dar origem a
cordeiros normais, no entanto, ha riscos de os cordeiros serem fracos (BROZOS et al., 2011)
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A prenhez e o periodo poés-parto exigem das fémeas uma adequada adaptagdo, torna-se
necessario um intenso processo metabdlico sendo que ha modificagdo do metabolismo energético
e maior consumo de oxigénio. Devido a esses fatores, essa fase € apontada também como periodo
fisiolégico favoravel ao estresse oxidativo (GRUMMER, 1993; GOFF e HORST, 1997
DRACKLEY, 1999; BERNABUCCI et al., 2002). Este evento ocorre em decorréncia do
desequilibrio entre as substancias antioxidantes e os radicais livres, ou também chamados
espeécies reativas de oxigénio (ERO’s). Dependendo da intensidade desse desequilibrio, podem
surgir danos moleculares as estruturas celulares com consequente prejuizo das fungdes vitais
(DROGE, 2002; RIBEIRO e GONZALEZ, 2003; HALLIWELL e GUTTERIDGE, 2007,
WEIGEL, 2008). Acredita-se que em ruminantes, o estresse oxidativo pode estar envolvido em
diversas condicdes patoldgicas relacionadas a reproducdo, desempenho e bem-estar animal
(MILLER; BRZEZINSKA-SLEBODZINSKA; MADSEN, 1993; BEATTY et al., 2006;
ESMAEILNEJAD et al., 2012).

Para barrar essas acdes danosas, o sistema antioxidante atua de diversas formas, incluindo
0 bloqueio da formacdo dos radicais livres ou espécies nao radicais (sistemas de prevencao),
inibicdo da acdo dos compostos oxidantes (sistemas de varredura) ou reparacdo da constituicao
das estruturas bioldgicas lesadas (sistemas de reparo) (CLARKSON, 2000). Ferreira e Matsubara
(1997) citaram a divisdo do sistema de defesa em enzimético e ndo-enzimatico, sendo que faz
parte do sistema enzimatico as enzimas superdxido dismutase (SOD), catalase (CAT) e glutationa
peroxidase (GPx), que agem por meio de mecanismos de prevencdo. Para 0s mesmos autores, a
GPx é a enzima que merece maior atencdo entre elas, uma vez que sua acdo depende da
manutencdo do ciclo redox da glutationa por meio do controle da relagdo entre a glutationa
reduzida (GSH) e a oxidada (GSSG). Enguadrados como compostos ndo enzimaticos estdo os
antioxidantes de origem dietética, dos quais podemos tomar como exemplo as vitaminas (acido
ascorbico, a-tocoferol, b-caroteno), os compostos fendlicos e 0os minerais, sendo que 0s de maior
destaque s&o o zinco, cobre e o0 selénio (BIANCHI e ANTUNES, 1999).

Diante de tantas alteracdes ocasionadas pela prenhez, as ovelhas, assim como as demais
feméas ruminantes ainda apresentam resposta imunoldgica reduzida a fim de manter o concepto.
No entanto, essa situacdo deixa os animais mais propensos a doencas infecciosas e verminoses
(GENNARI et al., 2002). Ovelhas no periparto tornam-se mais susceptiveis a verminoses
(CAVALCANTE et al., 2009) embora esse fendmeno tem gravidade e intensidade variavel
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conforme a raga ovina, afinal, racas com maior resisténcia helmintica apresentam fendmenos
periparto mais discretos (AMARANTE et al., 1999; WANYANGU et al., 1997; ROCHA et al.,
2004). De acordo com a literatura, para que ocorra a infeccdo por helmintos € necessario
adequada condicdo climatica, resposta imunitaria deficiente dos animais, assim como manejo
incorreto dos individuos (CAVALCANTE et al., 2009). O prejuizo relacionado a infeccao por
parasitas, principalmente helmintos, inclui severa depressdo da capacidade digestiva e da
absorcdo na mucosa (MATTOS et al., 2005), podendo assim o animal apresentar reducdo do
ganho de peso, além de comprometimento de func¢des reprodutivas e imunoldgicas (COSTA et
al., 2004).

Para controle da verminose em ovinos € feito o uso de anti-helminticos e manejo de
pastagens (SOTOMAIOR, 2002; CROOK et al., 2016). No entanto, muitos dos principios ativos
ndo sdo eficazes devido a resisténcia anti-helmintica adquirida pelos parasitos (KAPLAN e
VIDYASHANKAR, 2012). De acordo com a literatura, o controle parasitario também esta
diretamente relacionado a condi¢fes nutricionais, manejo, estado fisiologico e idade dos animais
(CAVALCANTE et al., 2009), afinal, individuos que recebem alimentacdo de boa qualidade
provavelmente desenvolverdo habilidade para enfrentar os prejuizos causados por parasitos
(COOP e KYRIAZAKIS, 2001) e passar por adversidades metabdlicas (HOUDIJK et al., 2001).
Na ovinocultura de leite, no entanto, é necessario ressaltar que o tratamento com alguns anti-
helmintico ndo pode ocorrer no periodo de lactacdo, a fim de evitar residuos no leite. Em virtude
disso, ha necessidade de buscar alternativas, pois € nesse periodo que os animais estdo mais
susceptiveis a varias doencas. Nesse sentido, muitos pesquisadores tém sugerido a suplementacgéo
mineral como uma opcdo para diminuir os efeitos negativos do periodo de transicdo e
proporcionar melhor qualidade de vida aos animais, reduzindo perdas ao produtor (BOUWSTRA,
2010; SEIJAN et al., 2014).

3. SUPLEMENTACAO MINERAL

Para que as ovelhas apresentem melhor desempenho e possam recuperar-se

adequadamente no pos-parto, a adi¢do de produtos a dieta que fornecam suporte nesse periodo
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critico pode ser uma 6tima opcéo. Dentre os elementos utilizados para este fim ressaltam-se 0s
minerais.

De acordo com o nivel de exigéncia, minerais podem ser classificados em macro ou
microminerais, ou seja, macrominerais sao requeridos pelo organismo em grandes proporcoes
(quantidades maiores que 100 ppm), e sdo usados principalmente para funcOes estruturais ou
mantenca do balanco &cido-base. Dentro desse grupo se encaixam o célcio (Ca), fésforo (P),
magnésio (Mg), enxofre (S), sodio (Na), potassio (K) e cloro (Cl). Microminerais por sua vez
sdo exigidos em propor¢cdes menores que 100 ppm e atuam principalmente como co-fatores
enziméticos contribuindo de forma estrutural ou funcional para a atividade das enzimas,
horménios ou vitaminas e sdo representados pelo zinco (Zn), ferro (Fe), cobalto (Co), cobre
(Cu), molibdénio (Mo), manganés (Mn), iodo (I), selénio (Se), flaor (F) e niquel (Ni)
(BERCHIELLI et al., 2006; MENDONCA JUNIOR et al., 2011).

Os minerais podem ainda ser classificados em inorganicos ou orgéanicos. De acordo com
Araldjo et al. (2008), minerais inorganicos podem ser definidos como aqueles de origem
geoldgica ou industrial (6xidos, sulfatos, cloretos, carbonatos e fosfatos) e apresentam custo
menor que 0s organicos. Por sua vez, 0s minerais organicos ou quelatados, sdo descritos por
Moraes (2001) como elementos minerais fixados com moléculas orgénicas de baixo peso
molecular e apresentam alto potencial pois na forma organica ha maior biodisponibilidade e
melhor aproveitamento, garantindo que a dose fornecida seja menor quando comparada com o
mineral inorganico, reduzindo uma possivel contaminacdo através de dejetos excretados no
ambiente (CANIATTO, 2011).

As exigéncias minerais sdo altamente dependentes do nivel de produtividade dos animais
(BERCHIELLI et al., 2006). Além da utilizacdo para funcdes fisioldgicas dos animais 0s
minerais sdo requeridos também pelos microorganismos do rimem para Seu crescimento e
metabolismo. A baixa concentracdo ou disponibilidade de certos minerais pode reduzir as
atividades microbianas relacionadas com a digestéo de fibra de forragem e a sintese de proteina,
reduzindo o suprimento de nutrientes para o animal. Fdsforo e enxofre sdo 0s minerais que
podem afetar mais expressivamente essas agoes (SPEARS, 1994).

McDowell e Valle (2000) afirmaram que forrageiras tropicais contém teores de
macrominerais inferiores as espécies que crescem em ambiente de clima temperado. Para eles, a

grande parte das forrageiras tropicais ndo sdo capazes de suprir as exigéncias dos animais
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ruminantes criados em pastagens. Em gréos o conteddo mineral varia menos que em forragens.
Segundo McDowell (1999), a concentracdo mineral nas plantas depende da interacdo entre varios
fatores, entre os quais se inclui o solo, a espécie forrageira, o estado de maturidade, o rendimento,
0 manejo das plantas e o clima.

Nesse contexto esta incluido o selénio, micromineral de propriedades antioxidantes
(UNDERWOOD e SUTLLE, 1999) que protege as membranas celulares da degeneracdo
oxidativa (MCDOWELL, 1996) atraves da sua participacdo na composicdo de enzimas
glutationas e agindo de maneira sinérgica ao tocoferol na regulacdo da peroxidacdo lipidica
(COMINETTI e COZOLINO, 2009). O selénio é também é um estimulante do sistema
imunolégico, influenciando a expressdao de respostas ndo-especificas, humorais e celulares
(COMINETTI e COZOLINO, 2009). Smith et al. (1986) demonstraram que a dieta com
acréscimo de selénio ajuda a manter os mecanismos de defesa do organismo, incluindo a
producdo de anticorpos, proliferacdo celular, producdo de citocinas, metabolismo das
prostaglandinas e funcdo das células do sistema inato de defesa imune em vacas leiteiras.
Acredita-se que o selénio estimule o sistema imune através de trés mecanismos: (1) regulando a
expressao de células T com alta afinidade por receptores de interleucina 2 (IL2); (2) prevenindo
danos oxidativos a células do sistema imune; e (3) alterando a agregacao plaguetaria via reducéo
da producéo de tromboxanos em relacédo a leucotrienos (COMINETTI e COZOLINO, 2009).

Os animais alimentados com forrageiras cultivadas em areas deficientes em selénio e ndo
suplementados com minerais sd0 mais vulneraveis ao estresse oxidativo, e as consequéncias
clinicas incluem a queda da producéo, problemas reprodutivos, reducdo da resisténcia a doencas
infecciosas como a mastite e miopatias nutricionais (VAN METRE e CALLAN, 2001). De
maneira geral, animais de producdo exigem algum tipo de suplementacdo dietética com
oligoelementos para que ocorra prevencdo de deficiéncias (CHURCH, 1991). Tendo em vista 0s
efeitos do selénio no metabolismo animal, torna-se possivel sugerir que, quando ha
suplementacdo com esse composto em fémeas recém-paridas, pode ocorrer uma diminui¢do dos
compostos oxidantes ou aumento de antioxidantes tanto no sangue quanto no leite desses
animais, tornando-os mais resistentes a distarbios patolégicos no pos-parto e originando um
produto de melhor qualidade, de maior interesse para a industria leiteira e com propriedades
benéficas para os consumidores. Além disso, este mineral pode ainda interferir na resposta

imunoldgica frente & infeccdo parasitaria do rebanho, j& que um estudo dirigido por Camargo
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(2009) sobre suplementacdo com selénio verificou que 0 mesmo proporciona uma maior protecao
contra oxidagao celular e ao organismo como um todo de cordeiros experimentalmente infectados
pelo Haemonchus contortus.

No entanto, cabe ressaltar que até o momento os efeitos positivos descritos pela
suplementacdo de selénio em ovelhas envolvem apenas uma forma desse mineral, isto €, o
selenito de sodio. Esse mineral é amplamente usado na dieta de diversas espécies animais
(GRILLI et al., 2013; FAIXOVA et al., 2016; SETHY et al., 2015; WANG et al, 2011; CALVO
et al., 2017). E importante ressaltar que existem outras formas de selénio, porém no usadas na

alimentacdo animal, como € o caso do disseleneto de difenila descrito a seguir.

4. DISSELENETO DE DIFENILA

Vérias classes de compostos organicos de selénio demonstram atividade de glutationa
peroxidase (GPx) e podem decompor o peroxido de hidrogénio (H202) e hidroperoxidos
organicos (NOGUEIRA et al., 2004) que sdo maléficos para células e tecidos quando em grande
quantidade. Na producdo animal, o selenito de s6dio destaca-se como a principal fonte de selénio
usado nas dietas conforme ja mencionado (GRILLI et al., 2013; FAIXOVA et al., 2016). No
entanto, outro composto com atividade similar, o disseleneto de difenila (PhSe)2, conserva as
mesmas propriedades do selénio inorganico (MEOTTI et al., 2004; NOGUEIRA et al., 2004) e
ndo é usado na alimentacdo provavelmente devido ao elevado custo. Pesquisadores consideram
essa molécula de selénio de interesse na gestdo de doencas (MEOTTI et al., 2004), devido as suas
propriedades antioxidantes e anti-inflamatorias potencializadas (SILVESTRE et al., 2014;
PETROLINO et al., 2015).

O (PhSe). demonstra propriedades cardioprotetoras, assim como é capaz de reduzir a
hipercolesterolemia e o estresse oxidativo (DE BEM et al., 2009). Além disso, essa molécula de
selénio é capaz de inibir a oxidagdo da lipoproteina de baixa densidade (LDL) humana in vitro
pela sua atividade GPx aumentada (DE BEM et al., 2008). Hort et al. (2011) sugerem que o efeito
hipolipidémico, previne a aterosclerose e disfungdo endotelial em receptores LDL, e Straliotto et
al. (2013) complementa que o selénio protege macrofagos contra a sinalizacdo aterogénica

desencadeada por LDLox. Cabe ressaltar ainda que existe uma forte associagdo entre estresse
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oxidativo e resposta inflamatéria, de acordo com pesquisadores uma exacerbada resposta
inflamatoria € um dos fatores responsaveis por desencadear e manter o estresse oxidativo
(SALZANO et al., 2014)

Ha experimentos com o disseleneto de difenila em algumas espécies animais. Em peixes,
seu efeito protetor foi demonstrado no aumento da defesa antioxidante nos tecidos de animais
expostos a poluentes (DE MENEZES et al., 2012; DE MENEZES et al., 2013). O uso do (PhSe)2
foi testado em ratos com desordens decorrentes do uso de neurolépticos e se mostrou eficaz na
reducdo desses disturbios (FACHINETTO et al., 2007); também foi eficaz na diminuicdo da
deposicdo de metilmercuriono poluente ambiental com potente acdo oxidante, no cérebro, rim e
figado de camundongos expostos (DE FREITAS et al., 2008) e apresentou-se como eficaz
protetor contra danos oxidativos em camundongos expostos a exercicios fisicos extenuantes
(PRIGOL et al., 2009).

Diante dos efeitos benéficos do selénio no metabolismo animal (HOEKSTRA, 1975;
BIANCHI e ANTUNES, 1999; COMINETTI e COZZOLINO, 2009), conhecidas apenas pelo
uso de selenito de sddio em animais de producdo, procura-se testar outras formas de selénio,
como foi 0 caso nesse estudo, que investigamos os efeitos do (PhSe)2. Como esse tipo de mineral
nunca foi usado em ovelhas, um estudo piloto foi realizado, aplicando 4 doses de (PhSe).. Nesse
estudo, verificou-se que a dose de 3,0 umol/kg ndo era toxica, assim como tinha atividade
antioxidante (Dados ndo publicados). Portanto, acredita-se que essa forma de selénio poderia
minimizar os efeitos negativos no periodo de transicdo, assim como permitir a obtencdo de
produtos (leite) com valor nutricional elevado. Como nédo existem pesquisas com essa forma de
selénio em ovinos, informacBes acerca da sua excre¢do sao escassar, podendo o mesmo, através
de fezes e urina, ser um contaminante ambiental e se houver residuos no leite, se este alimento

pode apresentar potencial antioxandante, mostrando efeito nutracéutico.

S. RESIDUOS E IMPACTOS AMBIENTAIS

Sabe-se que as fezes de varios animais de producdo sdo comumente usadas como
fertilizantes em pastagens, sendo que os residuos de ovinos seguem a mesma linha de interesse

(AZI1ZI, 2007). Porém, muitos sdo os produtos veterinarios utilizados para a manutengédo da saude



17

dos rebanhos, fazendo com que antibidticos e antiparasitarios sejam comumente detectados no
solo, nas &guas superficiais e nos lencois freéticos. Esses farmacos eliminados de maneira
residual nas fezes séo suspeitos de causarem efeitos adversos & fauna e microflora do solo e por
iss0, nos ultimos anos, varios estudos sobre o potencial impacto dos medicamentos e suplementos
veterinarios ao ambiente tém sido conduzidos (SUAREZ, 2002; BOXALL et al., 2004; KOLAR
et al., 2006; ACCINELI et al., 2007).

De acordo com a literatura, a urina é uma importante via de excrec¢do do selénio oriundo de
(PhSe). em camundongos e ratos, e alguns de seus metabdlitos armazenam-se na gordura
(PRIGOL et al., 2012), porem, a principal forma de excrecdo do selénio em ovelhas, é atraves das
fezes (PETERSON e SPEEDING, 1963). Nao ha estudos recentes relacionando a excrecdo do
disseleneto de difenila pelas fezes, entdo acredita-se que esse composto siga a mesma rota de
eliminacéo.

Busca-se em larga escala, o desenvolvimento de métodos analiticos para a deteccdo de
drogas e residuos no ambiente aquatico e terrestre (HIRSCH et al., 1999; GOLET et al., 2001).
Baseado nesse interesse, alguns artropodos podem ser utilizados para indicar agressao de dejetos
animais ao ambiente. Os colémbolos, mais comumente utilizados para esse fim, estdo entre os
invertebrados mais abundantes do solo e sdo facilmente adaptaveis (BELLINGER et al., 2007) e
por isso, uma diversidade de colémbolos edaficos tem sido usada como bioindicador de
intervencgdes antropicas, bem como, da qualidade do solo (SAUTTER e SANTOS, 1991; CULIK
etal., 2002; CHAUVAT et al., 2003; PONGE et al., 2003; CUTZ-POOL et al., 2007).

A utilizacdo de atributos quimicos e microbiologicos do solo como varidveis ambientais
explicativas no entendimento do funcionamento do solo, aliada a quantificacdo da diversidade de
invertebrados edaficos como os colémbolos é um ponto de partida importante para entender 0s
processos ecolégicos de decomposicéo e ciclagem de nutrientes no solo (CHAUVAT et al., 2003;
PONGE et al., 2003; CUTZ-POOL et al., 2007). Baseado nessa informagdo surge o interesse em
saber se as fezes dos animais que recebem suplementacdo com o mineral organico (PhSe). seriam
aptas a serem utilizadas para adubacdo sem causar danos ambientais, haja visto que sdo inimeros
os trabalhos que demonstram o impacto negativo de fezes de animais com residuos de aditivos e
farmacos & microfauna do solo (GIL-DIAZ et al., 2011; ZHAO et al., 2016). Entre os estudos
recentes destaca-se o efeito residual negativo da cipermetrina usada para controle de cascudinhos

em aviarios (ZORTEA et al., 2015) e de antiparasitarios (ivermectina, fipronil, fluazuron e
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closantel) usados no controle de carrapatos em bovinos (ZORTEA et al., 2017) sobre a
sobrevivéncia de colémbolos presentes no solo. Portanto, para fins de seguranca para uso de

novos produtos como suplementos minerais, 0s testes ecotoxicoldgicos devem ser realizados.

6. OBJETIVOS

6.1 OBJETIVO GERAL

Com este estudo objetivou-se avaliar o efeito da suplementacéo de ovelhas leiteiras com
disseleneto de difenila sobre a producédo e qualidade do leite, resposta imune, perfil oxidatico e
infeccdo por nematddeos gastrointestinais. Além disso, realizar testes de ecotoxicologia com

fezes de animais tratados com essa forma de selénio, a fim de avaliar impactos ambientais.

6.2 OBJETIVOS ESPECIFICOS

- Mensurar a producéo de leite;

- Analisar a producdo e composicao centesimal do leite (gordura, proteina, lactose, extrato seco
desengordurado e solidos totais);

- Analisar no soro e no leite de ovelhas lactantes os niveis de oxidantes (TBARS, AOPP e EROs)
e antioxidantes (CAT, GST, GPx, SOD, FRAP);

- Mensurar no soro das ovelhas os niveis de 1L-10;

- Avaliar pardmetros biogquimicos séricos (ALT, triglicerideos, colesterol, proteinas séricas totais,
albumina, globulina e uréia) das ovelhas suplementadas;

- Realizar testes de ecotoxicologia utilizando as fezes.
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CAPITULO I

MANUSCRITOS

Os resultados desta dissertacdo s@o apresentados na forma de dois manuscritos com suas

formatacdes de acordo com as orientagdes das revistas as quais foram submetidos:

Manuscrito | — Injectable supplementation of diphenyl diselenide in dairy sheep: benefits on
animal health and milk production and composition

Submetido a revista Small Ruminant Research

Manuscrito Il — Suplemento de difenil diselenuro inyectable en ovejas lecheras
Submetido a Revista MZV Cordoba
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2.1. MANUSCRITO |

Injectable supplementation of diphenyl diselenide in dairy sheep: benefits on animal health
and milk production and composition
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ABSTRACT
Diphenyl diselenide (PhSe), is a selenium organic compound of potent antioxidant

property. Therefore, the aim of this study was to evaluate whether injectable supplementation of
(PhSe)> would have positive effect on milk production and composition, as well as in the
prevention of oxidative stress and anti-inflammatory responses in dairy sheep. For this, sixteen
primiparous recently calved sheep were divided into two groups: A (the control group), and B
(group supplemented with five doses of 3 pmol/kg via subcutaneous with seven days intervals).

Blood samples showed an increase in the antioxidant enzymes (catalase, superoxide dismutase,


mailto:aleksandro_ss@yahoo.com.br

21

glutathione peroxidase, and glutathione-S-transferase), associated with a reduction of reactive
oxygen species and lipid peroxidation of supplemented dairy sheep, preventing oxidative damage
in the lactation period, as well as increased seric interleukin-10, an anti-inflammatory cytokine.
As consequence, supplemented animals showed an increase in totals antioxidants, as well as a
reduction in protein oxidation in milk samples. Moreover, milk from supplemented sheep showed
higher fat and lower total protein and lactose. Thus, the subcutaneous supplementation of (PhSe)
in dairy sheep was able to activate the antioxidant and anti-inflammatory systems, as well as to
modify milk composition. Moreover, this protocol increased the antioxidant and, consequently,

reduced the oxidant levels in milk, which may lead to a longer shelf life of the product.

Keywords: Sheep, milk, diphenyl diselenide, oxidative stress.

1. INTRODUCTION
Lacaune sheep produces approximately 4.5 L of milk during their peak of lactation, that

occurs around 30 days postpartum (Luquet, 1991). Many factors may cause variation in the
production and composition of milk, such as environment, age, lactation stage and nutritional
levels of the animals (Bencini and Pulina, 1997). Females recently calved require major
nutritional requirements, since this transition period interferes directly on the productive status
due to physiological alterations occurred in this phase (Drackley 1999).

Several studies have been demonstrated the association between oxidative stress and
postpartum disturbances in dairy cows (Harrison et al., 1984; Smith et al., 1984; Grohn et al.,
1989; Lomba, 1996). The oxidative stress is a disequilibrium between antioxidant/oxidant status
in favor of the production of free radicals, which in adequate proportions, allows the production
of ATP (adenosine triphosphate), but in excesses can lead to cell and tissue damage (Ferreira e
Matsubara, 1997). These oxidative effects are often neutralized by antioxidant agents, that
remove the free radicals and, consequently, inhibit their deleterious effects on cells and tissues
(Halliwell and Whiteman, 2004).

The antioxidant system can be divided in enzymatic and non-enzymatic, being the enzymes
superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase the most important
enzymes (Ferreira and Matsubara, 1997). Regarding the non-enzymatic compounds, we can

emphasize the vitamins (ascorbic acid, a-tocopherol, and p-carotene), phenolic compounds, and
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minerals, such as zinc, copper and selenium (Bianchi and Antunes, 1999). In the particular
interest, the study conducted by Mcdowell (1992) demonstrated that selenium was able to
protect the cell membranes against oxidative degeneration, and its action is linked to enzyme
GPx, as well as in the synergic effect with tocopherol in the regulation of lipid peroxidation
(Cominetti and Cozzolimo 2009). Since the 80s, researchers have demonstrated that diet
supplemented with selenium aid in the defense mechanism, including the antibodies production,
cell proliferation, cytokines production, metabolism of prostaglandins and the innate immunity
of dairy cows (Smith et al., 1986).

In animal production, sodium selenite is considered the main source of selenium in the diet
(Grilli et al., 2013; Faixova et al., 2016). However, laboratorial studies have demonstrated that
other selenium sources, such as the (PhSe)., shows similar effects of the inorganic selenium
(Meotti et al., 2004; Nogueira et al., 2004), being considered an interesting molecule against
diseases (Meotti et al., 2004) due to its antioxidant and anti-inflammatory properties (Silvestre et
al., 2014; Petrolino et al., 2015). Based on the beneficial effect of selenium in the animal
metabolism (Hoekstra, 1975; Bianchi and Antunes, 1999; Hoffmann, 2007; Cominetti and
Cozzolino, 2009), we believe that (PhSe). supplementation in dairy sheep can prevent oxidative
stress and minimize pathological disturbances in the transition period, and consequently, can
lead to a better-quality product, with major interest for dairy industry with beneficial properties
for consumers. Therefore, the aim of this study was to evaluate the effects of injectable

supplementation of (PhSe)2 on animal health, and on milk production and composition.

2. MATERIALS AND METHODS
2.1. Diphenyl diselenide

Diphenyl diselenide (PhSe)2 (99.9%) was purchased from Sigma-Aldrich (St. Louis, MO,
EUA), and diluted in dimethyl sulfoxide (DMSO) right before sheep injection.

2.2. Animals

The experiment was conducted in a farm localized in Chapeco, Santa Catarina, Southern
Brazil. For this study, sixteen primiparous and recently calved Lacaune sheep (approximately
seven days postpartum), with similar age, weight and milk production were used as the

experimental model. These animals were distributed into two groups, containing eight animals
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each: the group A (control group) received 1.5 mL/kg of DMSO via subcutaneous, while the
group B received 1.5 mL/kg of (PhSe)2 via subcutaneous, corresponding to a dose of 3 umol/kg.
A pilot study was conducted to determine the non-toxic dose, since the (PhSe). was never used in
sheep. Based on this pilot study, the dose of 3 umol/kg was considered ideal (data not published).
The selenium application occurred on days 0, 7, 15, 30 and 45, i.e.

The sixteen females were housed in the same pen (24 m?), with beaten floor and wood
shaving beds. The diet of all sheep was composed by corn silage, cynodont hay, and concentrated
(ground corn, soybean meal, vitamin and mineral core, calcitic limestone and monensin), that

was provided twice a day, with water ad libitum.

2.3. Milk production

The milking was performed daily through mechanic milking between 5:00 a.m and 4 p.m.
The individual volumetric measurement of produced milk occurred weekly through the “Milk
Meter” True Test® measurer (Aukland, New Zeland). Moreover, milk samples were collected on
days 0, 15, 30, 45, 60 and 75, and were stored in plastic bottles containing Bronopol (2-Bromo-2-
nitro-1, 3-propanediol) for conservation and centesimal composition analysis. Aliquots of milk
were separated in microtubes for measurement of oxidant and total antioxidant levels, as

described below.

2.4. Milk analyses
2.4.1. Centesimal composition
Fat, total dry extract (TDE), defatted dry extract (DDE), minerals, lactose and density

were evaluated using the infrared analyzer LactoStar Funke Gerber®.

2.4.2. Oxidant and antioxidant levels

Protein oxidation was measured through the advanced oxidation protein products (AOPP)
technique (Witko-Sarsat et al., 1998), and the antioxidant levels were measured by ferric
reducing ability of plasma (FRAP) technique (Benzie and Strain, 1996). These methodologies
were standardized for milk whey, as described by Radavelli et al. (2016). The results were

expressed as pmol/L™2,
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2.5 Sample collection and blood analyses

Blood samples were collected on days 0, 15, 30, 45, 60 e 75 by jugular vein puncture. The
blood was collected in tubes without anticoagulant and in tubes containing sodium citrate. To
obtain serum, the blood collected without anticoagulant was centrifuged for 10 min at 8000 rpm.
After, the serum was stored in microtubes at -20 °C. The blood collected in sodium citrate was
homogenized and stored in microtubes at -20 °C until utilization.

2.5.1. Seric oxidative biomarkers

The occurrence of lipid peroxidation was evaluated by seric malondayldehyde levels
(MDA), using the measurement of thiobarbituric acid-reactive substances (TBARS) (Jentzsch et
al., 1996). The results were expressed in nanomols of malondayldehyde per milliliter of serum
(nmol MDA/mL serum).

The oxidation of 2’-7’- dichlorofluorescein (DCFH) levels was determined in serum as an
index of peroxide produced by cellular components, according to the modified method described
by Colpo et al. (2008), to determine the reactive oxygen species (ROS) levels. For this, 10 pL of
serum was incubated with DCFH (10 uL) 1 mM at 37 °C during 1 h in the dark. The fluorescence
was determined using 448 nm for excitation and 520 nm for emission. Fluorescence measurement
was normalized for time, values and fluorescence rates (reflecting the levels of ROS). The results
were expressed in U DCFH/mL of serum.

2.5.2. Activity of antioxidant enzymes

Seric GST was determined spectrophotometrically according to the method described by
Habig et al. (1974) and expressed in nmol/h/mg of protein. Seric GPx was determined according
to the method described by Paglia and Valentine (1967), that determine the oxidation of
nicotinamide adenine dinucleotide phosphate (NADH). The enzymatic activity was expressed in
nmol of oxidized NADPH/h/mg of protein.

The total blood was used to determine the SOD and CAT activities. The SOD activity was
determined spectrophotometrically through the inhibition of autocatalytic formation
adrenochrome rate (McCords and Fridovich, 1969), and the result was expressed in U SOD/mg

of protein. Already, the CAT activity was measured according to Aebi et al. (1984), that
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determines the decomposition rate of H2O» into water and oxygen. The specific CAT activity was
expressed in U CAT/mg of protein.

2.6. 1L-10 levels

Seric interleukin-10 (IL-10) was quantified using the commercial immunoassay
Quantikine® for ovine, according to manufacturer’'s recommendations (R & D Systems,
Minneapolis, Minnesota, EUA). The presence and concentration of cytokine were determined by
color intensity measured spectrophotometrically in micro ELISA reader (Tecan, Sunrise,

Melbourne, Australia).

2.7. Statistical analysis

SOD, CAT, ROS, TBARS, GST, GPX, IL-10, AOPP, FRAP, milk production, milk fat,
DDE, milk protein, TDE in milk, milk mineral, lactose and density were first analyzed by
descriptive statistics for contingency of the information and for further assumptions, and were
presented as descriptive (mean and standard deviation). The data were test for normality of
variance by Kolmogorov-Smirnov test, skewness and homogeneity by Levene’s test previously to
ANOVA analyses. An one-way ANOVA for repeated measurements was used to evaluate the
influence of time (an error term was added to accommodate the dependence of subjects [sheep
that were re-sampled] when necessary (statistical differences were found), Bonferroni’s test was
used since it controls the family-wise type in error rate, by adjusting the observed significance
level to the number of multiple comparisons. Secondly, one-way ANOVA was used to analyze
all significant parameters that had shown significant differences over time on the repeated
measured analyses, mean comparison between groups on each time period were tested (day 0, 15,
30, 45, 60 and 75). It was considered significantly different when P<0.05. The statistical process
was carried out with R-Language, V.3.3.0 (R Development Core Team, 2012).

3. RESULTS

3.1. Production and milk composition
No difference was observed between groups regarding milk production during the
experimental period (Table 1). However, an increase in the levels of fat in the milk of

supplemented sheep with (PhSe), was observed between days 30-60 of the study. Also, protein
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levels decreased on day 15, while the same decreasewas observed for lactose levels in the end of
experiment (days 60 and 75) in sheep supplemented with (PhSe). (P<0.05). In consequence, the
levels of TDE differ between groups (P<0.05), while the DDE did not (P>0.05). In some period
of sampling, the mineral levels were significantly higher (P<0.05) in the milk of sheep

supplemented with (PhSe)s.

3.2. Milk oxidant and antioxidant levels

AOPP levels in milk differ between groups (Figure 1-A) during all experimental period
(F=86.42, P<0.001), as demonstrated in the Figure 3-B. AOPP levels decreased on days 30, 60
and 75 (P<0.05) in the group supplemented with (PhSe)> compared to the control group (Figure
1-A). The AOPP levels increased on day 30" in both groups, however with higher values in the
control group (Figure 1B).

FRAP levels in milk differ between groups (Figure 1-C) throughout the experiment
(F=42.95, P<0.001), as demonstrated in the Figure 3-D. FRAP levels increased on days 45, 60
and 75 in animals supplemented with (PhSe)> compared to the control group (Figure 1-C). Also,
an increase in the FRAP levels was observed on days 30 to 75 (P<0.001) in the group
supplemented with (PhSe). (Figure 1-D).

3.3. Seric ROS and TBARS levels

Seric ROS levels oscillated and differed between groups in some sampling times, being
higher in supplemented animals on days 15 and 75, and lower on day 45 (Table 2). Seric TBARS
levels decreased on days 45, 60 and 65 in the group supplemented compared to the control group
(Table 2) but not in the other sampling times (F=7.85. P=0.0006; Figure 2). A significant
reduction on TBARS levels was observed on days 0 and 45 (P=0.01), day 0 and 60 (P<0.0001),
day 15 to 75 (P<0.0001) and day 45 to 75 (P=0.004) (Figure 2-C).

3.4. Activity of seric antioxidant enzymes

The results of seric antioxidant enzymes are shown in Table 3 and Figure 2. The seric
SOD, CAT, GST and GPx increased (P<0.05) in animals supplemented with (PhSe). compared to
the control group (Table 3). Similarly, an increase on SOD (Figure 2-A), CAT (Figure 2-B), GST
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(Figure 2-D) and GPx (Figure 2-E) activities was observed in sheep supplemented with (PhSe)
along the experimental period.

3.3. Seric IL-10 levels

The results of IL-10 levels are shown in the Figure 3. The difference on IL-10 levels
between groups occurred in all experimental periods (Figure 3-A), since IL-10 levels discretely
increased on days 15 and 30, and remained stable after 30 days. Over the time, an increase
(P<0.01) in the seric IL-10 was observed between day 0 and 30 in the group supplemented with
(PhSe)2.

4. DISCUSSION
Selenium compound has potential antioxidant effect due to its involvement in the

structure of selenoproteins, such as GPx and GST enzymes (Hoekstra 1975), and (PhSe). can
enhance this effect (Ghisleni et al., 2003, Nogueira et al., 2003; Savegnago et al., 2007). (PhSe).
treatment was able to activate the enzymatic antioxidant system, i.e. increased SOD, CAT, GST
and GPx activities. According to John et al. (2005), the GST and GPx are enzymes responsible to
detoxification of toxic compounds, while SOD and CAT acts controlling the formation of free
radicals (Ferreria and Matsubara, 1997). The activation of the antioxidant system is related to a
reduction in the formation of free radicals and lipid peroxidation (Armstrong and Browne, 1998),
preventing the oxidative stress, that is commonly observed during lactation in highly productive
animals (Castillo et al., 2006). In this present study, the reduction of oxidative stress process can
be verified due to the reduction of aldehydes or lipid hydroperoxides in dairy sheep supplemented
with (PhSe)2, which demonstrates that protocol used lead to a beneficial effect on animal health.
In this study, the (PhSe). supplementation did not affect milk production, however
alterations in milk composition occurred in some experimental moments, by increasing fat
concentration, and reducing protein and lactose levels. The exact mechanism involved in these
alterations remains unknow, but we believe that it might be related to the effect of selenium in
animal’s health, since milk composition is strongly related to the health of the mammary gland
(Butler, 2000). These results are promising, since increased fat content is an important source to

the milk industry to produce many products. On the other hand, studies conducted by Givens et
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al. (2004) and Ran et al. (2010) demonstrated that selenium (sodium selenite) did not alter milk
composition of dairy cows, demonstrating that (PhSe)2 can be better used by sheep.

FRAP and AOPP values differed between groups, with important desirable alterations
found in sheep supplemented with (PhSe).. FRAP assay measures the total antioxidant capacity
(Benzie and Strain, 1999; Smet et al., 2008), and our results demonstrated that (PhSe),, in the
administered dose, was able to modify the concentration of this antioxidant in the milk, and to
decrease oxidative reactions, i.e., it has positive effects in the control of free radicals. Thus, it is
possible to suggest that decreased levels of AOPP is intimately linked to the reduction of oxidant
enzymes, such as lactoperoxidase and xanthine-oxidase (Silanikove et al., 2005), due to increased
antioxidant levels present in the milk. The reduction on protein oxidation can also be linked to
better health of the mammary gland, as observed by Guzzo et al. (2015). This author
demonstrated a significant correlation between AOPP levels and somatic cell counts in the
mammary gland. Moreover, the reduction of AOPP levels may be considered an indirec
consequence of reduced lipid peroxidation as carbohydrate glycosylation due to the (PhSe):
action, since this compound is highly lipophilic and has high biodisponibility, preventing
efficiently lipid peroxidation (Barbosa et al., 2014). The antioxidant and oxidant levels in the
milk can influence milk quality and shelf life, assuring therapeutic properties to consumers
(Roesler et al., 2007), if the increase on total mineral levels in milk is due to increased forms of
selenium.

Seric IL-10 levels increased in dairy sheep supplemented with (PhSe). during all the
experiment. This cytokine is important to regulate the immune system through the inhibition of B
and T-lymphocytes proliferation (Arababadi et al., 2010). The selenium possesses the capacity to
promote the activation of the immune system by regulating the expression of T lymphocytes
(Hoffman, 2007), cells that are responsible for IL-10 expression (Fiorentino et al., 1989;
Trounstine et al., 1990), which can explain the increase on this anti-inflammatory cytokine.
Recently, a study demonstrated that (PhSe) exhibits potent anti-inflammatory activity (Nogueira
et al., 2003b), and it is effective in reducing the levels of reactive species due to its antioxidant
property and by preventing the occurrence of oxidative stress (Prigol et al., 2009). Thus, the
effects of (PhSe) is directly linked to its capacity to modulate the inflammatory response, and

consequently reducing cellular and tissue damage.
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Thus, we can suggest that subcutaneous supplementation of (PhSe). in dairy sheep was
able to modulate the oxidative reaction due to the activation of the antioxidant system, as well as
to modulate the inflammatory response in the animals. These alterations may contribute to animal
health, reflecting on the increase of milk fat by a mechanism not yet elucidated. Also, the
exogenous (PhSe), administration leads to an increase of antioxidants, which consequently,
reduce milk protein oxidation, contributing to increase product stability. Moreover, selenium, is
an essential mineral for human and animal health, and its use in dairy animals may lead to the

production of milk with nutraceutical properties.
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Table 1: Daily milk production, and percentage of fat, protein, lactose, defeated dry extract

(DDE), total dry extract (TDE) and minerals contained in milk.

Variable Day Mean + standard deviation P value
Group A Group B
Production (L) 0 0.95 (0.26) 0.94 (0.24) 0.92
15 1.31 (0.22) 1.30 (0.36) 0.93
30 1.31 (0.24) 1.27 (0.41) 0.82
45 1.35(0.21) 1.29 (0.37) 0.68
60 1.52 (0.19) 1.43 (0.4) 0.53
75 1.01 (0.16) 0.99 (0.35) 0.87
Fat milk (%) 0 8.18 (1.32) 8.51 (0.83) 0.60
15 6.29 (0.85) 5.46 (0.99) 0.09
30 5.68 (0.61) 6.66 (0.59) 0.005*
45 4.68 (0.72) 6.42 (0.80) 0.007*
60 6.02 (0.42) 7.94 (0.64) 0.006
75 5.71 (0.62) 6.23 (1.27) 0.31
Protein (%) 0 3.82(0.33) 4.03 (0.53) 0.40
15 3.84 (0.40) 3.05 (0.45) 0.002*
30 3.85(0.24) 3.86 (0.17) 0.95
45 3.89 (0.23) 4.29 (0.60) 0.09
60 3.95(0.19) 4.01 (0.17) 0.56
75 3.29 (0.17) 3.24 (0.29) 0.65
Lactose (%) 0 4.42 (0.55) 4.58 (0.16) 0.51
15 5.09 (1.19) 4.87 (0.92) 0.68
30 5.63 (0.36) 5.64 (0.26) 0.94
45 5.72 (0.34) 5.80 (0.52) 0.75
60 5.79 (0.27) 4.81 (0.80) 0.008*
75 4.95 (0.28) 4.41(0.21) <0.001*
DDE (%) 0 8.97 (0.72) 9.33(0.54) 0.33
15 9.39 (2.14) 8.31 (1.16) 0.22
30 10.51 (0.61) 10.55 (0.43) 0.88
45 10.45 (0.63) 10.85 (0.66) 0.24
60 10.80 (0.46) 10.81 (0.63) 0.96
75 8.61 (0.47) 8.56 (0.35) 0.81
TDE (%) 0 17.15 (1.44) 17.85 (1.17) 0.36
15 15.68 (2.31) 13.77 (1.68) 0.07
30 16.19 (0.76) 17.21 (0.57) 0.008*
45 15.13 (1.13) 16.27 (0.99) 0.05
60 17.82 (0.48) 18.75 (0.76) 0.01*
75 14.32 (0.85) 14.79 (1.17) 0.37
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Mineral (%) 0 0.57 (0.05) 0.60 (0.02) 0.30
15 0.56 (0.03) 0.59 (0.01) 0.04*
30 0.81 (0.05) 0.84 (0.04) 0.34
45 0.53 (0.11) 0.60 (0.03) 0.09
60 0.80 (0.04) 0.80 (0.04) 0.95
75 0.72 (0.03) 0.79 (0.03) <0.001*

Values of p <0.05 (*) represents significant differences between the groups.
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Table 2: Mean and standard deviation of seric reactive oxygen species (ROS) and thiobarbituric

acid-reactive substances (TBARS) in dairy sheep in different days post-supplementation.

Variable Day

ROS 0

(UDCF/mg protein) 15
30
45
60

75

TBARS 0

(nmol MDA/mL) 15
30
45
60

75

Mean * standard deviation

Group A
878.14 (118.65)
371.73 (172.14)
792.45 (297.73)
512.65 (170.16)
568.78 (301.41)

821.51 (114.85)

15.93 (2.66)
15.08 (4.38)
12.87 (3.18)
13.92 (2.88)
12.37 (1.27)

10.91 (2.16)

Group B

716.01 (142.06)
744.46 (296.34)

771.81 (226.72)

212.72 (68.19)

688.24 (218.57)

1114.31 (188.87)

15.83 (3.28)
14,57 (3.11)
12.11 (1.03)
11.10 (0.34)
9.36 (1.98)

5.90 (0.24)

P value

0.09
0.008*
0.87
<0.001*
0.38

0.002*

0.94

0.79

0.53
0.01*
0.002*

<0.001*

Values of p < 0.05 (*) represents significant differences between the groups. Note: the group A

(control). The group B (supplemented with 3 mmol/Kg of (PhSe)>.
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Table 3: Superoxide dismutase (SOD - U SOD/mg protein), catalase (CAT - nmol CAT/mg
protein), glutathione S-transferase (GST - nmol Cdnb/h/mg protein) and glutathione peroxidase
(GPx - nmol NADPH oxidado/h/mg protein) activities in blood and serum of dairy sheep in

different days post-supplementation.

Variable Day Mean * standard deviation P value
Group A Group B
SOD 0 3.89 (0.86) 3.75 (0.55) 0.20
15 4.13 (0.56) 4.66 (1.33) 0.31
30 4.25(0.32) 6.09 (1.54) 0.005
45 4.66 (0.95) 6.33(1.72) 0.03*
60 3.60 (0.24) 3.92 (0.39) 0.05*
75 3.93(0.28) 4.11(0.32) 0.24
CAT 0 0.38(0.32) 0.23(0.23) 0.26
15 0.34 (0.39) 1.09 (0.08) <0.001*
30 0.45 (0.41) 0.99 (0.14) 0.003*
45 0.21 (0.27) 0.95 (0.36) <0.001*
60 0.16 (0.09) 0.55(0.21) 0.002*
75 0.24 (0.14) 0.23 (0.11) 0.94
GST 0 189.73 (10.51) 167.64 (58.29) 0.48
15 133.59 (75.38) 180.61 (42.64) 0.31
30 101.66 (27.91) 290.30 (132.48) 0.03*
45 137.78 (37.26) 239.56 (33.91) 0.006*
60 169.29 (38.92) 361.94 (87.40) 0.006*
75 118.29 (44.65) 168.90 (41.05) 0.14
GPx 0 17.20 (7.43) 19.70 (7.96) 0.66
15 15.81 (5.34) 19.55 (6.63) 0.41
30 16.94 (3.32) 30.15 (5.88) 0.007*
45 11.92 (3.48) 24.55 (1.77) <0.001*
60 12.31 (2.67) 17.80 (3.20) 0.03*
75 13.59 (6.02) 9.81 (6.13) 0.41

Values of p <0.05 (*) represents significant differences between the groups.
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Figure 1: Levels of advanced oxidation protein products (AOPP) [A and B] and ferric reducing
ability of plasma (FRAP) [C and D] in sheep supplemented with 3 umol/Kg of (PhSe)..
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Figure 2: Superoxide dismutase (SOD) [A] and catalase (CAT) [B] activities, thiobarbituric acid-
reactive substances (TBARS) levels [C], glutathione S-transferase (GST) [D] and glutathione
peroxidase (GPx) [E] activities of dairy sheep in different days post-supplementation with
(PhSe).:
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Figure 3: Seric interleukin-10 (IL-10) levels of the control group (A) and the supplemented
group (B) throughout the study (Figure A).
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ABSTRACT

Objective. The aim of this study was to evaluate the influence of subcutaneous supplementation
with diphenyl diselenide (PhSe). in dairy sheep infected with gastrointestinal nematodes on
animal health and possible damage to environment when the feces of these animals will be used
for fertilizing. Material and methods. The experiment was performed using 16 primipara dairy
sheep, that were divided into two groups: the group A as control and the group B supplemented
with (PhSe). subcutaneously. Blood samples were used to determine the hepatic function, as

well as the protein and lipid metabolism in animals. Feces were used to determine the number of
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helminths eggs per gram of feces (EPG), as well as used for ecotoxicology tests. Results. The
(PhSe)2 supplementation not affected the helminths reproduction, since the EPG did not differ
(p>0.05) between groups. Total protein and globulin levels increase (p<0.05) in supplemented
animals, while the seric alanine aminotransferase (ALT) levels decrease (p<0.05) in the end of
experimental design. Cholesterol levels increase (p<0.05) in the supplemented animals, while
triglycerides, albumin and urea not differ between groups (p>0.05). The feces of supplemented
sheep not interfered the springtails reproduction. Conclusions. At the administered dose, the
(PhSe). is not able to control the parasitism, however, it did increase the globulins and
cholesterol levels, that are important to immune response and for sheep reproduction,
respectively. Also, the feces of supplemented animals with (PhSe). can be used as organic

fertilizing, without negative impacts to environment.

Keywords: (PhSe),, sheep, helminths, springtails. (Source: CAB, MeSH).

RESUMEN

Objetivo. El objetivo de este estudio fue evaluar la influencia de la suplementacion subcutanea
con diselenuro de difenilo (PhSe)2 en ovejas lecheras infectadas espontaneamente con nematodos
sobre la salud animal y posible dafio al medio ambiente cuando las heces de estos animales se
utilizaran para fertilizar. Material y métodos. El experimento se realiz utilizando 16 ovejas
lecheras primiparas, que se dividieron en dos grupos: el grupo A se usé como control y el grupo
B se suplement6 con (PhSe). via subcuténea. Se utilizaron muestras de sangre para determinar la
funcion hepatica, asi como el metabolismo de proteinas y lipidos en las ovejas. Las heces se
utilizaron para determinar el nimero de huevos por gramo de heces (EPG), asi como para las
pruebas de ecotoxicologia. Resultados. La suplementacion (PhSe). no afect6 la reproduccion de
helmintos. Los niveles totales de proteina y globulina aumentan (p<0,05) en los animales
suplementados, mientras que los niveles séricos de alanina aminotransferasa (ALT) disminuyeron
(p<0,05) al final del disefio experimental. Los niveles de colesterol aumentaran (p<0,05) en los
animales suplementados, mientras que los triglicéridos, la aloimina y la urea no difieriron entre
los grupos (p>0,05). Las heces de ovejas suplementadas no interferiran en la reproduccién de los

colémbolos. Conclusiones. A la dosis administrada, el (PhSe)> no es capaz de controlar el
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parasitismo, sin embargo, aumenta los niveles de globulinas y colesterol, que son importantes
para la respuesta inmune y para la reproduccion, respectivamente. Las heces de animales
suplementados pueden usarse como fertilizantes organicos, sin impactos negativos en el

ambiente.

Palabras clave: Colémbolos, helmintos, ovejas, (PhSe)..

INTRODUCTION

In dairy sheep industry, females in the post-partum period are susceptible to metabolic disorders
in consequence to major nutritional requirements, being that this period is particularly important
to animal health and consequent female performance due physiologic changes and metabolic
stress (1). In attempt to improve the performance and recuperation, the animal supplementation is
an interesting approach. The vitamins and mineral, such as selenium, an micromineral with
antioxidant properties (2,3), that is able to protects the cell membranes against oxidative
degeneration (4), as well as your participation in the composition of glutathione enzymes, a
potent antioxidant enzyme (5). Therefore, the selenium is also considered an important stimulant
for immunology system, influencing the expression of non-specific, humoral and cellular

response (2-5).

Many studies have demonstrated that sodium selenite supplementation possesses beneficial
effects for sheep (6-8), however, is important the search for alternative sources of selenium. In
this sense, the diphenyl diselenide (PhSe)2, an organic compound with anti-inflammatory,
neuroprotective and antioxidant properties (9), may be considered an important source for sheep
health improvement. Experimental studies demonstrating the beneficial effects of (PhSe): in rats
and fish as experimental model, but was not been evaluated in sheep yet. Based on the effects of
(PhSe)2 in the animal metabolism, is possible suggest that the supplementation with (PhSe), may
exerts beneficial properties, such as decrease of oxidant compounds associated with increase of
antioxidant compounds in the blood, as well as the improve of immune system, and consequently
control de parasitism, such as observed in infected lambs with Haemonchus contortus

supplemented with sodium selenite (10). Similarly, the injectable administration of sodium
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selenite and (PhSe). in mice experimentally infected with Toxoplasma gondii (11) was able to

stimulate the inflammatory response, and consequently increase animal longevity.

The feces of production animals are commonly used as fertilizing in pastures (12). Based in this
information, arise the interest whether feces of supplemented animals with (PhSe), can be used as
fertilizing without consequences for the environment, since several studies demonstrated the
negative impact of feces of animals with residues of additives and veterinary drugs for soil
microflora (13,14). It is important emphasize that studies demonstrating the use of (PhSe)2 in the
livestock are recent, being necessary progress in this lines of research. Therefore, the aim of this
study was to evaluate whether subcutaneously (PhSe). supplementation can control the sheep
parasitic infection during the lactation period, as well as be exerts beneficial properties for animal
health. Moreover, a second objective was verifying whether feces of supplemented sheep with
(PhSe)2 can be used as organic fertilizing without negative impacts for soil biomass/diversity.

MATERIALS AND METHODS

Local and animals: The experiment was performed in a rural property involved in sheep
farming, localized in Chapec6 (west of Santa Catarina state, southern of Brazil — Latitude: 27°
05°47°°S; Longitude: 52° 37°06°°W). For this study, sixteen primipara newly calved sheep
Lacaune race, with similar age, weight and milk production were used as experimental model.
The animals were divided in two groups (A and B), with eight animals each. The group A was
used as control (non-supplemented), that received via subcutaneously dimethyl sulfoxide
(DMSO) at dose of 1,5 mL (used to dilute the (PhSe).. The group B was composed by
supplemented sheep with (PhSe). subcutaneously at 1,5 mL, corresponding at dose of 3 pmol/kg,
that was applied on days 0, 7, 15, 30 and 45 of experiment. The diet was provided to both groups
in two periods (7:00 a.m and 5:00 p.m), and was constituted by corn silage, cynodon hay and
concentrated (ground corn, soybean meal, vitamin and mineral core, calcitc limestone and
nonensin). Water was provided ad libitum. All animals were contained in the same bay (24 m?),

with beaten floor and bed with wood shavings.
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Sample collection. At intervals of 15 days, the total blood was collected by jugular tail using
vacuolized tubes without anticoagulant (days 0, 15, 30, 45, 60 and 75). The samples were
centrifuged at 8000 rpm during 10 min to obtain serum that was stored at -20 °© C until
biochemical analysis. The feces samples were collected at same experimental period of blood
samples, i.e., on days: 0, 15, 30, 45, 60 and 75, to perform the parasitological exam described
below. A sample of feces from each animal was collected on day 35, and the feces of each group

was homogenized to assessment the ecotoxicological tests.

Biochemical analyses. Seric levels of alanine aminotransferase (ALT), total protein, albumin,
triglycerides, cholesterol and urea were performed using a semi-automatized analyzer (BioPlus-
2000®) and commercial kits (Analisa®). Globulin values were obtained between total protein and

albumin levels.

Coproparasitological analyses. The feces samples were used for gastrointestinal nematodes
eggs search using the modified McMaster technique (15) using sucrose solution as flotation fluid
for determination the quantity of eggs per gram of feces (EPG). The coproculture was performed

to verify the helminths involved in the infection.

Ecotoxicological test. The feces homogenized of each group collected on day 35 were used in
the ecotoxicological test to evaluate the springtails reproduction (Folsomia candida). The test
was conducted based in the protocol ISO 11267 and as concluded after 28 days (16), with
experimental design totally randomized and with 4 replicas. Each replica consisted of plastic
container (capacity for 140 mL), filled with 30 grams of soil containing 0, 2, 4, 8 and 16 tons of
feces/hectare. In each container were added 10 springtails (F. candida) with age synchronized of
10-12 days (after hatching). On day 14, the springtails were feed with biological ferment
(Saccaromyces cerevisiae), and were opened to aeration and water supply weekly. On day 28, the
soil of each replica was transferred for another container with major volumetric capacity, that was
added water and some drops of black ballpoint ink. After light agitation with glass cane, the
numbers of live springtails were counted in the water superficies. Photographs of container were
performed to posteriorly count of juveniles of springtails using the software ImageTool
(ImageTool 3.0, The University of Texas Health Science Center, San Antonio, TX).
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Statistical analyses. The data from the dairy sheep of ALT, triglyceride, total protein,
cholesterol, albumin, urea, globulin, OPG, were first analyzed by descriptive statistics for
contingency of the information and for further assumptions and what is presented as descriptive
is the mean and standard deviation. The data were tested for normality of variance by
Kolmogorov-Smirnov test, skewness and homogeneity by Levene’s test previously to ANOVA
analysis. A one-way ANOVA for repeated measurements to test was used to evaluate the
influence of time (an error term was added to accommodate de dependence of subjects {sheep
that were resampled), where necessary (statistic difference were found), test was used since it
controls the family-wise Type | error rate, by adjusting the observed significance level to the
number of multiple comparisons. Secondly, one-way ANOVA was used to analyze all significant
parameters that had shown significant difference over time on the repeated measure analysis,
mean comparison between groups on each time period were tested (day 0, day 15, day 30, day 45,
day 60 and day 75). It was considered significantly different when P<0.05. The whole statistical
process was carried out with R-language, v.3.3.0 (17). For the reproduction test with F. candida,
the results were submitted to one-way ANOVA followed by Dunnett post hoc test (P<0.05),

using the software Statistica v 7.0.

RESULTS

The results regarding seric biochemical analysis were showed in Tables 1 and 2. Seric ALT
reduced significantly on days 60 and 75 in supplemented dairy sheep with (PhSe),, while
cholesterol levels increased significantly on days 30, 60 e 75, as well as a tendency to increase
was observed on day 45. Moreover, an increase of total protein and globulins levels in serum
were observed in the supplemented dairy sheep on days 60 and 75 compared to control group. No

difference was observed between groups regarding seric levels of triglycerides, albumin and urea.

No difference was observed between groups regarding the number of helminths eggs per gram of
feces (EPG) during the experiment (Table 3). The coproculture revealed that eggs counted in the

EPG corresponded to the Haemonchus spp. and Trichostrongylus spp.
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The number of young springtails did not differ between groups (Figure 1). Therefore, the feces
of supplemented dairy sheeps with (PhSe). via injectable not interfere in the springtails

reproduction.

DISCUSSION

The antioxidant action of selenium is well established, since the mineral protects the cells against
deleterious effects and aggressive agents (18,19). This action can be proven by result of seric
ALT activity, that is considered an important biomarker of hepatic function. ALT activity
reduced in the supplemented sheep with (PhSe)2, that can be considered a protective effect of this
selenium form in the liver of sheep during the lactation period. This enzyme is released in the
blood after hepatic injury, which can occur during the lactation period of sheep, due the major
metabolic requirement and oxidative stress (20). Besides the protective effect of selenium, is

important emphasize that supplementation with five doses of (PhSe). was not toxic to animals.

Triglycerides, albumin and urea levels did not differ between groups, i.e., the (PhSe). no exerts
effects in the metabolism or synthesis of these variables. The increase of cholesterol levels can be
beneficial for animals, since a positive correlation between increase of cholesterol and
progesterone in sheep reflects in a better reproductive performance (21). The augmentation on
total protein levels is directly linked to increase of globulins levels in the supplemented animals
with (PhSe). after 60 days of experiment. This result can be explained by selenium capacity to
protects the structure and protein function against oxidation (22), maintaining the protein
viability and integrity. Also, the (PhSe). can exerts a directly or indirectly effects on cells

involved in the immune response, since selenium acts a modulator of immunology system (4,5).

The helminths oviposition was not affects by (PhSe). supplementation. We expected an indirectly
action of selenium, i.e., the (PhSe). supplementation would stimulate a response against
gastrointestinal helminths, and consequently would reduce the parasitic infection and oviposition.
This could occurred because selenium acts in the expression of L-selectin and interleukin-8R
genes, and in the TLR-4 neutrophils receptor in sheep, that are involved in the recognition and

response to bacterial and parasitic pathogens (23).
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Ecotoxicological test is very important to verify the homeostasis between production and
environment, since this test evaluate whether residues of chemicals would cause impact on soil
microfauna. In this study, the residues of (PhSe)., or its metabolites, did not affected the
springtails reproduction. The quantification of springtails is the initial point to understanding the
ecological processes of nutrient cycling, because they are considered indicators of anthropogenic
interventions and soil quality (24). Recently, research to evaluate the effects of pig manure, from
diets incorporating veterinary pharmaceuticals, on survival and reproduction of F. candida
observed that application of these residues should be regulated not only using a volume-based
criterion, but should incorporate data on soil properties (25). Thus, we believe that test for new
supplements can be accomplished with an ecotoxicological assessment, seeking environmental

safety.

The protocol with (PhSe). at administered dose was not able to control the parasitic infection or
reduce the helminths oviposition, although has been observed an increase in globulin levels, a
fraction of protein composed by immunoglobulins and inflammatory protein of acute phase. The
increase of cholesterol levels in the supplemented dairy sheep with (PhSe), may have been a
beneficial effect, since cholesterol is a cofactor for progesterone synthesis, hormone directly
linked with better reproductive performance. Moreover, the feces of supplemented animals with
(PhSe)2 can be used for organic fertilizing without significant negative impacts to soil springtails

fauna, an important marker of soil quality and environmental contamination.
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Table 1: Mean and standard deviation of seric alanine aminotransferase (ALT) activity, seric
levels of triglycerides and cholesterol in supplemented sheep with diphenyl diselenide (group B)
at different days of experiment compared control group (group A).

Variable Mean * standard deviation
Day Group A Group B P value
ALT 0 17.50 (2.98) 17.12 (3.60) 0.13
(U/L) 15 17.75 (4.59) 18.50 (6.05) 0.78
30 16.75 (2.96) 15.12 (2.80) 0.27
45 16.50 (5.13) 14.50 (4.38) 0.41
60 18.25 (3.85) 13.12 (4.52) 0.05*
75 17.50 (4.96) 12.50 (3.25) 0.03*
Triglyceride 0 22.57 (6.73) 23.71 (8.56) 0.78
(mg/dL) 15 18.50 (4.72) 17.00 (3.74) 0.49
30 23.07 (16.05) 24.62 (8.09) 0.81
45 16.75 (4.68) 18.75 (7.13) 0.51
60 13.12 (5.57) 17.50 (6.63) 0.17
75 40.62 (4.41) 40.50 (4.31) 0.95
Cholesterol 0 51.38 (7.80) 49.75 (6.73) 0.66
(mg/dL) 15 62.12 (12.54) 65.38 (10.42) 0.58
30 59.25 (11.84) 71.38 (8.23) 0.05*
45 66.38 (11.96) 74.88 (7.73) 0.056
60 68.88 (11.46) 95.00 (15.93) 0.011*
75 71.88 (9.66) 83.00 (9.85) 0.027*

* Significant difference between groups
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Table 2: Mean and standard deviation of seric levels of total protein, alboumin, globulin and urea
in supplemented sheep with diphenyl diselenide (group B) at different days of experiment

compared control group (group A).

Variable Mean + standard deviation
Day Group A Group B P value
Total protein 0 6.38 (0.79) 6.86 (0.87) 0.26
(g/dL) 15 5.95 (0.80) 6.36 (0.92) 0.35
30 6.40 (0.55) 6.33 (1.27) 0.88
45 5.59 (0.29) 5.69 (0.61) 0.67
60 6.88 (0.91) 8.65 (0.55) 0.003*
75 6.90 (1.06) 7.74 (0.95) 0.052
Albumin 0 3.08 (0.42) 3.04 (0.46) 0.86
(g/dL) 15 2.35 (0.75) 2.35(0.93) 0.10
30 2.60 (0.55) 2.89 (0.55) 0.31
45 2.95 (0.24) 2.89 (0.59) 0.78
60 2.76 (0.45) 3.26 (0.53) 0.06
75 2.98 (0.53) 2.86 (0.2) 0.59
Globulin 0 3.30 (0.83) 3.83 (0.86) 0.23
(g/dL) 15 3.60 (0.90) 4.01 (1.43) 0.50
30 3.80 (0.67) 3.44 (1.17) 0.45
45 2.64 (0.29) 2.80 (0.45) 0.40
60 4.11 (1.05) 5.39 (0.8) 0.01*
75 4.01 (0.85) 4.88 (0.94) 0.08
Urea 0 39.00 (8.04) 33.75 (6.71) 0.09
(mg/dL) 15 33.12 (7.94) 33.12 (5.41) 0.10
30 34.50 (10.14) 42.12 (9.28) 0.13
45 40.88 (5.00) 43.50 (6.21) 0.36
60 75.62 (11.17) 67.12 (19.48) 0.30
75 45.38 (6.23) 46.38 (8.25) 0.78

* Significant difference between groups
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Table 3: Number of eggs per gram of feces (EPG) of supplemented dairy sheep with diphenyl
diselenide (group B) in different days of experiment compared control group (group A).

Variable Day Mean + standard deviation P value
Group A Group B

EPG 0 1512.50 (1318.48) 1237.50 (1101.87) 0.65
15 1975.00 (1587.23) 1800.00 (1918.33) 0.84
30 1425.00 (1525.73) 1612.50 (1776.38) 0.82
45 1975.00 (2210.20) 2600.00 (2394.64) 0.59
60 2412.50 (3711.16) 2112.50 (1679.66) 0.83
75 425.00 500.00 0.78

(365.47) (667.62)

Note: There was no significant difference between groups.
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Figure 1. Number of juveniles forms of springtails submitted with organic fertilizing with ovine
feces at doses of 2, 4, 8 and 16 ton per hectare (t hal). A pool of feces was used of each group.
Note: No difference was observed between groups in the tested doses. Group A — Control; and
Group B - supplemented dairy sheep with diphenyl diselenide.
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CONSIDERACOES FINAIS

Infinitos sdo os desafios enfrentados pela industria do leite ovino no Brasil e de maneira
especial, em Santa Catarina. Além da busca por mercado e pela apresentacdo de produtos que
sejam atrativos aos consumidores, é necessario investir conhecimento na producdo de alimentos
que fornecam beneficios a salde de quem os utiliza e ainda promover melhorias na saude dos
animais produtores.

As fémeas ovinas em fase de lactacdo s&o, neste caso, as que merecem maior atencédo e 0s
estudos devem ser intensificados visando buscar maior producdo com maior qualidade. A
modulacdo dietética ainda é a ferramenta mais eficaz para estimular essas caracteristicas nos
animais e o0 uso de suplementos vem de encontro a esse pensamento. Minerais, especialmente o
selénio, sdo exemplos de como é possivel realizar alteracdes satisfatérias num produto, através da
modulacdo do metabolismo do animal produtor.

A forma orgénica do selénio, o disseleneto de difenila, além de permitir que o mineral
seja melhor biodisponibilizado ao animal, vai exacerbar as propriedades antioxidantes e anti-
inflamatérias do mesmo, propiciando recuperacdo eficaz das fémeas ovinas apés o parto e
permitindo que o composto aja também no leite, alterando os niveis de antioxidantes e podendo
causar um aumento do tempo de prateleira dos derivados.

Ainda ha muito a ser descoberto sobre as propriedades do (PhSe)2, muitas informac6es
podem ser acrescentadas a futuros trabalhos, incluindo mecanismos de absorcéo, metabolismo e
excrecdo desse composto. Descobertas satisfatérias foram feitas ao utilizarmos esse mineral na
forma organica em ovinos leiteiros. Através desse trabalho foi possivel comprovar a modulagédo
do sistema antioxidante dos animais e a melhora da qualidade do leite produzido por eles.
Também verificamos que o usso do disseleneto ndo é nocivo a fauna edéfica, permitindo que ele

seja usado de maneira segura.
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CERTIFICADO

Certificamos que o Projeto inStulado "Suplementac3o de ovelhas leiteiras com o deleth.imengaﬂodosmﬂmsm
producdo e qualidade do leile, resposta imune, perfil coadativo & infecgdo por o CETEA
#WI&%.M&M&MhMewmnww memvdveapudw
manulencdo efou utilizagio de animak 20 filo Ch ta, subfio \ brata para fins de

pesquisa
cientifica (ou ensino) « mmem\iomaspeoﬁmdamﬂm de!deambmdei’@&mobeaebusg de 15
de julho de 2009, com as normas editadas pelo Conselho Nacional de Controle da Experimantacio Arimal (CONCEA), & foi aprovado
pelo Comité de Elica em Experimentacio Animal da Universidade do Estado de Santa Catarina (CETEAUDESC) em reunidio de
0S/052016.

Mmﬂyﬂmhmmmdmmm" yl diselenide: h the benefits of producsion and
quality of mlk, i r profile and infection by gastrok | nematodes”, utilizing 16 Ovines (18
females), uMWCETEAme under the respansibility of Aleksandro Schafer Da Silva and team; Angelisa
M. Biazus « which i e p andlor use of animals belonging 1o the phylum Chordata, subphylum
anh(emepthmnnbeiws)hmmm(amdmg)-lfshmmLHHmd
Oclober 8 2008, Decree 8829, of July 15, 2009, with the rudes issued by the Nasonal Councid for Control of Animal
Experimentation (CONCEA), and was approved by the Ethics Committee on Animal Experimantation of the University of the
State of Santa Catarina (CETEAUDESC) in the meesing of 05/052016.

Vigéncia da Proposta: de 092015 a 0822016 Area: Zoctecnia

Procedéncia: Nio aplicavel

Espécie: Ovinos Género: Fémeas idade: 18a20meses N: 16

Linhagem: Lacsune Peso: 45a50kg

R A avi shura leiteira, atividack mpdmmeasﬁmmau”m“mm&ﬂmu

produzir leite com allos feares de sdlidos, os seus dern jonais, devido os beneficios & sadde.

Comnsso.ocbpwodommmMloeuoauuawmbmsd&n(dmmahnh)mmﬁodem
ntes da raga L sobre 8 produgdo do lete, P imal e perfil de dcidos graxos do lete, perfi imunoldgico &

oddatnmwrdemuedemdenﬁmmawmmm’edo das 16 ovelhas adultas,
MOmmmmMmmmmmmabmnm&Mwﬂmm
u;owbmmmsnzawmawmmrma smai
concentrados & 3pos serd formecido o volumoso (silagem de milho). A dieta serd baks d; igéncias do NRC 2007, e
mmawmmammmmAmd&mMammmuemwmme
Para avaliar o efeilo do selnio, oz animais do grupo B com iram receber pels via subcutines a dose de 3.0 mg kg1 de
disselensto de ferda no da 10 pds-parfo (inico do experimento) & serd repetida em inlervalos de 7 dias nos primeiros 42 dias de
ummmmam:ubqﬁ:ﬂaemnm|5¢aﬂe80dapos-ptno.m;ma|eslamm
serfo coletadas em intervalos de 15 dias (dias 10, 25, 40, 55, 70 e 85 pos-parto). A a0 do volt de leite pr ido e
pengerndasmmMMﬂmum@Mbmvaem“mmmwdodomm
suplementaciio de selénio, espers.se com o trabalho melhor a qualidade do leite, assim como redurir niveis de radicais lives no
animal & no leite, além de melhor a resposta imune do animal, & com isso la a infecglo por deos gastrointestinas. Esta
também vai reakzar feste de ecotoxicologia (usando metodologias 1SO), mmamﬁn.mmseo
mmbwmdomdsdmuhhmmmmmm Aém disso, difundir os conheamentos
enconfrados no projelo para produtores, técnicos e InstituigBes de Ensino & Pesquisa e contribuir para 3 melhoria da stividade da
ovinocultura lefteira em Santa Catarina e no Brasi.

Santa Catarina, 05 de maio de 2016
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