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A aflatoxina B; (AFB;) € uma das principais micotoxinas que podem ser identificadas
em alimentos, possuindo relevancia agroeconémica e para a saude publica, por ser
considerada imunotdxica. Um sistema imune funcional é um requisito basico para uma vida
saudavel na produgdo moderna de animais. A interacdo envolvendo nutricdo e imunidade é
um fator estratégico para obter um bom desempenho em frangos de corte. Devido as suas
atividades imunomodulatérias, substancias como as B-glucanas proporcionam ao hospedeiro
uma maior capacidade de resistir a infecgdes oportunistas. Para melhor compreender o
mecanismo de acdo das B-glucanas, sobre os linfocitos de frangos de corte, investigou-se 0s
efeitos das concentracdes de 0.1, 1 e 10% de B-glucanas derivadas do fungo Saccharomyces
cerevisiae em linfécitos expostos a crescentes concentracbes de AFB; (0, 0.1, 1, 10, 20
pg/ml). Os linfécitos foram separados através do reagente de densidade Ficoll-Histopaque e
cultivados em placas de 96 pocos, contendo as concentragdes de AFB; e/ou B-glucanas em
atmosfera de 5% de CO; a 39°C durante 24, 48 e 72 h. A citotoxicidade celular foi avaliada
através dos testes MTT e PicoGreen®, e a formacéo de espécies reativas de oxigénio (EROS)
através do ensaio 2'-7'- diacetato diclorofluoresceina. Também foi utilizado o teste cometa
para elucidar os danos ao DNA. A viabilidade celular reduziu na presenca de 10 pg/ml de
AFB; em 48 h (p < 0.05) e em 10 and 20 pg/ml de AFB; (p < 0.01 e p < 0.001,
respectivamente) em 72 h quando comparada ao grupo controle. Além disso, as concentracdes
de AFB; > 1 ug/ml aumentaram significativamente (p < 0.001) a liberacdo de fita dupla de
DNA (dsDNA) e a produgdo de EROS em 24 h. Os danos causados ao DNA foram
confirmados através do momento cauda do cometa e aumentaram cerca de 2,3 vezes em
linfocitos expostos a 20 pg/ml de AFB; quando comparados ao grupo controle. Por outro
lado, as p-glucanas exerceram efeitos citoprotetores (p < 0.001), sendo que a concentragdo de
1% foi capaz de reverter os danos genotdxicos causados pela agdo da AFB;. J& a concentracdo
de 10% de PB-glucanas aumentou significativamente (p < 0.001) a formagdo de EROS,
potencializando a a¢cdo da AFB;. Em concluséo, este estudou evidenciou que a AFB; e as p-
glucanas exercem influéncia sobre o metabolismo oxidativo dos linfocitos e possui efeito
potencializador dose-dependente. Os resultados também evidenciaram o efeito genoprotetor
in vitro de B-glucanas em linfécitos de frangos expostos a AFB;, sendo a concentragédo de -
glucanas a 1% capaz de manter a integridade do DNA.

Palavras-chave: Aflatoxina B;. B-glucana. Linfdcitos. Frangos de corte. Genotoxicidade.
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The aflatoxin By (AFB;) is one of the main mycotoxins that can be identified in foods,
and has relevance for agricultural economics and public health because of its immunotoxic
properties. A functional immune system is a basic requirement for a healthy life in modern
animal production. The interaction involving nutrition and immunity is a strategic factor to
obtain a high quality performance in the poultry industry. Immunomodulators such as f-
glucans have an immunostimulating activity, which enables the host ability to resist
opportunistic infections. To contribute to the elucidation of the mechanism of action of -
glucans in broiler chicken lymphocytes, the effects of the concentrations of 0.1, 1 and 10% of
B-glucans derived from Saccharomyces cerevisiae were investigated in lymphocytes exposed
to increasing concentrations of AFB; (0, 0.1, 1, 10, 20 pg/ml). Lymphocytes were separated
by Ficoll-Histopaque density and cultured in 96 well-plates containing AFB; and/or B-glucans
in a 5% CO, atmosphere at 39°C. MTT, PicoGreen™ and 2'-7'-dichlorofluorescein diacetate
cytotoxicity tests were evaluated at 24, 48 and 72 h of incubation. The comet assay to
elucidate the DNA damage was also performed. The percentage of viable cells decreased in
the presence of 10 pg/ml AFB; at 48 h (p < 0.05) and 10 and 20 pg/ml AFB; at 72 h (p <
0.001 and p < 0.01, respectively), when compared to the control group (0 pg/ml).
Furthermore, an increase in cell-free DNA in AFB; concentrations > 1 pug/ml (p < 0.001) and
the generation of ROS at 24 h were also observed. DNA damage increased approximately 2.3
fold in lymphocytes exposed to 20 pg/ml of AFB; when compared to the control group.
Conversely, B-glucans showed cytoprotective effects (p < 0.001), and the concentration of 1%
reverted the AFB;-induced lymphocyte damage. 3-glucans at 10% significantly increased (p <
0.001) the formation of reactive oxygen species (ROS), potentiating the AFB;-induced ROS
formation. In conclusion, this study showed that AFB; and B-glucans exert influence on
lymphocyte oxidative metabolism and have dose-dependent potentiating effects. The results
also showed genoprotective in vitro effect of B-glucans in poultry lymphocytes exposed to
AFBy, being the concentration of 1% B-glucans able to maintain DNA integrity.

Keywords: Aflatoxin B;. B-glucans. Lymphocytes. Broiler chickens. Genotoxicity.
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APRESENTACAO

Os resultados que fazem parte desta dissertacdo estdo apresentados sob a forma de
manuscritos. As secGes Materiais e Métodos, Resultados, Discusséo e Referéncias encontram-
se nos proprios manuscritos e representam a integra deste estudo.

Os itens Discussdo e Concluses, encontrados no final desta dissertagdo, apresentam
interpretacdes e comentarios gerais sobre 0s manuscritos contidos neste trabalho.

As referéncias referem-se somente as citacfes que aparecem nos itens Introducao e
Discussdo desta dissertacao.

Os manuscritos estdo estruturados de acordo com as normas das revistas cientificas
nas quais se encontram submetidos:

Manuscrito 1: Environmental Toxicology and Pharmacology

Manuscrito 2: Mutation Research - Genetic Toxicology and Environmental

Mutagenesis
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INTRODUCAO

Doencas de origem alimentar geralmente resultam da ingestdo de alimentos
contaminados com microrganismos, especialmente fungos e toxinas. Substancias toxicas,
como a aflatoxina B; (AFB;) ocorrem naturalmente em alimentos e ra¢Ges podendo afetar
negativamente a qualidade nutricional, seguranca alimentar e a sadde humana e animal
(YUNUS et al., 2011). Devido a uma crescente preocupacdo com as relacdes entre dieta,
doencas e seguranca no abastecimento de alimentos, pesquisas sd0 necessérias para definir
condicBes que minimizem os niveis de compostos toxicos em produtos alimenticios de origem
animal e vegetal e assim evitar numerosas vitimas por “toxinfec¢des” alimentares

(OUESLATI et al., 2012; FRIEDMAN; RASOOLY, 2013).

Avicultura Brasileira

A cadeia produtiva de frangos de corte no Brasil encontra-se em constante crescimento
e assegura ao pais a posicdo de terceiro maior produtor e 0 mantém na posicdao de maior
exportador mundial desde 2004 (U.B.A., 2013). Fatores como, o crescimento tecnoldgico,
avangos na genética, nutricdo e manejo animal sdo responsaveis por este progresso aliados a
qualidade e precos acessiveis. Outro fator favoravel é a disponibilizacdo de matéria-prima
para a alimentacdo do plantel, como o milho e o trigo, que o Brasil produz em grande escala.
O setor emprega mais de 4,5 milhGes de pessoas e responde por quase 1,5% do Produto
Interno Bruto (PIB) nacional. As industrias de carne de aves estdo concentradas nas regifes
Sul, Sudeste e Centro-Oeste do pais (U.B.A., 2012).

Neste ambito, deve-se salientar que a producdo de grdos em algumas regides do Brasil
é desfavorecida pelo clima tropical e subtropical, que favorecem o desenvolvimento de fungos
e de seus contaminantes, as micotoxinas, que estdo associadas a perdas consideraveis nos

aviarios por contaminarem racées (QUEIROZ et al., 2013).
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Micotoxinas

Os fungos filamentosos produzem diversos metabdlitos secundarios denominados
micotoxinas, que se desenvolvem naturalmente em produtos alimenticios, como milho, trigo,
amendoim, cevada, centeio entre outros. As micotoxinas sdo consideradas compostos
bioldgicos naturais de baixo peso molecular, alta lipossolubilidade, estaveis sob calor intenso
e normalmente toxicas (IHESHIULOR et al., 2011). Por ndo possuirem natureza proteica, as
micotoxinas ndo sdo imunogénicas, diferenciando-se das toxinas bacterianas (TESSARI;
CARDOSO, 2012). As enfermidades causadas pelos metabolitos secundarios séo
denominadas de micotoxicoses, que acometem tanto 0s animais quanto 0s humanos
(OUESLATI et al., 2012).

A exposi¢do humana as micotoxinas pode ocorrer através do consumo de alimentos
contaminados de origem animal ou graos, e estd associada a ocorréncia de casos de cancer e
efeitos deletérios em recém-nascidos (SHUAIB et al.,, 2010). As intoxicacdes sdo
caracterizadas por sindromes difusas, que causam lesGes em varios 6rgaos, como figado, rins,
tecido epitelial e sistema nervoso, dependendo do tipo de toxina (BBOSA et al., 2013).

Vérios fatores bioldgicos, quimicos e fisicos contribuem para a ocorréncia dos
metabdlitos secundarios de fungos na cadeia alimentar, dentre eles, temperatura, umidade,
susceptibilidade da planta, danos por insetos ou mecanicos durante a colheita. E relevante
salientar, que a maioria das micotoxinas apresentam grande estabilidade quimica, o que
favorece a sua constancia nos grdos e alimentos em gerais (FILAZI; SIRELI, 2013). Logo, €
importante ter controle dos niveis de contaminagdo dos alimentos nas etapas de producéo,
armazenamento, processamento e distribuicdo dos graos para evitar possiveis intoxicagdes e
enfermidades mais graves (MADRIGAL-SANTILLAN et al., 2010).

As cepas dos fungos Aspergillus, Penicillium e Fusarium sdo as mais frequentemente
encontradas como invasoras de culturas de graos (MADRIGAL-SANTILLAN et al., 2010).
As principais micotoxinas identificadas em alimentos, de relevancia agroeconémica e para a
salde publica sdo as aflatoxinas (AFL), ocratoxinas, tricotecenos, zearalenona e fumonisinas.
As AFL merecem destaque pela frequente ocorréncia e também pelo elevado potencial

toxigénico demonstrado em aves de producdo (BBOSA et al., 2013).
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Aflatoxinas

Desde a descoberta da AFL na década de 1960, as diversas micotoxinas tém suscitado
grandes preocupacdes em salde publica devido a ocorréncia generalizada em alimentos para
animais e alimentos humanos (OUESLATI et al., 2012). A partir deste acontecimento
identificou-se que esta importante toxina era produzida pelo fungo Aspergillus flavus,
contaminante do bagaco de amendoim proveniente do Brasil (HOPMANS, 1997). Em 1961,
investigadores ingleses do Tropical Products Institut descobriram que o A. flavus produzia
uma substancia toxica. A partir de 1962 descobriu-se que a AFL era um potente
hepatocarcin6geno natural para os animais e humanos, o que instigou estudos da possivel
relacdo entre a exposic¢do e o cancer (PERAICA et al., 1999).

A contaminacdo de alimentos e ra¢@es por fungos produtores de AFL € um problema
de salde publica recorrente e estima-se que cerca de 4,5 bilhdes de pessoas correm o risco de
exposicdo crénica a AFL (WILLIAMS et al., 2004). As AFL séo produzidas principalmente
pelo A. flavus, A. parasiticus e A. nomius (CALVO, 2005). Existem 18 tipos de AFL, sendo
as de maior interesse as AFL B; (AFB,), B, (AFB,), G1(AFG;) e G2 (AFG,) (Fig. 1), de
ocorréncia natural em vérios produtos como milho, amendoim, sorgo, trigo e castanha
(LEONG et al., 2012). As AFL M; (AFM;) e AFM; séo encontradas no leite, carne, ovos e
urina, originarias da biotransformacdo das AFB; e AFB; pelo organismo apds ingestdo de
alimentos contaminados (FILAZI; SIRELI, 2013; MADRIGAL-SANTILLAN et al., 2010). O
Brasil apresenta limites regulatérios para a presenca de AFL e outras micotoxinas em
alimentos, sendo que a AFL néo deve ser superior a 20 pg/Kg (BRASIL, 2011).

As AFL pertencem ao grupo das bifuranocumarinas e sdo formadas por moléculas
heterociclicas, com atomos de oxigénio e anéis de difurano. Estas micotoxinas sdo moléculas
de baixo peso molecular, possuem estruturas quimicas e fisicas semelhantes e sdo sollveis em
solventes organicos moderadamente polares como o metanol e o etanol. Receberam a
designacdo B ou G devido a propriedade de emitirem coloragdo azul (“blue”) e verde
(“green”) sob a luz ultravioleta (GOMPERTZ et al., 2008).

Representam boas condicdes, para a produgdo de AFL, temperaturas entre 12°C e 42°C
(MIDIO; MARTINS, 2000), umidade relativa do ar de 80 a 85% com atividade de agua
superior a 0,8 (KOBASHIGAWA, 2010). Quando expostas a temperaturas acima de 100°C,
as AFL demonstram pequena ou nenhuma decomposi¢do, como consequéncia, ndo Sao
eliminadas nas condi¢Ges normais de processamento dos alimentos (cozimento, pasteurizagéo,
torrefacéo, entre outros) (MIDIO; MARTINS, 2000).
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Figura 1- Estrutura molecular das AFB;, AFG;, AFMy, AFB,, AFG, e AFM,. Fonte: Yunus et al. (2011).
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A AFB; ¢ reconhecida como o carcindgeno natural mais potente (MATSUDA et al.,

2013), sendo classificada na classe 1 dos carcindgenos humanos pela International Agency for

Research on Cancer (IARC, 1993). Embora o figado seja o principal alvo, a exposi¢do

respiratoria as AFL, por intermédio da inalacdo de poeiras, pode contribuir significativamente

para a incidéncia de cancer no trato respiratorio, como o pulmonar (YANG et al., 2013).

Toxicocinética da AFB;

A AFB; é absorvida imediatamente, ap0s a sua ingestdo, pelo trato gastrointestinal por

difuséo passiva e difundi-se rapidamente, com o auxilio principalmente da albumina e outras

proteinas, por todos os tecidos do organismo, concentrando-se nos rins e figado (SANTURIO,
2000; LEONG et al., 2012). A capacidade de detoxificagdo da AFB;, pelos animais, varia

entre as diferentes espécies e também ¢ influenciada por fatores, como sexo, idade, estado de
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salde e alimentacdo (MARAI; ASKER, 2008). A AFB; é considerada um prd-neoplésico,
pois requer ativacao para que possa exercer seus efeitos toxicos (LEONG et al., 2012).

A biotransformacdo da AFB; ocorre especialmente no figado, onde é metabolizada e
seus metabdlitos ligam-se aos é&cidos nucleicos e proteinas, sendo que parte desta
metaboliza¢do também pode ocorrer nos rins. As enzimas microssomais do citocromo (CYP)
P-450, do figado e de outros tecidos, convertem AFB; em metabolitos epdxidos (AFB;-8,9-
exo-epoxido e AFB;-8,9-endo-epdxido) e aflatoxicol (YUNUS et al., 2011) (Fig. 2). O
metabolito AFB;-8,9-exo-epoxido pode realizar ligacGes covalentes a sitios nucleofilicos em
constituintes intracelulares, incluindo DNA e RNA formando adutos, como AFB;-N7-guanina
ou lisina (MARAI; ASKER, 2008).

O metabolismo da AFB; também induz formacdo de espécies reativas de oxigénio
(EROS), que em excesso causam desequilibrios oxidativos, conduzindo a alteragdes nas
fungBes e na viabilidade celular em nivel de DNA, proteinas e oxidagdo lipidica (MARIN;
TANARU, 2012). Este desequilibrio pode ser devido a diminuicdo de antioxidantes
enddgenos ou ingestdo insuficiente na dieta, que resultam na acumulacdo de EROS em
componentes celulares e implicando em doencas degenerativas e sistema imunoldgico
ineficiente (HALLIWELL; WHITEMAN, 2004). Assim, um importante sistema de defesa
enzimatico contra o aumento de radicais livres, envolve as enzimas superéxido dismutase,
catalase, glutationa peroxidase e redutase, que apresentam associagdes com alteracdes dos
estados antioxidantes e com o aumento do estresse oxidativo (ROVER JUNIOR et al., 2001;
POURAHMAD et al., 2010).
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AFLATOXINA B, 41
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Figura 2 — Metabolismo da AFB; no figado de aves. Fonte: Santurio (2000).

Segundo Giambrone e colaboradores (1978), as AFL tém um efeito significativo sobre
imunidade mediada por células em aves, causando depressdao no sistema imunolégico,
diminuindo a produgdo de imunoglobulinas e a resisténcia a doengas infecciosas,
assim como sobre a imunidade adquirida induzida pela vacinacdo (OSWALD; COMERA,
1998).

Efeitos Biologicos da AFB; nas aves

Ap0s a difusdo e biotransformacédo da AFB; pelo organismo os efeitos comecam a ser
observados em curto espaco de tempo. Os efeitos toxicos sdo dependentes da dose, tempo de
exposicdo, idade e estado nutricional (MARAI; ASKER, 2008) determinando assim,
intoxicagBes agudas ou crénicas.

A toxicose aguda ocorre pela ingestdo de alimentos com doses elevadas de AFL.
Anélises histopatologicas demonstraram ictericia, morte de hepatocitos, além de febre baixa,
depressdo, anorexia, diarreia e alteracGes gordurosas degenerativas no figado (PATERSON;
LIMA, 2010). Ocorrem alteragdes também no tamanho dos 6rgédos internos, como figado,
baco e rins, enquanto a bursa de Fabricius e o timo diminuem (TESSARI; CARDOSO, 2012).
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A toxicose cronica ocorre através da ingestdo de alimentos contaminados com baixos
niveis, por periodos prolongados, de forma continua ou intermitente, sendo a principal forma
de intoxicacdo em condi¢fes naturais. Costuma-se observar letargia, reduzida producdo de
ovos, vesicula biliar inchada, diminuicdo da taxa de crescimento dos animais jovens e
imunossupressdo (LEESON et al., 1995; TESSARI; CARDOSO, 2012). Pela demora na
percepcdo desta patologia e pelo dificil diagndstico clinico, os animais ficam predispostos a
infeccbes secundarias como salmonelose, coccidiose e candidiase, 0 que tornam as perdas
econdmicas evidentes (FILAZI; SIRELI, 2013).

Analisando as alteragdes histopatoldgicas do figado de frangos de corte, Tessari e
colaboradores (2006) observaram degeneracdo hepéatica com reacdo proliferativa ductal,
hiperplasia, proliferacdo dos ductos biliares e infiltracdo de heterofilos. Os metabdlitos
reativos da AFB; quando ligados a constituintes intracelulares, principalmente nos
hepatdcitos, prejudicam as defesas antioxidantes e induzem a danos genéticos (MARIN;
TANARU, 2012).

A AFB; também pode induzir aumento da atividade das enzimas lisossomais no figado
e musculo esquelético de frangos. Sendo que esse fenbmeno, associado a outros fatores,
comprometem a integridade tecidual durante a intoxicacdo. Além das alteracdes ocorridas na
bursa de Fabricius, verifica-se a degeneracdo do foliculo associado ao epitélio, o que resulta
na deficiéncia da resposta imune celular e humoral (CELIK et al., 2000).

Imunidade das Aves

O sistema imunologico é uma combinacdo de membranas com mudltiplas
caracteristicas (pele, epitélio, muco), compostas por células e moléculas cuja funcéo é reagir
contra uma série de patdgenos invasores ou até mesmo células neoplasicas. A fungdo do
sistema imune concentra-se principalmente na “resposta” dada a identificac¢ao e eliminagéo de
agentes nocivos a saude do hospedeiro. O sistema imunitario dos vertebrados é composto por
dois elementos funcionais, o inato e o0 adquirido (KOGUT; KLASING, 2009).

A imunidade inata compreende uma rede de fagocitos (macréfagos/monacitos, células
dendriticas e neutrofilos) e células citotdxicas, que possuem fungdes de vigilancia, sendo a
primeira defesa celular contra agentes invasores. Sendo assim, ela pode ser regulada por

fatores exdgenos, como a dieta (THOMPSON et al., 2010). Tais células possuem receptores
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conhecidos como receptores de reconhecimento de padrdes moleculares (PRR) e os padroes
moleculares associados a patdgenos (PAMPs) (JANEWAY; MEDZHITOV, 2002).

A imunidade adquirida envolve respostas imunes que sdo induziveis e especificas a
determinados antigenos, além de possuir memdria. O contato inicial com o antigeno, através
das celulas apresentadoras de antigeno (APC), leva a ativacao dos linfécitos T e B, que séo
adaptaveis a respostas antigénicas (KOGUT; KLASING, 2009). Os receptores celulares séo
gerados por rearranjos de genes, resultando em repertério diverso de receptores antigénicos
com varias especificidades de clones de linfécitos (JANEWAY; MEDZHITOV, 2002). Apds
a eliminacéo da infecgdo, esses clones expandidos formam memaria e fornecem uma resposta
mais rapida para a segunda exposi¢do ao mesmo antigeno (KOGUT; KLASING, 2009).

A imunidade adquirida é mediada por dois tipos diferentes de respostas dependendo
do tipo de linfécito que responde principalmente para o antigeno: imunidade mediada por
celulas (linfocitos T) e imunidade humoral (linfécitos B) (BENJAMINI et al., 2002). A
imunidade humoral é caracterizada pela producdo de anticorpos pelos linfocitos B em
resposta ao antigeno extracelular reconhecido. A imunidade mediada por células é
caracterizada pelo reconhecimento, através dos linfocitos T, de células hospedeiras infectadas
ou transformadas (KORVER, 2006). Os linfécitos T desenvolvem-se no timo e os linfécitos B
originam-se na medula dssea e diferenciam-se em células plasmaticas, na bursa de Fabricius.
As células plasmaticas secretam glicoproteinas, que sdo os anticorpos que auxiliam 0s
fagocitos (heterofilos e mondcitos) no reconhecimento de antigenos (CARDOSO et al., 2003).
Em adicdo, os linfocitos B, além da sua capacidade para segregar anticorpos, sao capazes de
assumir fungdes como a de apresentacdo de peptideos antigénicos a linfécitos T (ZOUALL,
2013). Na maioria das espécies das aves, a percentagem de linfocitos € maior que qualquer
outro elemento celular compreendendo entre 40 a 70% da contagem total (CARDOSO et al.,
2003).

As células do sistema imunoldgico das aves, assim como as dos mamiferos, dividem-
se de acordo com a estrutura nuclear. Os agranulécitos sdo constituidos por linfdcitos,
macrofagos, mondcitos e trombaocitos. Os granuldcitos sdo constituidos por heterofilos,
eosinofilos, basofilos e mastocitos, e a morfologia destas células varia de acordo com as
especies aviarias (NORIEGA, 2000; MORGULLIS, 2002).

Os mondcitos, macrdfagos, heterdfilos e linfocitos constituem o0s componentes
celulares das respostas imunoldgicas (MORGULIS, 2002), e os trombdcitos (plaquetas)
participam da cascata de coagulacdo sanguinea (FAIRBROTHER et al., 2004). Os mondcitos
possuem capacidade de fagocitar particulas estranhas e quando migram para os tecidos,
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maturam e transformam-se em macréfagos (MORGULIS, 2002). Os macréfagos sdo os
responsaveis pela defesa priméria, contra os agentes infecciosos, auxiliando na regulagdo das
respostas imunologica inata e adquirida (KLASING, 1998). Os heterofilos, neutrofilos em
mamiferos, sdo responsaveis pela defesa primaria contra bactérias. Outros granulécitos, como
os eosindfilos e baséfilos combatem parasitas e liberam mediadores soltveis de inflamacéo,
respectivamente (FAIRBROTHER et al., 2004).

Multiplos fatores influenciam no nimero de células presentes no sistema imunolégico.
Entre esses fatores estdo as parasitoses, as micoses e as toxicoses. A leucopenia pode sugerir 0
decréscimo das funcges imunoldgicas, entretanto, pode ocorrer aumento nas quantidades
celulares circulantes mesmo na presenca de imunossupressao. Mas a quantidade de leucocitos
isoladamente de outros sinais clinicos, ndo é suficiente para indicar a presenca de patologias,
sendo necessarias outras informacoes fisiologicas e imunoldgicas para um diagnostico correto
(FAIRBROTHER et al., 2004).

Estrutura do Sistema Imunoldgico das aves

As aves ndo possuem linfonodos encapsulados, elas desenvolvem tecidos linfoides,
que podem estar associados as mucosas, como no trato digestorio as tonsilas cecais, as placas
de Peyer, a bursa de Fabricius, diverticulo de Meckel e as tonsilas pildricas e esofagianas.
Outro tecido linfoide, considerado o maior, é a glandula harderiana, que esta associada ao
olho das aves, localizada na drbita atrds dos olhos e possui infiltrado de linfocitos B e
linfocitos T, principalmente CD4+ e TCRVB1+. Durante a fase pos-natal os tecidos linfoides
se desenvolvem e sdo maturados através de estimulo antigénico (OLAH; VERVELDE, 2008).

Nas aves, 6rgdos como o timo e bursa de Fabricius, sdo sitios de maturacdo de
linfocitos e o bago é o 6rgdo responsavel pelas reacGes imunoldgicas. No timo, os linfocitos T
se desenvolvem e s&o selecionados para desenvolverem receptores CD4 e CD8
(FAIRBROTHER et al., 2004). Macréfagos e linfocitos T se comunicam através da liberacdo
de citocinas, que sdo proteinas sollveis, tais como interferon ou prostaglandinas
(BENJAMINI et al., 2002). Linfocitos B se desenvolvem na bursa de Fabricius, onde ocorre
conversao ou rearranjo do gene para expressao de determinadas imunoglobulinas (WEILL et
al., 1986). Neste mesmo 0Orgéo, ocorre a diferenciacdo de linfocitos B em plasmacitos, que
produzem, nas aves, trés classes distintas de imunoglobulinas: IgM (anticorpo primério), IgY
(resposta secundaria) e IgA (anticorpos da mucosa) (OLAH; VERVELDE, 2008).
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Anticorpos sdo primariamente responsaveis pela neutralizacdo viral, opsonizacao
bacteriana ou de outras particulas para a facilitagdo da fagocitose, ligacdo a linfécitos T alvos
ou ativacdo do sistema complemento para aumento da lise celular (FAIRBROTHER et al.,
2004). Disturbios no desenvolvimento dos o6rgdos linfoides e a supressdao da funcéo
imunologica podem comprometer as respostas imunolégicas, deixando o animal susceptivel a
contaminacdes e, consequentemente, a diversas patologias (CARDOSO et al., 2003).

Uma ferramenta muito atil para avaliacdo dos orgaos, disfuncBes imunoldgicas e
metabolicas é através de sistemas in vitro, que abordam principalmente investigacdes
toxicologicas. Essa area do conhecimento tem proporcionado a investigacdo toxicoldgica do
efeito de farmacos e toxinas em cultura de células, melhorando consideravelmente a validacéo
da acdo tdxica de diversas substancias e 0s mecanismos moleculares envolvidos no ambiente
celular (ZUCCO et al., 2004). Os estudos in vitro vém evoluindo e focando em fins
citotoxicos, como investigacfes de hemato-, nefro- e hepatotoxicidade. Com o aprimoramento
das investigacOes e facilidades para explicar diversos mecanismos celulares, esse sistema
surge como uma alternativa para minimizar o uso de animais para estudos experimentais
(WISE, 2002).

O cultivo de células esta atraindo a atencdo de pesquisadores, pela capacidade de
desenvolver ensaios com rapidez, seguranca e apreciavel correlagdo com resultados in vivo.
Também é um modelo para desenvolver analises envolvendo lesbes ao DNA, potencial
mutagénico e recombinogénico de qualquer substancia. Além disso, € importante para o
desenvolvimento de terapias celulares na medicina regenerativa envolvendo células tronco,
engenharia de tecidos, virologia e aconselhamento genético (DE COPPI; BARTSCH, 2007;
ZUCCO et al., 2004).

Imunomoduladores

Uma resposta imunologica eficiente é requerida para ter resisténcia as doencas
infecciosas. A vacinagdo pode ser a medida mais eficaz para prevenir doencas de etiologia
unica. No entanto, quando uma variedade de agentes infecciosos e estressores ambientais
induzem enfermidades, o uso de antibioticos pode ter vantagem substancial sobre a vacinacao
(GUO et al., 2003). Entretanto, a utilizagdo de drogas antibacterianas, os antibidticos, pode
resultar em resisténcia bacteriana e residuos na carne das aves (CHAE et al., 2006). A

interacdo envolvendo nutricdo e imunidade pode ser um fator estratégico para se obter um
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bom desempenho na industria avicola. Componentes alimentares que afetam o sistema
imunolégico tém se tornado cada vez mais populares na promog¢do da salde devido as suas
propriedades imunomoduladoras, que podem regular funcbes fisiologicas e imunitarias
(KOGUT; KLASING, 2009; RIEDER et al., 2013).

Imunomoduladores dietéticos, como as B-glucanas, estdo atraindo a aten¢do como
possiveis promotores de crescimento, aumentando a imunocompeténcia de animais de abate.
Pesquisas demonstram a atividade imunomoduladora das B-glucanas em camundongos
(SUZUKI et al., 1990), peixes (JENEY; ANDERSON, 1993), frangos de corte (CHAE et al.,
2006) e humanos (KIM; YUN, 2006). Pela capacidade adsortiva que possuem, elas podem ser
uma alternativa a reduzir a biodisponibilidade de micotoxinas, sendo uma estratégia

disponivel para atenuar o efeito dos metabdlitos secundarios (SMITH et al., 2006).

B-glucanas

As B-glucanas sdo polissacarideos constituintes estruturais da parede celular de
leveduras, fungos filamentosos e alguns cereais, que se diferenciam pelo tipo de ligacéo entre
as unidades de glicose da cadeia principal e pelas ramificacdes que se conectam a essa cadeia
(McINTOSH et al., 2005). Elas séo capazes de induzir uma serie de efeitos que modulam o
sistema imune inato e adaptativo (THOMPSON et al., 2010). Quando testadas in vitro, as -
glucanas mostram atividade antimicrobiana (GORDON et al., 1998), antifungica (HOHL et
al., 2008) e antiparasitaria (WILLIAMS et al., 1989). Sdo conhecidas também por suas
atividades antitumorais, anti-inflamatérias, hipocolesterolémicas, hipoglicémicas e
antioxidantes (MAGNANI; CASTRO-GOMEZ, 2008).

O interesse pelas propriedades biologicas das -glucanas surgiu apos a obtengdo do
zymosan, na década de 1950, quando elas foram reconhecidas como um dos componentes. O
zymosan é um extrato insolvel derivado da parede celular de S. cerevisiae, rico em proteinas,
B-glucana, quitina, mananas e lipideos, sendo a B-glucana o constituinte biologicamente ativo (DI
CARLO; FIORE, 1958; YANG; MARSHALL, 2008). Foi atribuido ao zymosan propriedades
imunoestimulantes, principalmente no sistema complemento e como sendo um
potencializador durante a producgéo de anticorpos em ratos (CUTLER, 1960).

Uma importante fonte de B-glucanas é a parede celular de S. cerevisiae, um fungo
leveduriforme de fermentagdo, amplamente empregado nas industrias de panificagdo e

cervejaria. Em S. cerevisiae, as B-glucanas sdo constituidas por um esqueleto linear central de
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unidades de glicose ligadas na posi¢do f (1-3), com cadeias laterais unidas em f (1-6), que
ocorrem em diferentes intervalos e tém tamanhos variados. De acordo com estudos realizados
por Kim e Yun (2006), as B-glucanas obtidas da parede celular de leveduras parecem ser mais
efetivas do que aquelas obtidas de outras fontes como algas (Laminaria spp.), fungos
zoosporicos  (Pythium  aphanidermatum) e bactérias (Agrobacterium  rhizogenes)
(THOMPSON et al., 2010).

Nos vertebrados, a resposta as B-glucanas inicia apés a ingestdo ou contato do sistema
imune com receptores de reconhecimento presentes na superficie celular de
macrofagos/mondcitos, linfocitos, neutrofilos e células natural killer (NK), além da inducéo
da expressdo de diversas citocinas. Os receptores para B-glucanas também estdo presentes nas
células ndo imunes como as endoteliais, fibroblastos, do epitélio alveolar e de Langerhans
(MAGNANI; CASTRO-GOMEZ, 2008; THANH HOA et al., 2011).

Como as B-glucanas ndao podem penetrar nas células, devido ao seu peso molecular,
entdo a interacdo com o sistema imunolédgico ocorre através da ligacdo com 0s receptores
celulares como o lactosilceramida, receptores Toll-Like (TRL) e principalmente dectina-1
(BROWN, 2005; YIANNIKOURIS et al., 2006). Apo6s, as vias de sinalizacdo intracelular
recebem estimulos e culminam na ativacdo, translocacdo e ligacdo de proteinas nucleares
imunomoduladoras (KUBALA et al., 2003). O mecanismo de acdo esta relacionado ao peso
molecular, tipo de ligacGes glicosidicas, residuos presentes, solubilidade em agua,
conformagdo espacial e grau de polimerizacdo das B-glucanas (MAGNANI; CASTRO-
GOMEZ, 2008).

A atividade biologica da B-glucana baseia-se na sua longa permanéncia nos sistemas
dos vertebrados em virtude da auséncia da enzima f (1-3) glucanase que degrada a f-glucana
e favorece a atividade imunoestimulante (SUDA et al., 1996; THOMPSON et al., 2010). A B-
glucana é metabolizada principalmente por oxidacdo, resultando na solubilizacdo e
consequente atividade biologica (OHNO et al., 1999), ou pela secrecdo através de filtracdo
glomerular (SUDA et al., 1996).

Outra caracteristica importante das p-glucanas é atribuida a interagdo com as
micotoxinas. De acordo com Yiannikouris e colaboradores (2006) as -glucanas reduziram a
biodisponibilidade de um complexo de micotoxinas (AFB;, deoxinivalenol e patulina) no
trato digestivo. A afinidade pelas micotoxinas esta relacionada a forma como se ligam,
exibindo maior afinidade pela AFB1, em razdo do encaixe da molécula de AFB; a estrutura
das B-glucanas (Figura 3). A AFB; ¢ presa dentro de uma unica hélice da cadeia de f-glucana,

deixando a cadeia ramificada como um local para novas ligagdes. Outra vantagem esta



26

relacionada aos valores de energia com pequena variagdo, devido a interacdo de van der
Waals permitindo vérias posicdes de encaixe e uma fécil penetracdo e adsor¢do da AFB; na
hélice da pB-glucana (YIANNIKOURIS et al., 2006).

Figura 3 - Conformacdo da AFB; dentro da estrutura da B-glucana. Modelos de encaixe gerados por
computador. As setas indicam a molécula de AFB;. Fonte: Yiannikouris et al. (2006).

Diante disso e dos efeitos bioldgicos negativos da AFB; em aves € importante avaliar
0 mecanismo de agdo citoprotetor de PB-glucanas em aves expostas a AFB;, como uma
possivel alternativa para evitar aflatoxicose e perdas agroeconémicas.

Estudos in vitro relacionando o efeito da AFB; sobre linfocitos de frangos de corte séo
escassos. Tendo em vista que as B-glucanas podem potencializar a resposta imunolégica das
aves e contribuir para uma melhor qualidade da carne de frango, é relevante o
desenvolvimento de experimentos in vitro envolvendo a associagdo de ambas. O seu uso

também pode influenciar na opinido pablica que, cada vez mais, exige produtos alimentares
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com menor risco a saude humana, assim como nas medidas de melhoria das condicGes

higiénico-sanitarias ambientais.
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OBJETIVOS

Objetivo Geral

Avaliar o efeito cito- e genoprotetor in vitro de B-glucanas sobre linfcitos de frangos

(Gallus gallus domesticus) expostos a aflatoxina By

Objetivos especificos

- Verificar a susceptibilidade in vitro dos linfdcitos a diferentes concentragdes da AFB;

sobre 0s parametros citotoxicos.

—> Analisar a influéncia das diferentes concentra¢des de B-glucanas sobre a atividade celular

dos linfocitos cultivados in vitro com e sem AFB;

- Determinar a concentragdo de B-glucanas que neutralizam a acdo da AFB; sobre os

linfocitos.
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Abstract

This in vitro study focused on the cytotoxic effects of aflatoxin B; (AFB;) on
lymphocytes of broiler chickens incubated with the concentrations of 0, 0.1, 1, 10 and 20
pg/ml of AFB;. Lymphocytes were separated by Ficoll-Histopaque density and cultured in 96
well-plates containing the AFB; concentrations in a 5% CO, atmosphere at 39°C. Thereafter,
MTT, PicoGreen and reactive oxygen species assays were performed. Cell viability decreased
in the presence of 10 pg/ml AFB; at 48 h (p < 0.05) and 10 and 20 pg/ml AFB;at 72 h (p <
0.01 and p < 0.001, respectively) when compared to the control (O pg/ml). However, a dose-
dependent increase in the cell-free DNA at 24 h at 1, 10 and 20 pg/ml (p < 0.001) was
observed. ROS formation was significantly increased at 24 h at all concentrations (p < 0.001).
The in vitro results demonstrate that AFB; is cytotoxic and cause biomolecular oxidative

damage in lymphocytes of broiler chickens.

Keywords: Aflatoxin B;; Lymphocytes; Broilers; MTT; PicoGreen; Reactive oxygen species.
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1. Introduction

Aflatoxins are secondary metabolites of fungi of the genus Aspergillus that include the
species A. flavus, A. parasiticus and A. nomius, in particular (Kalpana et al., 2012; Hamid et
al., 2013). The most common aflatoxins are Bj, By, G1 and G,, which naturally occur in
several food products, and M; and My, which are found in milk, dairy products, eggs, meat
and urine (Oliveira et al., 2000). The toxigenic potential of the aflatoxins is dependent on the
species exposed, dose, duration of intake, age and nutritional state (Marai and Asker, 2008),
and is directly associated with the rapid absorption by the gastrointestinal tract and immediate
binding to serum proteins, such as albumin (Santurio, 2000). AFB; is recognized as one of the
most potent known liver carcinogens, and causes genotoxic, immunotoxic and other adverse
effects in many animal species, including poultry (Kalpana et al., 2012).

Despite its high mutagenic and teratogenic potential, the constant daily intake of small
amounts of AFB; is responsible for the induction and modulation of diseases in humans and
animals (Lewis et al., 1999). AFB; mainly affects the cell-mediated immunity (Williams et
al., 2004), decreasing lymphocyte proliferation and cytokine production in experimental
animals (Abbés et al., 2010). Moreover, AFB; is able to induce reactive oxygen species
(ROS) generation, which may have a dual role, by acting as toxic bioproducts that alter the
cellular function and viability, and also as key participants in the cellular regulation and
signaling (Shen et al., 1996). The mode of carcinogenic action of AFB; requires metabolic
activation by cytochrome (CYP) P-450, which is primarily responsible for the activation of
AFB; to produce the ultimate carcinogen AFB;-8,9-epoxide (Marai and Asker, 2008), which
binds to DNA and RNA (Bbosa et al., 2013). DNA damage also occurs when ROS synthesis
exceeds the ability of antioxidant defenses to eliminate them (Bischoff and Ramaiah, 2007).

The chronic exposure of animals to AFB; results in significant losses in the avian
industry (Sur and Celik , 2003). Contamination by AFB; can negatively affect broiler
chickens in a variety of ways, including reduced fitness, altered immune function (Yunus et
al., 2011), decreased survival (Azzam and Gabal, 1998) and reduced humoral immune
response to vaccines (Gabal and Azzam, 1998). Based on this context, we used the MTT, the
PicoGreen fluorescence and the 2',7' dichlorofluorescein diacetate (DCFH-DA) assays to
investigate the effects of AFB; on lymphoid cells of broiler chickens cultivated in vitro.
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2. Materials and methods
2.1 Chemicals

AFB; (Ci17H1206), RPMI-1640 medium, Ficoll-Histopaque density®, HEPES (4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid), sodium bicarbonate, penicillin/streptomycin
solution, MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyltetrazolium bromide) and DCFH-
DA were purchased from Sigma Chemical Co. (St. Louis, MO, USA). Fetal calf serum was
obtained from Cultilab (Campinas, SP, BR) and Quant-iT™ PicoGreen® Reagent from

Invitrogen (Eugene, UK).
2.2 Animals

Broiler chickens (Gallus gallus domesticus) from 38 to 42 days of age and weighing 2-
2.5 kg were used in the experiments. The birds were obtained from a local slaughterhouse.
The animals were submitted to electronarcosis, followed by a bleeding operation that is
performed by sectioning the large vessels of the neck. All experimental procedures were
conducted according to Normative Instruction N° 3, January 17", 2000 (Regulation of
Technical Methods for the Humane Slaughter of Animals) (MAPA, 2000).

2.3 AFB;

AFB; (5 mg) was first dissolved in 99% ethanol (Mehrzad et al., 2011). Further
dilutions were made with RPMI 1640 complete medium containing 9.7 mM HEPES and 24
mM sodium bicarbonate, supplemented with 10% heat-inactivated fetal bovine serum and 2.5
IU penicillin/streptomycin. AFB; was added to the medium containing the isolated
lymphocytes at the final concentrations of 0.1, 1, 10 and 20 pg/ml with 0.5 % v/v of ethanol
in the culture cell. Vehicle control cells were prepared in the same manner as AFB; treated

samples, including the addition of the vehicle (0.5% ethanol), instead of AFB;,
2.4 Peripheral blood mononuclear cells preparation

Lymphocyte-rich mononuclear cells of broiler chickens were isolated from blood

collected with 7.2 mg dipotassium EDTA and separated on Ficoll-Histopaque density as
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described by Boyum (1968) and Nathanson (1982), with the exception that lymphocytes were
centrifuged at 1000 rpm for 5 min with culture medium to completely remove the platelets.
Next, the pellet was suspended in culture medium and stored in a culture flask in a 5% CO,
atmosphere at 39° C for 2 h to occur adhesion of monocytes to the surface of the bottle, which
can eventually be among the lymphocytes (non adherent). After incubation, cell suspensions
were transferred to centrifuge tubes and centrifuged at 1500 rpm for 10 min. The supernatants
were discarded, the dry pellets containing lymphocytes were suspended in 3 ml of culture
medium, and the cell viability was measured using trypan blue dye (1:2). This protocol was
performed within 2 h following blood collection.

Lymphocytes were suspended at a density of 0.7 x 10° cells/ml in RPMI 1640-
enriched culture complete medium. Cells were seeded in triplicate in 96-well tissue culture
plates under an atmosphere of 5% CO, at 39°C, and treated with increasing concentrations of
AFB; (0, 0.1, 1, 10 and 20 pg/ml). The density of the cells that were seeded was equivalent to
75% confluence.

2.5 MTT assay

Cytotoxicity was evaluated by the MTT reduction assay, which is based on the
cleavage of tetrazolium salts via the activity of mitochondrial succinate dehydrogenase in
metabolically active cells that yield a colored formazan product (Mosmann, 1983). Since the
conversion takes place in living cells, the amount of formazan produced directly corresponds
to the number of viable cells. Absorbance at 540 nm was measured by a microplate
spectrophotometer. This assay was performed after 24, 48 and 72 h of AFB; exposure. All
tests were performed in 96-well microplates in triplicate. The results were expressed as

optical density (ODsqp).

2.6 PicoGreen fluorescence assay

The PicoGreen fluorescence assay measures the presence of double-stranded (ds)DNA
fragmentation, which is an indicative of cytotoxicity (Swarup et al., 2011). This assay was
performed after 24, 48 and 72 h of exposure and followed the protocol supplied by the
manufacturer (Quant ItTM, Invitrogen). PicoGreen dye was diluted to 1:200 with TE buffer
(10 mM Tris—HCI, 1 mM EDTA, pH 7.5) and incubated with each supernatant sample in the

dark at room temperature in black 96-well microplates for 5 min. All fluorescence
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measurements were recorded with a fluorimeter. Fluorescence emissions of PicoGreen alone
(blank) and PicoGreen with supernatant were recorded at 520 nm using an excitation
wavelength of 480 nm at 25°C. A standard curve was generated using the lambda DNA
standard provided by the manufacturer. All calibration samples were assayed in quintuplicate.
Baseline fluorescence was determined with a TE blank, the average of which was subtracted
from the average fluorescence of the other samples. The results were expressed as

fluorescence (nm).

2.7 Determination of intracellular ROS formation

Intracellular ROS concentrations were detected using the fluorescence probe DCFH-
DA, which is a well-established compound that is used to detect and quantify free radicals,
mainly intracellular hydrogen peroxide (H,O,;). DCFH-DA is transported across the cell
membrane and deacetylated by cytosolic esterases to form the non-fluorescent DCFH, which
is trapped within the cells. DCFH is converted to fluorescent DCF through the action of
peroxide rated by the presence of peroxidase (Halliwell and Whiteman, 2004; LeBel et al.,
1992).

After each time point of exposure (24, 48 and 72 h), the cells were treated with DCFH-
DA (10 uM) for 60 min at 37°C. Fluorescence was measured at an excitation of 488 nm and
an emission of 525 nm. All tests were performed in 96-well microplates, in quintuplicate for
each of the samples that were tested, and the results were expressed as fluorescence intensity

(nm).

2.8 Statistical analysis

The data were normally distributed. Therefore, the data within each time point were
submitted to one-way analysis of variance (ANOVA) followed by Dunnett's post hoc test.
ANOVA followed by Tukey’s test was used to calculate overall time effects. The results with
p < 0.05 were considered significant. The data were pooled from three independent

experiments, and the results were expressed as the mean and standard deviation.
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3. Results

3.1 MTT assay

The lymphocyte viability of broiler chickens was assessed in the presence of AFB;
using the MTT assay at 24, 48 and 72 h (Table 1). Compared with the control (0O pg/ml), this
mycotoxin induced a significant decrease in cell viability at the concentration of 10 pug/ml (p
< 0.05) at 48 h, and at the concentrations of 10 and 20 pug/ml (p < 0.001) at 72 h of incubation.

3.2 PicoGreen fluorescent assay

The effects of AFB; on free dsDNA in lymphocytes of broiler chickens were
evaluated using the PicoGreen fluorescent assay (Fig. 1). An increase in dsDNA
fragmentation was observed at the AFB; concentrations of 1, 10 and 20 pg/ml at 24 h (p <
0.001). No significant differences from the control group (0 pg/ml) were observed at 48 and
72 h.

3.3 DCFH-DA assay

Intracellular formation of ROS was examined using a fluorescence sensitive probe,
through the DCFH-DA assay. When compared with the control (0 pg/ml), an increase in ROS
concentrations was observed at 24 h of exposure to AFB; at the concentrations of 0.1, 1, 10
and 20 pg/ml (p < 0.001) (Fig. 2). At 48 and 72 h, the formation of ROS in cultures of broiler

chicken lymphocytes tended to stabilize.

4. Discussion

The immune function is a complex process that comprises different elements of the
immune system that must work together to elicit an effective immune response. Therefore, the
ideal assessment of immune function requires a suite of tests that measure several different
components. Studies have revealed that the immune system of birds is sensitive to
environmental contaminants that can cause immunotoxicity (Yunus et al., 2011). With the

purpose of better understanding the mycotoxin immunotoxicity in birds, we evaluated the in
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vitro cytotoxicity of a wide range of AFB; concentrations on peripheral lymphocytes of
broiler chickens at different time points.

Firstly, we investigated the role of AFB; on lymphocyte viability by measuring the
dehydrogenase enzyme activity. MTT assay is dependent on respiratory chain activity
(Mosmann, 1983), which is responsible for energy production in the form of ATP and is
necessary to maintain system organization and cellular functions. Our results with the MTT
assay showed a strong correlation with the concentration and time of exposure to mycotoxin.
The AFB; caused a significant reduction in the lymphocyte mitochondrial activity at 48 h and
72 h of incubation at the higher concentrations tested possibly by mitochondrial dysfunction
(Bbosa et al., 2013). Corroborating this study, Taranu et al. (2010) performed experiments
with human and porcine lymphocytes and also found a considerable decrease in cellular
proliferation of lymphocytes at doses 1 and 10 pg/ml of AFB;. Contradictory results were
reported by Bernabucci et al. (2011), who found increased viability of bovine lymphocytes in
the presence of 20 pg/ml of AFB; at days 2 and 7 of incubation.

According to Fairbrother et al. (2004), a reduced lymphoid cell count may suggest
decreased immunological defense functions associated with those cells. On the other hand,
circulating white blood cell counts can increase in response to infections, even in the presence
of immunosupression. This possibility represents a limitation of the MTT assay such that
when bioactive compounds, such as AFB;, are analyzed, cellular metabolism can be altered.
Moreover the detection of cell-free DNA has emerged as an attractive tool in the early
prognosis of several diseases. For this reason, we conducted the PicoGreen fluorescent assay
to measure cell-free DNA circulating in cell supernatants, which would represent the extent of
damage to cells.

We observed a dose-dependent increase in the dsSDNA at 24 h of incubation. Our study
is in agreement with studies of Guengerich et al. (1998), who reported that the highly reactive
AFB;-ex0-8,9-epoxide is able to form adducts with DNA, which is directly proportional to
the dose of AFB; (Choy, 1993). DNA release is able to either stimulate or inhibit immune cell
activation, depending on concentration, sequence and context (Scaffidi et al., 2002).
Moreover, viable cells produce only limited amounts of extracellular DNA and necrotic cells
produce little or none, while apoptotic cell death can be a significant source of extracellular
DNA (Choi et al., 2004). Considering the cell culture as a closed system, we hypothesized
that apoptotic cell death was the source of dSDNA at 24 h, whereas immunostimulation can be
related to interference with regulatory mechanisms that induce direct and indirect

consequences on proliferation and differentiation of lymphocytes, as observed at 24 and 48 h
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(MTT assay). Corroborate our findings of DNA damage the studies of Awad et al. (2012),
who demonstrated that diets contaminated with the mycotoxin deoxynivalenol at moderated
levels, in combination with low-protein feed, are able to induce lymphocyte DNA damage in
chickens. Furthermore, Frankic et al. (2006) also demonstrated DNA fragmentation in
chicken splenocytes treated with T-2 toxin and deoxynivalenol.

In the present study, ROS levels were enhanced in AFB;-treated lymphocytes of
broiler chickens at 24 h of exposure at all the evaluated concentrations. Mycotoxin interaction
in the oxidative stress induction was shown to be an early effect, which might be related to the
immunotoxicity of AFB;. AFB; requires metabolic activation by CYP-450 to exert its
cytotoxic and carcinogenic effects (Bbosa et al., 2013). The CYP-450 activity itself is
associated with electron leakage, being also one of the important sources of intracellular ROS
generation (Shen et al., 1996). Therefore, when the AFB; is bioactivated by this enzymatic
complex, it is expected that such process increases the ROS production. Bischoff and
Ramaiah (2007) described that the reactive species generated result in lipid peroxidation of
membranes and oxidative modification of proteins and DNA in lesions. Increased ROS levels
were also reported by Kouadio et al. (2005) in intestinal cell line Caco-2 human following
exposure to the mycotoxins fumonisin B, (FB1), deoxynevalenol and zearalenone, and in rat
spleen mononuclear cells treated with AFB; and FB;.

In conclusion, the results of this study evidenced that AFB; effects on broiler chicken
immune system can be cytotoxic, depending on time and dose of exposure. However, it was
demonstrated that AFB; is able to affect the oxidative status of broiler chicken lymphocytes,
by increasing ROS levels, and to cause biomolecular oxidative damage, evidenced by the
PicoGreen assay. This research contributes to an expanded use of immune function as a
biological marker for contaminant effects in avian species, since immune cells such as

lymphocytes can be important mediators of immunotoxic responses.
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Figure 1
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Fig. 1 Free dsDNA quantification. Lymphocytes of broiler chickens were exposed to
increasing concentrations of AFB; at 24, 48 and 72 h and dsDNA levels were measured by the
PicoGreen assay. Data are means * standard deviations. ***p < 0.001 compared to the control
group (0 pg/ml AFB;) at each time point. Letters indicate significant differences among time
points for the group without AFB; (p < 0.05).
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Figure 2

W 24h @l 48h @l /2h

40000+ NS NS

Fluorescence

ON NP O N NQR  ON N QD

AFB, concentration (ng/ml)

Fig. 2 Intracellular formation of ROS measured by the DCFH-DA assay. Lymphocytes of
broiler chicken were exposed to increasing concentrations of AFB; and the fluorescence
intensity was monitored at 24, 48 and 72 h of incubation. Data are means + standard
deviations. ***p < 0.001 compared to the control group (0O pg/ml AFB;) at each time point.
Letters indicate significant differences among time points for the group without AFB; (p <
0.01).
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Table 1

Table 1. Cell viability of broiler chicken lymphocytes incubated for 24, 48 and 72 h at
increasing concentrations of AFB;. Data are expressed as means * standard deviations of the
optical densities recorded at 540 nm.

AFB; concentration (ng/ml)

Time
0 0.1 1 10 20
Oh 0.512 £ 0.02 0.514 £ 0.01 0.511 +0.02 0.509 £ 0.03 0.507 £ 0.03
24 h 0.514 £ 0.01 0.500 £ 0.01 0.520 £ 0.01 0.509 £ 0.03 0.507 £ 0.01
48 h 0.761 £ 0.02 0.768 £ 0.03 0.748 £ 0.02 0.721 £ 0.03* 0.785 £ 0.02
72 h 0.760 £ 0.01 0.776 £ 0.01 0.782 £ 0.02 0.696 + 0.04*** 0.705 = 0.01**
Time effect p<0.001 p <0.001 p <0.001 p <0.001 p <0.001

*p < 0.05, **p < 0.01; ***p < 0.001, compared to control group (0 pg/ml AFB;) within the
time of exposure.
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Abstract

The polysaccharide B-glucan presents beneficial effects on the immune system,
although the mechanisms of the immunomodulatory effect remain poorly understood. To
contribute to the elucidation of the potential genoprotective effect of B-glucans, we exposed
broiler chicken lymphocytes to increasing concentrations of aflatoxin B; (AFB;) and/or f-
glucans. AFB; significantly decreased cell viability at the concentrations of 10 and 20 pg/ml
at 72 h of incubation (p < 0.01 and p < 0.001, respectively). Moreover, the AFB;
concentrations of 1, 10 and 20 pg/ml increased DNA fragmentation levels at 24 h (p < 0.001).
Conversely, lymphocyte death was prevented by B-glucans at the concentrations of 1 and
10%, indicating a cytoprotective effect (p < 0.001). Reactive oxygen species levels were
increased in the cells treated with AFB; (p < 0.001) and 10% B-glucans at 24, 48 and 72 h of
incubation (p < 0.001). B-glucans at 10% in combination with AFB; potentiated the toxic
effect of mycotoxins. DNA damage increased approximately 2.3 fold in AFB;-treated
lymphocytes when compared to control group. B-glucans at 1% was able to fully revert the
AFB;-induced lymphocyte DNA damage, indicating a genoprotective effect and maintaining
DNA integrity. In conclusion, B-glucans showed in vitro dose-dependent genoprotective
effect in broiler chicken lymphocytes exposed to AFB;.

Keywords: B-glucan, aflatoxin B;, genotoxicity, citotoxicity, oxidative stress.
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1. Introduction

Mycotoxins such as aflatoxin B; (AFB;) produced by Aspergillus flavus, A.
parasiticus and A. nomius are commonly found in grains and other foods and feedstuffs,
causing health damage and economic losses [1,2]. AFB; is responsible to losses in animal
productivity, especially in broiler chickens [3], causing fatty liver and kidney disorders, leg
and bone problems, alterations in pigmentation (carcasses, egg yolk), reduced hatchability,
smaller eggs and immunity dysfunctions that lead to vaccine failure and lower resistance to
diseases [4].

Chronic exposure to AFB; is highly mutagenic and associated with human
hepatocellular carcinoma [3]. This risk is related to AFB; metabolization by cytochrome
(CYP) P-450 enzymes that generates toxic metabolites such as AFB;-8,9-exo-epoxide [5], a
genotoxic hepatocarcinogen that presumptively causes cancer by inducing DNA adducts,
leading to genetic changes in the target cells and oxidative damage [2,6].

Growth-promoting antibiotics, commonly used in poultry production, have been
replaced by prebiotic or probiotic agents because of the European ban on the use of antibiotics
in animal feed. Therefore, there has been an urge to the development of alternative methods to
promote animal health [7,8]. Studies have demonstrated that dietary immunomodulators such
as P-glucans show beneficial results in a wide variety of animal species [9,10]. The
immunostimulant and immunomodulatory effects of B-glucan polysaccharides result in the
regeneration of the host’s ability to resist life-threatening opportunistic infections [8]. The
immunomodulatory process initiates when the B-glucan binds to cell surface receptors of
macrophages, lymphocytes and neutrophils [10,11]. B-glucan activates B-lymphocytes and
macrophages through dectin-1, CR3, lactosylceramide, scavenger receptors and Toll-like
receptors [12,13], modulating the immune system and inducing the production of cytokines
[14]. In broilers, B-glucan has been shown to be an excellent adjuvant for the avian influenza
H5 subtype vaccine, enhancing the vaccine immunogenicity [12].

Therefore, the present study was designed to examine the in vitro cyto- genoprotective
of B-glucans effects on broiler chicken lymphocytes exposed to different concentrations of
AFB;.

2. Materials and methods

2.1. Chemicals
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AFB; (C17H1,06), RPM 1640 medium, Ficoll-Histopaque density®, HEPES (4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid), sodium bicarbonate, penicillin/streptomycin
solution, MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyltetrazolium bromide), DCFH-DA
(2',7" dichlorofluorescein diacetate) and [-glucana (25 mg) were purchased from Sigma
Chemical Co. (St. Louis, MO, USA). Fetal calf serum was obtained from Cultilab (Campinas,
SP, BR) and Quant-iT™ PicoGreen® Reagent from Invitrogen (Eugene, UK).

2.2. Broiler chicken lymphocyte culture

Lymphocytes were obtained from adult broiler chicken (38-42 days, 2-2.5kg) from a
local slaughterhouse. All experimental procedures were conducted according to Normative
Instruction N° 3, January 17", 2000 (Regulation of Technical Methods for the Humane
Slaughter of Animals) [15]. The animals were submitted to electronarcosis, followed by a
bleeding operation that is performed by sectioning the large vessels of the neck. The blood
was collected in sterile culture tubes containing dipotassium EDTA as anticoagulant.

Broiler chicken lymphocyte culture was performed as described by Nathanson [16],
with some modifications. Blood mononuclear cells were isolated from samples using Ficoll-
Histopaque density [17]. These cells were centrifuged at 1000 rpm for 5 min with culture
medium to completely remove the platelets. Next, the pellet was suspended in culture medium
and stored in a culture flask in a 5% CO, atmosphere at 39°C for 2 h to occur adhesion of
monocytes to the surface of the bottle, which can eventually be among the lymphocytes (non-
adherent). After incubation, cell suspensions were transferred to centrifuge tubes and
centrifuged at 1500 rpm for 10 minutes. The pellets containing lymphocytes were suspended
in 3 ml of culture medium, and the cell viability was measured using trypan blue dye (1:2).
Lymphocytes were suspended at a density of 0.7 x 10° cells/ml in RPMI 1640-enriched
culture complete medium. Cells were seeded in triplicate in 96-well tissue culture plates under
an atmosphere of 5% CO, at 39°C.

2.3. AFB; and B-glucan treatment conditions
AFB; (5 mg) was dissolved in 99% ethanol and B-glucans (25 mg) was dissolved in

saline 0.9% and subjected to sonic energy via a 19-mm probe using a 300-V/T Sonic

Dismembrator for 30 minutes, alternating with water bath at 80°C for 10 minutes [18,19].
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Further dilutions were made in RPMI 1640 medium containing 9.7 mM HEPES and 24 mM
sodium bicarbonate and supplemented with 10% heat-inactivated fetal bovine serum and 2.5
IU penicillin/streptomycin. AFB; was added to the medium containing the isolated
lymphocytes at the final concentrations of 0.1, 1, 10 and 20 pg/ml with 0.5 % v/v of ethanol
in the culture cell. B-glucan was added to the medium at the concentrations of 0.1, 1 and 10%
v/v. The lymphocyte samples were exposed to the concentrations of AFB; and/or of (-
glucans. The density of the cells that were seeded was equivalent to 75% confluence. Control
group cells were prepared in the same manner as treated samples, including the addition of the
vehicle (0.5% ethanol) but in absence of AFB; and B-glucans.

Of note, the potential beneficial effects of f-glucans on broiler chicken lymphocytes
were evaluated by the MTT, PicoGreen, DCFH-DA and Comet assays using the highest AFB;

concentration (20 pg/ml).

2.4. MTT viability assay

The MTT bioassay was performed to monitor cell viability and to analyze the
functional and proliferative characteristics of lymphocytes. The MTT assay is based on the
cleavage of tetrazolium salts via the activity of mitochondrial succinate dehydrogenase in
metabolically active cells that yield a colored formazan product [20]. Since the conversion
takes place in living cells, the amount of formazan produced directly corresponds to the
number of viable cells. Absorbance at 540 nm was measured by a microplate
spectrophotometer. The cytotoxic effect of AFB; was evaluated after 24, 48 and 72 h of
incubation, and the protective effect of the B-glucan concentrations of 0.1, 1 and 10% was
evaluated in lymphocytes exposed to the highest AFB; concentration (20 pug/ml) at 72 h. This
assay was performed in 96-well microplates, in triplicate. The results were expressed as the
percentage of the absorbance values of control group (0 pg/ml AFB; and 0 % B-glucans) to
absorbance of treated groups.

2.5. Double-stranded DNA (dsDNA) levels cytotoxicity assay

The PicoGreen fluorescence assay measures the presence of dsDNA fragmentation,
which is also an indicative of cytotoxicity [21]. This assay was performed only after 24 h of
exposure and followed the protocol supplied by the manufacturer (Quant ItTM, Invitrogen).
PicoGreen dye was diluted to 1:200 with TE buffer (10 mM Tris—HCI, 1 mM EDTA, pH 7.5)
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and incubated with each supernatant sample in black 96-well microplates in the dark at room
temperature for 5 minutes. All fluorescence measurements were recorded with a fluorimeter.
Fluorescence emissions of PicoGreen alone (blank) and PicoGreen with supernatant were
recorded at 520 nm using an excitation wavelength of 480 nm at 25°C. A standard curve was
generated using the lambda DNA standard provided by the manufacturer. All calibration
samples were assayed in quintuplicate. Baseline fluorescence was determined with a TE
blank, the average of which was subtracted from the average fluorescence of the other
samples. The results were expressed as % of control fluorescence using the following

equation: % of control = [(sample fluorescence x 100)/ mean of control sample fluorescence].

2.6. Determination of intracellular reactive oxygen species (ROS) using 2',7'

dichlorofluorescein diacetate

The effects of AFB; exposition with and without B-glucan supplementation on ROS
levels of broiler chicken lymphocytes cultures were determined using the non-fluorescent cell
permeating compound DCFH-DA. In this technique, the DCFH-DA is hydrolyzed by
intracellular esterases to DCFH, which is trapped within the cell. This non-fluorescent
molecule is then oxidized to fluorescent dichlorofluorescein (DCF) by cellular oxidants. After
each time point of exposure (24, 48 and 72 h), the cells were treated with DCFDA (10 uM)
for 60 minutes at 37°C. The fluorescence was measured at an excitation of 488 nm and an
emission of 525 nm (SpectraMax M2/M2e Multi-mode Plate Reader, Molecular Devices
Corporation, Sunnyvale, CA, USA). All tests were performed in triplicate for each of the
samples tested [22].

2.5. DNA comet alkaline assay

The comet assay was used to test the genoprotective effect of P-glucans
supplementation on broiler chicken lymphocytes exposed to different AFB; concentrations at
72 h incubation. The assay was performed as described by Singh et al. [23]. Briefly, 100 cells
(50 cells from each of the two replicate slides) were selected and analyzed. Cells were
visually scored according to tail length and received scores from O (no migration) to 4
(maximal migration). Therefore, the damage index for cells ranged from 0 (all cells with no
migration) to 400 (all cells with maximal migration). The slides were analyzed under blind

conditions by at least two different researchers.
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2.6. Statistical analysis

The data were normally distributed. Therefore, differences among groups were
analyzed by one-way analysis of variance (ANOVA) followed by the Dunnett's post hoc test.
The results with p < 0.05 were considered significant. The data were pooled from three
independent experiments, and the results were expressed as the mean and standard error of the

mean.

3. Results

3.1. Effects of AFB; and B-glucan on cell viability

Initially, the cytotoxic effect of different AFB; concentrations on broiler chicken
lymphocytes at 24, 48 and 72 h of exposition was evaluated by the MTT assay. AFB;
decreased lymphocyte viability (p < 0.001) at 10 and 20 pug/ml at 72 h of exposition (Fig. 1A).
Conversely, the percentage of viable lymphocytes significantly increased when the
concentrations of 0.1, 1 and 10% of B-glucans were added to the culture medium. A similar
result was obtained when 1 and 10% B-glucans were added to lymphocytes exposed to 20
png/mL AFB;, whereas the percentage of viable cells was similar to the control group in the
concentration of 0.1% (Fig. 1B).

The second analysis was performed to evaluate the lymphocyte DNA damage caused
by in vitro exposure to increasing concentrations of AFB; and the potential cytoprotective
effect of B-glucans at 24 h of incubation. The AFB; concentrations of 1, 10 and 20 pg/ml
increased dsDNA levels when compared to the control (Fig. 2A), which indicated augmented
cellular mortality (p < 0.001). However, decreased dsDNA concentrations in the culture
medium supernatant were observed in cells treated with B-glucans (p < 0.001). Moreover, the
concentrations of 1 and 10% of B-glucans were able to attenuate the DNA damage caused by
20 pg/mL of AFB; (p < 0.05) (Fig. 2B), highlighting the cytoprotective effect of B-glucans.

3.2. Intracellular ROS formation
The ability of AFB; and B-glucan to affect the oxidative metabolism of broiler chicken

lymphocytes was evaluated by the DCFH-DA assay. Table 1 shows that ROS levels were
positively or negatively influenced by different AFB; and B-glucans concentrations when
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compared to the control group. At 24 h of incubation, ROS levels were significantly increased
in the presence of 20 pg/mL of AFB; and significantly decreased in the presence of 0.1 and
1% pB-glucans. No differences from the control group were observed at 48 and 72 h of
incubation for these groups. Nonetheless, the concentration of 10% of B-glucans increased
ROS levels at all time points evaluated (p < 0.05), especially in AFB;-treated lymphocytes (p
< 0.01). Therefore, the concentrations of 20 pg/ml of AFB; and of 10% of B-glucan had an

additive effect on ROS formation in broiler chicken lymphocytes.

3.3. DNA damage

The genoprotective effect of B-glucans treatment in broiler chicken lymphocytes
exposed to 20 pug/ml of AFB; was also evaluated. Fig. 3 shows a representative picture of the
DNA tail damage observed in our study. After 72 h of incubation, DNA damage increased
approximately 2.3 fold in AFB;-treated lymphocytes when compared to the control group
(Fig. 4). A slight increase in lymphocyte DNA damage was observed in the lowest B-glucan
concentration (0.1%) with or without AFB1, when compared to control group. DNA damage
levels in lymphocytes treated with 1% of B-glucans were statistically similar to the observed
in the control group, showing genoprotection. When 10% B-glucan was used, the levels were
decreased in the absence of AFB; (p < 0.001) and increased in the presence of AFB; in

relation to the control group (p < 0.05).

4. Discussion

The present study described the cyto-genoprotective effects of B-glucans against AFB;
toxicity in vitro in broiler chicken lymphocytes. AFB; is a recognized molecule that causes
high genotoxicity and increases the risk of chronic diseases such as cancer in humans and
animals because of its potent mutagen and carcinogen properties [24]. The MTT assay
demonstrated cytotoxic effect at the highest AFB; concentrations in broiler chicken
lymphocytes, evidenced by decreased cell viability from 48 and 72 h of incubation onwards.
However, release of cell-free DNA into the medium was already observed at 24 h of
incubation. Our study corroborates findings by Singh et al. [25], who demonstrated that AFB;
has cytotoxic effects on the growth of H4IIE cells in rats and induces the formation of
micronuclei (cytogenetic assay) in a concentration-dependent manner. Miranda et al. [26] also

found DNA damage caused by AFB; in guinea pig lymphocytes, whereas Galli-Bennour et al.
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[27] showed a significant reduction in cell viability and an increase in DNA fragmentation in
Vero cell line.

ROS levels increased when 20 pg/ml of AFB; was added to culture medium
containing broiler chicken lymphocytes at 24 h of incubation. Mary et al. [2] found
involvement of ROS in AFB;-induced cell damage in mononuclear cells from rat spleen. The
toxicity of AFB; may involve the generation of intracellular ROS during the
biotransformation by CYP-450 [28]. Indeed, the comet assay showed that AFB; is genotoxic
in broiler chicken lymphocytes in vitro. DNA adducts disrupt the normal working process of
the cell leading to a loss of control over cellular growth and division [6].

Due to the potential damage that AFB; can cause to DNA, which can lead to
pathologies, antigenotoxic strategies could be used to prevent or attenuate the deleterious
effects of AFB;. Therefore, considering that a functional immune system is a requirement of a
healthy life in modern animal production systems, the interaction involving nutrition and
immunity is a strategic factor to obtain a high quality performance in the poultry industry
[8,9]. In this context, we evaluated the influence of B-glucans, from Saccharomyces
cerevisiae, on cell culture of broiler chicken lymphocytes. All concentrations of B-glucans
stimulated cell proliferation and did not induce dsDNA release in the absence of AFB;. When
lymphocytes were challenged with 20 pg/ml of AFB;, the concentrations of 1 and 10% of -
glucans showed cytoprotective effect by decreasing AFB;-induced dsDNA release in the
culture medium. The cytoprotection can be a consequence of the action of B-glucans in the
cell cycle, assisting in repair or blocking mutations. Corroborating this study, Slamenova et
al. [29] reported protective effects of B-glucans against oxidative DNA lesions in V79 hamster
lung cells.

AFB; is commonly associated to oxidative damage and numerous compounds and
extracts have been reported to reduce the oxidative stress induced by this molecule [30,31].
Evidences have shown that B-glucans exert a positive influence on repair, metabolism and
detoxification cellular processes [32]. Nonetheless, the immunomodulatory mechanisms of f3-
glucans remain poorly understood [33]. In our study, the highest B-glucans concentration
(10%) showed pro-oxidant effects, mainly when combined with AFB;. The increase in ROS
formation caused by the highest B-glucans concentration alone and the potentiating effect
observed with the highest AFB; concentration should be further evaluated, mainly because
only one oxidative parameter (release of free H,O, into the medium) was analyzed in our
study. Moreover, Yang and Marshall [34] showed that murine mast cells cultured with

zymosan, which is rich in B-glucan, generate intracellular ROS in response to zymosan
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activation of dectin-1 receptors. This leads us to suggest that B-glucans-induced ROS
formation is in response to lymphocyte activation in a time-, dose-dependent fashion.

Based on the AFB;-induced cytotoxicity response, the cells were subjected to the
comet assay, which determines the extent of DNA damage by measuring the tail moment. The
assay showed that -glucans at 1% can improve lymphocyte DNA damage and it was able to
fully revert the AFB;-induced genotoxicity in lymphocytes. The protective effect was
attributed to the B-glucan adsorbent capacity, particularly due to a chemical interaction with
AFB;, as well as by virtue of interacting with DNA repair pathways. By performing studies
using probiotics in mice, Madrigal-Santillan et al. [35] showed a 70% reduction in the
frequency of micronuclei after six weeks of treatment with S. cerevisiae (0.3% suspension of
viable organisms). Nonetheless, whether the 0.1% concentration was insufficient to protect
the cells, B-glucans at 10% potentiated ROS formation and, consequently, increased DNA
damage in the presence of AFB;. Interestingly, B-glucans at 10% alone was genoprotective,
leading us to conclude that the genoprotective effect induced by B-glucan is not only dose-
dependent, but also dependent on the presence of xenobiotic compounds.

In conclusion, B-glucans presented in vitro cyto- and genoprotective effects on broiler
chicken lymphocytes exposed to AFB; Hence, $-glucan between concentrations of 1 and 10%
would be helpful to maintain DNA integrity. However, it is not yet known what are the
implications to the immune system of the intracellular ROS generation induced by the 10% f3-
glucan concentration, and further studies evaluating other oxidative stress biomarkers are
desired. Our study paved the way for in vivo trials using B-glucan supplementation in the diet

of broiler chickens.
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Fig. 1. Cell viability in broiler chicken lymphocytes culture. (A) The MTT assay measured
the percentage of mitochondrial lymphocytes activity after exposure to increasing
concentrations of AFB; at 24, 48 and 72 h of incubation. (B) Cultures containing increasing
concentrations of B-glucan (BG) and/or 20 pug/ml of AFB; were incubated for 4 h with MTT
after 72 h of incubation under an atmosphere of 5% CO, at 39°C. Values are expressed as
mean + SEM of three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001
compared to the control group (0% B-glucan and 0 pg/ml AFB,).
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Figure 2
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Fig. 2. Double-stranded DNA supernatant levels at 24 h in broiler chicken lymphocytes
culture. (A) Cells were exposed to increasing concentrations of AFB;. (B) Cultures containing
increasing concentrations of B-glucan (BG) and/or 20 pg/ml of AFB; were analyzed by the
PicoGreen assay. Values are expressed as mean + SEM of three independent experiments *p
< 0.05, ***p < 0.001 compared to the control group (0% BG and 0 pg/ml AFB,).
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Figure 3

Damage0 . Damage 1 | Damage 2

Damage3 Damage4 Apoptosis

Fig. 3. DNA Comet image of broiler chicken lymphocytes showing nucleus without damage,

and the nucleus with different damage levels.
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Figure 4
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Fig. 4. Effect of B-glucan on AFB;-induced broiler chicken lymphocyte DNA damage
measured by the tail moment. DNA damage of lymphocyte cultures containing increasing
concentrations of B-glucan (BG) and/or 20 pug/ml of AFB; was measured by the DNA Comet
Alkaline Assay at 72 h of incubation. Values are expressed as mean = SEM of three
independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001 compared to the control group
(0% BG and 0 pg/ml AFB;).



Table 1

64

Table 1. Effect of different B-glucan (BG) concentrations on reactive oxygen species (ROS)

levels of broiler chicken lymphocytes exposed to 20 pg/ml AFB;.

Treatments ROS levels (% of control)

24h 48h 72h

Mean = SD Mean + SD Mean + SD
Control 99.9+1.5 100 + 2.3 99.9+43
AFB;, 117.9+3.8™ 102.8 + 3.7 101.1+7.3
BG 0.1% 80.9+1.9 102.9+2.3 99.8+1.9
BG 1% 86.3+3.5 1049+ 7.0 105.9 + 3.5
BG 10% 118.0+7.97 115.1+7.27 1245+3.0°
AFB;+ BG0.1% 854+51" 106 + 3.2 107.2 £ 1.2
AFB; + BG 1% 120.7 54 102.6 £ 4.5 1041+ 1.5
AFB; +BG 10%  126.6+6.8" 1334+ 437 125.4+95"

The ROS levels were compared among treatments in each time by one-way ANOVA followed by the Dunnett
post hoc test. Different letters indicated significant differences at *** p < 0.001, **p < 0.01.
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DISCUSSAO

O funcionamento adequado do sistema imune depende de interacdes sinérgicas e
antagbnicas desempenhadas pelos alimentos ingeridos, que modulam as reacdes imunologicas
envolvendo processos infecciosos e 0 metabolismo (YUNUS et al., 2011). Doencas de origem
alimentar s&o muito comuns, principalmente em decorréncia de alimentos contaminados por
micotoxinas, que afetam de forma negativa a qualidade e seguranca alimentar (FRIEDMAN;
RASOOLY, 2013).

Estima-se que 25% das culturas alimentares mundiais, incluindo alimentos basicos,
sdo afetadas por fungos micotoxigénicos e cerca de um bilh&o de toneladas de alimentos por
ano sao perdidas por causa das micotoxinas (MORETTI et al., 2013). Detrimentos também
ocorrem na producdo animal de frangos de corte, sendo a AFB; a principal micotoxina
responsavel pelo prejuizo. A AFB; frequentemente é encontrada em grdos destinados a
fabricacdo de racdo para animais e geram desordens metabdlicas, que resultam em disfuncdes
imunologicas (HAMID et al., 2013). Entdo se torna uma emergéncia para a satde publica a
melhoria na qualidade e na seguranca dos alimentos para evitar eventos de intoxicacdo bem
como doencas severas (GROSS-STEINMEYER; EATON, 2012).

A utilizacdo de modelos in vitro é uma ferramenta util para o estudo de disfuncdes
metabdlicas e investigacdo da competéncia imune do hospedeiro, que pode ser avaliada
através de parametros como a producdo de anticorpos, proliferacdo de linfécitos e atividade
fagocitica (AKRAMIENE et al., 2007). Os linfocitos sdo células que podem ser eficazes para
medir a disfuncdo induzida quimicamente (FAIRBROTHER et al. 2004). Estas células
possuem fungbes complementares na manutencdo da homeostase dos tecidos e proporcionam
protecdo durante a resposta imune (RANKIN et al., 2013).

Notavelmente, a maioria dos estudos in vitro sobre aflatoxicoses, avaliam respostas
imunes em cultura de células de hepatocitos (SHEN et al 1996) e esplendcitos (WANG et al
2012). O presente estudo determinou a resposta linfoproliferativa de sangue periférico de
frangos de corte expostos a diversas concentracdes de AFB;. Os resultados demonstraram que
a AFB; diminui a viabilidade dos linfocitos de frangos de corte e estdo de acordo com estudos
in vivo relatados por Oguz e colaboradores (2003) em frangos e por Hinton e colaboradores
(2003) em ratos.

A resposta citotoxica se deve, principalmente, ao metabolito reativo, 8,9-epoxido de
AFB;, que apo6s ser biotransformado, pelo CYP-450 presente nos linfocitos, liga-se ao DNA

formando adutos e danificando o cddigo genético, que regula o crescimento celular
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(VERMEULEN et al.,, 2003). Quando a AFB; se liga ao DNA mitocondrial, impede a
producdo de ATP e FAD / NAD ligada a fungbes enziméticas, provocando a ruptura das
funcBes mitocondriais e consequentemente a reducdo de ATP, podendo levar a morte celular
(BBOSA et al., 2013). Essa evidéncia esta relacionada a liberacdo de EROS intracelular e de
fita dupla (ds) de DNA dos linfécitos em um curto periodo de tempo (24 h). A fluorescéncia
emitida para a quantificacdo do dsDNA apresenta relacdo positiva entre o nivel de danos
causados ao DNA, bem como, é proporcional a concentracdo exposta de AFB; (MIRANDA et
al., 2007). O envolvimento das EROS em lesdo celular induzida por AFB; também foi
confirmado em células mononucleares de baco (MARY et al., 2012).

Alteraces intracelulares decorrente da exposicdo a AFB; sdo produzidas na estrutura
do DNA, que também podem ser resultante indiretamente de danos oxidativos, gerados a
partir da peroxidacdo lipidica, bem como de oxidacdo das proteinas (MARY et al., 2012) e
favorecem a predisposicdo a malignidades (GROSS-STEINMEYER; EATON, 2012;
MATSUDA et al., 2013). A formacdo equilibrada de EROS tem um papel relevante na
sinalizacdo celular, pois mantem a homeostase celular adequada. Entretanto o excesso de
producdo de EROS pode interagir com componentes celulares, como a mitocondria e a
membrana celular, e afetar a integridade do DNA (BERLO et al., 2012), ocasionando
apoptose celular (KAO et al., 2011).

Jé alteracOes clinico-patolégicas em frangos de corte em decorréncia da exposicao a
AFB;, através de dietas, sdo evidenciadas no figado, rim, baco, timo e bursa de Fabricius e
foram relatadas por Kumar e colaboradores (2013) e Ortatatli e colaboradores (2013). Os dois
trabalhos relataram degeneracdo hidropica em hepatécitos, hiperplasia do ducto biliar e
necrose periportal e infiltracdo de células mononucleares e heteréfilos.

Um sistema imune funcional é um requisito basico na producdo moderna de animais.
A interacdo envolvendo nutricdo e imunidade é um fator estratégico para obter um bom
desempenho em frangos de corte, visando a modulacdo imunolégica via suplementacdo
dietética (CHAE et al., 2006; RIEDER et al., 2013). No entanto, o mecanismo pelo qual a
imunomodulacdo € obtida permanece desconhecido. Evidéncias cientificas revelam que
imunomoduladores dietéticos podem ser Uteis na prevencao e tratamento de doengas, como
também aumentando a imunocompeténcia e o desempenho dos animais destinados a
alimentacdo. Estudos demonstraram que as B-glucanas possuem atividade imunoestimulante
em humanos (CHAN et al., 2007), espécies de peixes, frangos, ratos, coelhos e porcos (CHAE
et al, 2006; GUO et al, 2003).
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Os resultados apresentados no presente estudo admitem que as concentracfes de f-
glucanas testadas, derivadas da parede de S. cerevisiae, sdo capazes de estimular a
proliferacdo de linfocitos e também de adsorver a AFB; quando avaliadas em ensaios de
citotoxicidade. Assim, as B-glucanas promovem imunomodulacdo e consequentemente
protegem os linfécitos, mantendo a longevidade celular. Recentemente, Pizzolitto e
colaboradores (2013) induziram aflatoxicose experimental em aves domésticas e apds,
trataram com S. cerevisiae CECT 1891. Os resultados apontaram que a levedura apresenta
efeito positivo sobre a protecdo do peso relativo do figado e parametros bioguimicos,
reduzindo os efeitos adversos da AFB; sobre os pardametros de desempenho do crescimento.

A ligacdo AFB;-B-glucana ocorre através de pontes de hidrogénio e principalmente
interacdes de van der Waals, as quais mantém a micotoxina presa no interior da hélice da [3-
glucana (YIANNIKOURIS et al., 2006). Como as B-glucanas ndo penetram nas células, elas
se ligam aos linfocitos através de receptores celulares, especialmente dectina-1, iniciando a
resposta inmune (BROWN, 2005; YIANNIKOURIS et al., 2006). Apds ocorrer a ligacdo das
B-glucanas aos receptores, elas estimulam vias de sinalizacdo intracelular, que desencadeiam
a ativacdo, translocacdo nuclear e ligacdo de proteinas ativadoras da transcricdo e
imunoreguladores (KUBALA et al., 2003).

Chan e colaboradores (2007), corroborando com este estudo, relataram que a P-
glucana também induz proliferacdo de células mononucleares de sangue periférico humano.
Além disso, Suzuki e colaboradores (1990) relataram que a administragdo oral de -glucanas
em ratos estimulou a proliferacdo de células do baco. JA& Cho e colaboradores (2013)
avaliaram a influéncia das B-glucanas, na dieta, sobre o crescimento, perfil sanguineo, peso
relativo dos 6rgdos e a qualidade da carne em frangos, e sugeriram que a inclusdo de 0,1% de
B-glucanas melhoraria o desempenho do crescimento e da qualidade da carne dos frangos.
Resultados contraditorios foram mencionados por Hiss e Sauerwein (2003), os quais ndo
encontraram qualquer efeito sobre parametros imunoldgicos via suplementacdo com 0,03% de
B-glucanas em suinos.

A exposicdo cronica a AFB; desencadeia genotoxicidade, levando a danos oxidativos
biomoleculares, que nem sempre séo reparados, predispondo a doencas infecciosas, como
também ao hepatocarcinoma (HAMID et al., 2013). A deficiéncia nas vias de reparo do DNA
celular é, provavelmente, um importante fator de genotoxicidade induzido pela micotoxina.
Uma alternativa estratégica para prevenir ou reduzir a genotoxicidade, desencadeada pela

AFB;, pode ser através de substancias antigenotdxicas. Tais substancias interagem com o



68

DNA e podem agir blogqueando a mutacdo ou interagir com o mecanismo celular inibindo a
mutacdo (DE FLORA; FERGUSON, 2005).

Baseado na resposta citotdxica induzida pela AFB; nos linfécitos foi realizado o teste
do cometa para medir quebras de fita dupla e simples do DNA, em células individuais, que
biomonitora a genotoxicidade (GARCIA et al., 2004). Assim, quando analisados os linfocitos
expostos a AFB;, encontramos uma alta frequéncia de danos, os quais foram medidos a partir
do momento da cauda do cometa. Os linfocitos tratados com 0,1% de B-glucanas néo
mostraram protecdo nem reversdo dos danos. Ja em linfocitos que receberam além da
micotoxina as B-glucanas a 1% houve reverséo dos danos induzidos ao DNA. As -glucanas a
10% protegeram os linfécitos ndo expostos a AFB;, entretanto quando combinada com a
micotoxina o efeito téxico foi potencializado e induziram danos, caracterizando acéo
genotoxica. Esse mesmo fenbmeno ocorreu durante a producdo de EROS intracelular na
concentragdo de 10% de B-glucanas nos trés tempos analisados. Entdo o efeito induzido pelas
B-glucanas é dependente da dose, e também da combinacdo com o agente xenobidtico
envolvido.

Portanto, suspeita-se que 0s danos oxidativos podem estar envolvidos aos danos
induzidos no DNA e que EROS apresentam efeito duplo, ora protegendo e sinalizando vias de
reparo celular, ora potencializando a acdo genotoxica da AFB;. Como foi analisado apenas
um pardmetro de estresse oxidativo (DCFH-DA), seria relevante a avaliagdo de
biomarcadores oxidativos como as enzimas superoxido dismutase, catalase e glutationa
peroxidase para obter resultados mais consistentes. Sendo assim, consideramos que a
suplementagdo com PB-glucana a 1% é eficaz na neutralizacdo dos efeitos citdxicos e na

reversdo dos danos ao DNA induzidos pela AFB;, caracterizando genoprotecao.
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CONCLUSAO

A partir dos resultados obtidos no presente estudo, pode-se concluir que:

- A exposicdo dos linfocitos de frangos a AFB; causa citotoxicidade, a qual esta diretamente

relacionada a dose e ao tempo de exposicao.

- As B-glucanas estimulam a proliferacéo celular e protegem os linfécitos na auséncia da
AFB;, mantendo a integridade do DNA. B-glucanas a 1 e 10% sdo capazes também de
neutralizar o efeito citoxico da micotoxina sobre a proliferacdo celular. Entretanto, na

concentracdo de 10% houve aumento das EROS e do dano ao DNA.

- PB-glucanas a 1%, in vitro, foram capazes de reverter os danos induzidos pela AFB; em

todos os parametros analisados, apresentando genoprotecao em linfocitos de frangos de corte.
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