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SOUZA, Marielen. Efeito de Lactobacillus spp. em frangos de corte expostos ao
desoxinivalenol. 2020. 65 f. Dissertacdo (Ciéncia Animal) — Universidade Estadual de
Londrina, Londrina, 2020.

RESUMO

A avicultura contribui com importante parcela do produto interno bruto brasileiro, devido a
sua crescente eficiéncia, em que se destacam os avangos em genética, nutri¢do e sanidade. A
saude animal pode ser afetada pela ingestdo aguda ou cronica de micotoxinas, metabdlitos
produzidos por fungos, que contaminam 80% dos grdos mundialmente. Estratégias para
mitigar os danos induzidos por estes compostos, como a biotransformagdo, podem contribuir
com a producdo e sanidade avicola. O objetivo deste estudo foi avaliar o efeito da utilizagao
de um pool de Lactobacillus spp. em diferentes apresenta¢des sobre a satde de frangos de
corte alimentados com uma dieta contaminada por desoxinivalenol (DON) a uma
concentragdo de 19,3 mg kg™'. Para tanto frangos de corte (n 50) com um dia de vida (dv)
foram divididos em cinco tratamentos: controle, DON (19,3 mg kg'), Lactobacillus spp.
viavel + DON (LV+DON), Lactobacillus spp. inativado pelo calor + DON (LI+DON) e
Lactobacillus spp. sobrenadante de cultura + DON (LS+DON). A ingestdo da dicta
contaminada iniciou-se aos 7 dv. O pool de Lactobacillus spp. foi fornecido via gavagem a
partir do segundo dv. Aos 14 dv, os animais foram eutanasiados e fragmentos de duodeno,
jejuno, ileo, ceco, figado e rins foram colhidos para avaliagcao histomorfométrica. A resposta
ao estresse oxidativo foi avaliada por meio dos testes Thiobarbituric Acid Reactive
Substances (TBARS) e Nitro Blue Tetrazolium (NBT); e a resposta antioxidante por meio dos
testes reducing of 2,2'-azino-bis 3-ethylbenzothiazoline-6-sulphonic acid (ABTS), ferric
reducing ability (FRAP) ¢ reduced glutathione (GSH). A ingestdo de DON induziu lesdes
intestinais e hepaticas significativas em comparagdo com os demais tratamentos, enquanto
que os tratamentos com Lactobacillus spp. (TL) permaneceram semelhantes ao controle.
Redugdo na altura de vilosidades e aumento na profundidade de criptas intestinais foram
observadas no grupo DON em comparagdo ao controle. Todos os TL apresentaram
profundidade de cripta similar ao controle, e uma maior relacdo vilo:cripta no duodeno e
jejuno. No ileo apenas LV+DON melhorou a relacdo vilo:cripta. A ingestdo de dieta com
DON aumentou a contagem de células caliciformes no ileo, todos TL apresentaram uma
menor contagem em relagdo ao grupo DON. Exposi¢do ao DON aumentou a contagem de
linfocitos intraepiteliais no jejuno e ileo, entretanto LV+DON apresentou uma reducio
comparado aos demais tratamentos em ambos segmentos intestinais. DON elevou os niveis de
TBARS no jejuno, porém os tratamentos LV+DON e LI+DON permaneceram similar ao
grupo controle. Uma reducao nos niveis de GSH e ABTS foi observada no jejuno. No figado,
DON aumentou os niveis de NBT e reduziu os niveis de FRAP, os TL permaneceram
similares ao grupo controle. No rim, TBARS e NBT nao foram alterados por DON. Em geral,
a capacidade de resposta ao estresse oxidativo no rim se manteve semelhante entre os
tratamentos. O pool de Lactobacillus spp. utilizado foi capaz de melhorar a satide intestinal
apos a exposi¢do ao DON e reduzir o dano induzido pelo estresse oxidativo, principalmente
no jejuno e figado.

Palavras-chave: Saude intestinal. Probidtico. Micotoxinas. Detoxificagdo. Estresse oxidativo.



SOUZA, Marielen. Effect of Lactobacillus spp. on broilers chickens exposed to
deoxynivalenol. 2020. 65 p. Dissertation (Animal Science) — Universidade Estadual de
Londrina, Londrina, 2020.

ABSTRACT

The aviculture contributes to an important portion of Brazil’s gross domestic product due to
its increasing efficiency, which highlights advances in genetics, nutrition, and sanity. The
animal health can be affected by acute or chronic mycotoxins ingestion, which are metabolites
produced by fungi, that contaminates 80% of the grains worldwide. Strategies to mitigate the
damage induced by these compounds, such as biotransformation, can contribute to poultry
production and health. The aim of this study was to evaluate the effects of the utilization of a
Lactobacillus spp. pool in different presentations on the health of broilers fed a diet
contaminated by deoxynivalenol (DON) at a concentration of 19.3 mg kg™!. For this purpose
broilers (n 50) with one day of age (da) were divided into five treatments: control; DON (19,3
mg kg!); viable Lactobacillus spp. + DON (VL+DON); heat-inactivated Lactobacillus spp. +
DON (HIL+DON) and Lactobacillus spp. culture supernatant + DON (LCS+DON). The
intake of the contaminated diet began at 7 da. The pool of Lactobacillus spp. was provided via
oral gavage starting at the second da. At 14 da, the animals were euthanized and fragments of
duodenum, jejunum, ileum, caecum, liver, and kidneys were collected for the
histomorphometrical evaluation. The oxidative stress response was evaluated by the tests
Thiobarbituric Acid Reactive Substances (TBARS) and Nitro Blue Tetrazolium (NBT); and
the antioxidant response by the tests reducing of 2,2'-azino-bis 3-ethylbenzothiazoline-6-
sulphonic acid (ABTS), ferric reducing ability (FRAP) and reduced glutathione (GSH). The
ingestion of DON induced significativilly intestinal and liver lesions compared with the other
treatments, while the Lactobacillus spp. treatments (LT) kept similar to control. Reduction of
the villi height and an increase in the intestinal crypt depth were observed in the DON group
compared to control. All LT presented similar crypt depth to the control and a higher
villi:crypt ratio in the duodenum and jejunum. In the ileum, only VL+DON improved the
villi:crypt ratio. Ingestion of DON-contaminated diet induced an increase in goblet cells in the
ileum, all LT presented a lower count in relation to the DON group. DON exposure increased
intraepithelial lymphocyte count in the jejunum and ileum, however, VL+DON decreased
compared to other treatments in both intestinal segments. DON raised the levels of TBARS in
the jejunum, but the treatments LV+DON and HIL+DON remained similar to the control
group. A reduction in GSH and ABTS levels was observed in the jejunum. In liver, DON
increased NBT levels and reduced the FRAP levels the LT kept similar to the control group.
In the kidney, TBARS and NBT were not altered by DON. In general, the oxidative stress
response in the kidney remained similar among the treatments. The pool of Lactobacillus spp.
used was able to improve intestinal health after DON exposure and reduce the damage
induced by oxidative stress, especially in the jejunum and liver.

Key words: Intestinal health. Probiotic. Mycotoxins. Detoxification. Oxidative stress.
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1. INTRODUCAO

O agronegdcio ¢ um dos pilares da economia brasileira ¢ em 2018 representou
21,1% do Produto interno bruto (PIB) (CEPEA/USP, 2018). O setor avicola
corresponde a 1,5% do PIB, gerando aproximadamente 3,6 milhdes de empregos diretos
e indiretos, sendo a principal atividade econdmica em muitos municipios do interior do
pais, especialmente nas regides Sul e Sudeste (ABPA, 2019).

Em 2018, o pais produziu 13,05 milhdes de toneladas de carne de frango, sendo
que, aproximadamente, 66,9% da produgdo foi destinada ao mercado interno e 33,1% a
exportagdo. No contexto dos estados, o Parana ¢ destaque nacional, sendo responsavel
por 34,32% dos abates ¢ 37,20% da carne de frango exportada (ABPA, 2017).

A carne ¢ a principal fonte de proteina presente na dieta humana, sua demanda
esta diretamente relacionada com o crescimento da populagdo e aumento da renda per
capita. No Brasil, em 2017, o consumo per capita de carne de frango foi de 42,07 kg
(ABPA, 2017). Na proxima década, estima-se um crescimento de 1,9% ao ano na renda
dos latino-americanos, sendo esperado um aumento de 15% no consumo de carne de
frango. Estima-se que em 2028 o consumo per capita na América Latina sera de 34,2 kg
de carne de frango, correspondendo a 42,1% do total de carne consumida (OECD/FAO,
2019).

Nao ha davidas de que a avicultura ¢ uma atividade de extrema relevancia
socioeconomica. O setor ¢ altamente tecnificado, gragas aos avangos em ambiéncia,
manejo, nutricdo e melhoramento genético. Em 48 anos, a performance dos animais que
era de 0,31 kg em 28 dias passou para 1,4 kg no mesmo periodo (ZUIDHOF et al.,
2014).

Entretanto, os problemas sanitarios continuam sendo um grande desafio ao setor.
Neste contexto, as micotoxinas, que sdo metabolitos secundarios produzidos por fungos
filamentosos, t€ém grande relevancia, uma vez que sua ingestdo em dietas contaminadas
esta associada a uma reducdo no desempenho zootécnico, falhas wvacinais e
predisposicdo a doengas (ANDREATTA et al., 2011; ANTONISSEN et al., 2014;
BROOM, 2015; GRENIER et al., 2016; YUNNUS et al., 2012b).

A contaminag¢do de cereais por micotoxinas ¢ um problema mundial. Estima-se
que entre 60-80% das lavouras de graos estejam contaminadas por uma ou mais

micotoxinas (ESKOLA et al., 2019). Os cereais sao a base da alimentagdo humana e
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racdo dos animais, € a contaminacdo por fungos toxigénicos pode ocorrer em diferentes
etapas da cadeia produtiva (TAHEUR et al., 2019). O controle da contaminagdo por
micotoxinas na alimentagdo animal é um desafio para o sistema produtivo, pois esses
metabolitos de fungos sao resistentes ao tratamento térmico (BENKERROUM, 2016).

As perdas econOmicas relacionadas a contaminagdo por aflatoxinas (AFLA),
fumonisinas (FBs) e desoxinivalenol (DON) variam entre $ 418 milhdes a 1,66 bilhoes
com perdas de produtividade nas lavouras. Ja na produgdo animal, os custos estimados
sdo de $466 milhdes com a mitigacdo dos efeitos toxicos e $ 6 milhdes com perdas
economicas (MAGNOLI; POLONI; CAVAGLIERI, 2019).

Uma das micotoxinas mais frequentes na matéria prima da alimenta¢do animal é
desoxinivalenol (DON), produzida por fungos do género Fusarium spp. (CALORI-
DOMINGUES et al., 2007; STREIT et al., 2013). DON inibe a sintese proteica,
afetando principalmente células que apresentam elevada taxa de renovagdo, como as do
trato gastrintestinal e sistema imune (LEESON et al., 1995), o que resulta em maior
suscetibilidade a doencas (BONDY; PESTKA, 2000). O consumo de dietas
contaminadas com diferentes niveis de desoxinivalenol por frangos de corte causa
diminui¢do do ganho de peso diario, piora da conversdo alimentar e mortalidade
(ANDREATTA et al., 2011). Devido aos efeitos deletérios sobre a resposta imune e
integridade do epitélio intestinal, seu consumo tem sido relacionado a predisposi¢ao a
doencas como coccidiose, colibacilose, salmonelose e enterite necroética
(ANTONISSEN et al., 2014; BROOM, 2015; GRENIER et al., 2016).

Diferentes alternativas tém sido pesquisadas a fim de diminuir a contaminagdo
de dietas por micotoxinas ou mitigar seus efeitos toxicos, como selecdo dos grios,
irradia¢do, tratamento com produtos quimicos, utilizagdo de agentes adsorventes,
detoxificagdo enzimatica e/ou microbioldgica, porém a eliminacdo completa destes
metabdlitos raramente ¢ realizada (KARLOVSKY et al., 2016).

A utilizagao de Lactobacillus spp. ¢ uma possivel alternativa de agente
adsorvente ou detoxificante de DON, capaz de reduzir os seus efeitos toxicos na saude
animal (AWAD et al., 2006; FRANCO et al., 2011; YANG et al., 2017). No entanto,
estudos in vivo que avaliem o possivel efeito benéfico dos lactobacilos em reduzir a
toxicidade de DON em aves sdo escassos. Considerando que a principal forma de
exposicdo ¢ a ingestdo, ¢ necessario especial foco para os efeitos sobre o intestino.

Sendo assim, mais pesquisas devem ser realizadas a fim de se compreender melhor os
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1  efeitos toxicos de DON sobre a satde de frangos de corte e como a utilizagdo de
2 Lactobacillus spp. pode atuar na mitigagao dos seus danos.
3
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2. REFERENCIAL TEORICO

2.1 DESOXINIVALENOL (DON)

As micotoxinas sao metabdlitos secundarios de baixo peso molecular (100-700
g/mol) produzidas por fungos filamentosos (STROKA; GONCALVES, 2019), sendo
descritos mais de 500 tipos (BROOM, 2015). A contaminag@o por fungos toxigénicos
pode ocorrer em diferentes fases da producdo de graos, englobando fatores relacionados
ao cultivo, colheita, armazenamento e condigdes ambientais, que em decorréncia do
aquecimento global sdo cada vez mais favoraveis ao crescimento fingico, tornando a
contaminagdo por micotoxinas um problema crescente (RUSSEL; PATERSON; LIMA,
2009).

As micotoxinas de maior relevancia em todo mundo, para satide humana e
animal, sao AFLA (B1, Bz, Gi1, G2); T-2 toxinas; DON, zearalenona (ZEA), fumonisina
B1 (FB1) e ocratoxina A (OTA) (FAO, 2018). DON ¢ a micotoxina mais prevalente,
sendo produzida principalmente por Fusarium graminearum e F. culmorum, que
contaminam milho, trigo, cevada e aveia (BIOMIN, 2017; LEE; RYU, 2017,
RICHARD, 2000, STREIT et al., 2013). Os fatores determinantes para que os fungos
produzam micotoxinas ainda ndo estdo totalmente esclarecidos. Entretanto, no caso de
DON, sabe-se que sua produg¢do aumenta a patogenicidade dos fungos, causando a
doenca denominada giberela ou fusariose da espiga do trigo (STROKA; GONCALVES,
2019).

Estudo realizado por Rodrigues e Naehrer (2012) analisou 7.049 amostras de
milho, soja/farelo de soja, trigo, dried distillers grains with solubles (DDGS) e ragdes,
oriundas das Américas, Europa e Asia, entre 2009-2011. As frequéncias de
contaminag¢ao observadas foram: AFLA — 33%, ZEA - 45%, DON — 59%, FBs — 64% ¢
OTA - 28%. DON foi o principal contaminante encontrado no trigo de todas as regioes
estudadas. Na América do Sul, 53% das amostras estavam contaminadas em média com
0,947 mgkg™!, e o nivel maximo de contaminagio foi de 2,52 mg kg™

Nos estados do Parané e Rio Grande do Sul os niveis de contaminagao por DON
nas safras de 2006, 2007 e 2008 em trigo grao destinados a alimentacdo humana
variaram entre 0,089 a 1,59 mg kg, com uma contaminagdo média de 0,32 mg kg’

(SANTOS et al., 2011). Ja nas safras de 2008 e 2009, 66,4% das amostras de trigo
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paranaense foram positivas para DON ¢ a contaminagdo média foi de 1,89 mg kg
(SANTOS et al., 2013).

A contaminag¢do por multiplas micotoxinas ¢ outro problema frequentemente
observado. Streit et al. (2013) realizaram a detec¢ao de micotoxinas em 83 amostras de
ragdo ou em suas matérias primas oriundas de diversos paises (Hungria, Austria,
Dinamarca, Bélgica, Italia, Noruega, Russia, Reino Unido, Ucrania, Brasil, Canada,
Estados Unidos e Australia). Todas as amostras apresentaram contaminagdo multipla,
variando entre sete a 69 micotoxinas em uma mesma amostra. As fusariotoxinas foram
as mais prevalentes e DON apresentou 89% de frequéncia, com uma concentragdo
mediana de 0,122 mgkg™.

Os niveis maximos de DON recomendados na ragdo de frangos no Brasil variam
de acordo com a categoria, sendo 0,2 mg kg™ na fase inicial, 0,5 mgkg! no crescimento
e 1 mgkg! para frangos de corte na fase final, matrizes e poedeiras (LAMIC, 2018). No
entanto, no Brasil ndo ha uma legislagdo que regulamente os niveis de contaminagao por
micotoxinas nos produtos destinados ao consumo animal. Na Unido Europeia, por
exemplo, o nivel maximo recomendado na racio final de frangos de corte é de 5 mgkg'!

de racao (EC, 2006).

2.2 EFEITOS DE DESOXINIVALENOL NAS AVES

Em relacdo a suscetibilidade aos efeitos toxicos de DON, as aves sdo
consideradas uma das espécies mais tolerantes (MARESCA, 2013). Este fato ¢
justificado pelo baixo grau de absor¢do e distribuicdo sistémica desta micotoxina nos
tecidos, uma vez que a metabolizacdo ocorre principalmente no intestino e figado,
reduzindo a quantidade de DON presente na circulagdo sistémica. Além disso, a
interacdo com a microbiota tanto no papo quanto no intestino ¢ outro fator crucial na
diminui¢ao da quantidade de DON disponivel para absor¢ao (GHAREEB et al., 2014;
MARESCA, 2013). Estudo de toxicocinética evidenciou que a biodisponibilidade oral
nas aves ¢ de aproximadamente 20%, e que as maiores concentragdes de DON sdo
encontradas no intestino delgado, figado (principalmente na bile) e rins (GUERRE,
2015).

A principal via de metabolizagdo em aves ¢ a hepatica, por meio de sulfonagao,

processo que aumenta a solubilidade de compostos toxicos, facilitando sua excrecao
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pela bile e urina. A exposi¢do prolongada ao DON leva ao aumento dos niveis das
enzimas hepaticas responsaveis pela metabolizagdo (GUERRE, 2015). Em mamiferos, a
metabolizacdo ocorre principalmente pela de-epoxidagdo, resultando no metabdlito
deepoxi-desoxinivalenol (DANICKE; BREZINA, 2013; GUERRE, 2015). O principal
metabolito de DON em galinhas ¢ o DON-3a-sulfato (SCHWARTZ-ZIMMERMANN
et al., 2015).

Figura 1- Vias metabolicas de desoxinivalenol em aves.

SH \_ CH

> \ /
Deoxynivalenol-3a-sulfate Deoxynivalenol-3a-glucuronide

(8) (9)

Cé)H \\ CH;
OH

Deoxynivalenol (DON)
(1)

Deepoxy-deoxynivalenol (DOM-1)
(7

Fonte: Guerre, 2015.

Apesar da aparente tolerancia das aves ao DON, diversos efeitos negativos tém
sido relacionados ao seu consumo em frangos, como a diminui¢do no ganho de peso
diario (apresentando correlacdo positiva com a quantidade de micotoxina fornecida),
piora da conversdo alimentar, aumento da mortalidade, aumento do peso do figado e
diminui¢do da eficiéncia produtiva (ANDRETTA et al., 2011).

Alteracdes na morfologia intestinal também tém sido associadas ao nivel de
contaminag¢do da dieta (YUNUS et al., 2012; AWAD et al. 2011). O principal segmento
intestinal afetado pelos efeitos toxicos de DON ¢ o intestino delgado, especialmente
duodeno e jejuno (AWAD et al., 2007). Aves expostas a dieta contaminada por DON (5
mg kg!) apresentaram diminuigdo do peso absoluto e relativo do intestino delgado, bem

como da altura e largura das vilosidades duodenais (AWAD et al., 2006a). Redugdo da
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altura das vilosidades e aumento da profundidade de criptas em duodeno e jejuno
também foi relatado em frangos apds ingestio de DON (10 mg kg™') (WU et al., 2018).

Wang e Hogan (2019) avaliaram os efeitos de uma dieta contaminada com DON
(11,4 mg kg'") sobre o desempenho e morfometria intestinal em diferentes fases do
crescimento de frangos de corte. Os parametros zootécnicos so6 foram reduzidos quando
a exposi¢do ocorreu entre 22-34 dias de vida (dv). Na fase inicial (15-21 dv) houve
diminui¢do na altura de vilosidades em jejuno e ileo; aos 22-34 dv apenas o jejuno foi
afetado, apresentando menor altura de vilos e maior relagdo vilos:criptas. Quando
expostos ao longo de todo o ciclo (1-34 dv), a consequéncia foi redugdo da altura das
vilosidades e criptas no ileo. Os autores concluiram que frangos desafiados com DON
na fase inicial conseguem recuperar as perdas no desempenho, sendo os animais em fase
de crescimento mais sensiveis aos efeitos deletérios sob a performance. #

A ingestdo de dietas contaminadas com DON (5-10 mg kg'), além de ser
associada a menor area de absor¢do intestinal, diminuicdo na fun¢do e expressao dos
transportadores de glicose, frutose e aminoacidos, falhas no desempenho, também
propicia uma maior concentragdo de nutrientes no intestino delgado, o que pode
predispor a quadros de disbacteriose (GHAREEB et al.,, 2015). Bacteroidaceae,
Ruminococcaceae, Lachnospiraceae e Clostridiaceae sdo as principais familias
bacterianas presentes no ceco de frangos, entretanto DON ¢é capaz de alterar essa
relagdo, diminuindo os géneros Oscillospira, Clostridium, Ruminococcaceae e
aumentando o género Clostridiales (LUCKE et al., 2018; AGUZEY et al., 2019).

Alteragdes na barreira intestinal também tém sido atribuidas a ingestdo de DON,
como resultado de mudangas na permeabilidade paracelular (AWAD et al., 2019), na
menor expressdo dos genes claudina-1, ocludina (WU et al., 2018) e mucina
(ANTONISSEN et al.,, 2015). Entretanto, um aumento no numero de células
caliciformes também foi descrito (WANG; HOGAN, 2019). O aumento da
permeabilidade intestinal facilita a translocacdo de microrganismos, evento que foi
associado a maior expressao de mRNA TRL 4 em duodeno e jejuno apds ingestao de
dieta contaminada por DON (7,54 mg kg por 3 semanas) (OSSEALAERE et al.,
2013). Efeitos citotoxicos em linfocitos intestinais (AWAD et al., 2014), bem como
modulacdo da resposta imune e diminui¢do da resposta vacinal para doenca de
Gumboro e NewCastle foram relacionados a maior suscetibilidade a doengas em

frangos expostos a0 DON (AWAD et al., 2013).



O 0 3 N N B~ W N =

W W W W N N N N N N N N N N = = e e e e e e
W N = O O 0NN N R WD O O 0NN W N = O

19

Perus sdo afetados de modo similar a frangos quando submetidos a dieta multi-
contaminada com micotoxinas (DON 6,8-13,6 mg kg!, 15-acetyl-DON 0,6-1,3 mg kg
e ZEA 0,4-0,7 mg kg!), apresentando diminui¢do na populagio de linfocitos TCD4" e
TCD8" e aumento na IgA biliar (CHOWDHURY et al., 2005). Deste modo, também
nesta espécie a ingestdo de fusariotoxinas atua negativamente sobre a resposta imune,
podendo tornar os animais mais suscetiveis a infecgdes.

A formacgdo de espécies reativas de oxigénio (EROs) é um evento fisioldgico,
porém quando ha um desequilibrio entre a producdo de EROs e a capacidade
antioxidante, estabelece-se o estresse oxidativo, que pode desencadear diferentes
respostas como aumento da proliferacdo celular, apoptose ou necrose (HALLIWEL,
2007). A exposi¢do ao DON, tanto em modelos in vitro como in vivo pode elevar os
niveis de EROs e induzir o estresse oxidativo nos tecidos (GHAREEB et al., 2015). A
Tabela 1 apresenta dados relacionados a interagdo entre DON e a resposta ao estresse

oxidativo em frangos.
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1 Tabela 1- Efeitos de desoxinivalenol (DON) na producdo de radicais livres e defesa

2 antioxidante

O o0 NNk W

Espécie

Micotoxina; nivel de
contaminacéo e

Efeito

Referéncia

duracéo
Frangos DON aumenta MDA em todas
in vitro DON 0,001; 0,01; 0,1 ¢ Linfocitos as concentragdes em 24 h Lautert et al.
1 pg/mL 48-72 h apenas 1 pg/mL (2014)
24,48 e 72 h aumenta MDA
Frangos DON Fibroblastos Aumenta MDA (500, 1000 e
in vitro diferentes embrionarios | 2000 ng/ml)
concentragdes 100, de galinha Reduz GSH (500, 1000 e 2000 Lietal. (2014)
500, 1000, e 2000 (DF-1 células) | ng/ml)
ng/ml Reduz SOD (100, 500, 1000 e
24 h 2000 ng/ml)
Frangos DON 0-50 pg/mL Linfocitos Aumenta os niveis de EROs Ren et al. (2015)
in vitro 48 h esplénicos
Frangos DON 4,6 mg kg'! fleo Aumenta mRNA HMOX Antonissen et al.
2 sem (2015)
Frangos DON 10 mg kg'! Figado Nao altera TBARS Awad et al.
5 sem (2012)
Frangos DON 10 mg kg! Jejuno Aumenta TBARS Awad et al.
S sem (2014)
Frangos DON e ZEA Figado Aumenta MDA
3,4 mg kg'! Reduz GPx
2 sem Rim Aumenta MDA Borutova et al.
DON e ZEA Figado Aumenta MDA (2008)
8,2 ¢ 8,3 mgkg! Reduz GPx
2 sem
Frangos AFLA 102,08 mg kg™'; Soro Aumenta MDA
ZEA 281,92 mg kg'!; Reduz T-SOD Jiang et al. (2014)
FUMO 5.874,38 mg
kg!'; DON 2.038,96
mg kg!
6 sem
Frangos DON 7,54 mg kg! Figado Reduz mRNA HIF1, HMOX
3 sem Aumenta mRNA XOR Ossealaere et al.
Jejuno Aumenta mRNA HMOX e (2013)
XOR
Frangos Baixo: 0,23 mg kg'! Figado Aos 3 e 7 dias reduz MDA
toxina T-2 toxin e 4,96 (niveis baixo e alto)
mg/kg DON Aos 3 dias aumenta mRNA Pelyhe et al.
Médio: 1,21 mg kg GAPDH (niveis médio e alto) (2018)
toxina T-2 e 12,38 Aos 3 dias aumenta mRNA
mg/kg DON GPx4 (nivel alto)
Alto: 2,42 mg kg!
toxina T-2 e 24,86 mg
kg DON
1 sem
Frangos DON 10 mg kg'! Soro Reduz SOD
6 sem Nao altera GSH-Px e MDA Yang et al.
Jejuno Nao altera SOD (2017)
Aumenta MDA

EROs: TBARS- substéancias reativas ao acido tiobarbittirico; MDA- malondialdeido; T-SOD- superdxido
dismutase total; XOR- xantina oxidoredutase; Defesa antioxidante: GSH- glutadiona redutase;
GPx/GPx4— glutationa peroxidase; HMOX- heme oxigenase; GPDH- Glicerol-3-fosfato desidrogenase.
Sem.- semana; hs- horas.



O 0 3 N N B~ W N =

W W W W N N N N N N N N N N = = e = e = e e
W D= O O 0NN N R WD = O O 0NN RN = O

21

2.3 PROBIOTICOS

O termo probidtico deriva do latim e grego e significa “a favor da vida”. Sao
definidos como microrganismos que administrados em doses adequadas conferem
algum beneficio ao hospedeiro (HOSSAIN; SADEKUZZAMAN; HA, 2017). O
probiodtico ideal deve ser apatogénico, atoxico, tolerar o suco gastrico, aderir ao epitélio
intestinal e persistir nele, além de produzir substdncias com ac¢do antimicrobiana
(ANGELAKIS, 2017).

Diferente dos prebidticos, que sdo oligossacarideos ndo digestiveis que atuam
estimulando o crescimento de bactérias benéficas da microbiota intestinal (BORDA-
MOLINA; SEIFERT; CAMARINHA-SILVA, 2018), os probidticos atuam no trato
gastrintestinal por meio dos seguintes mecanismos: estimulo do sistema imune,
exclusdo do modo competitivo (pela colonizacdo da mucosa que leva a diminui¢dao do
nimero de sitios de ligacdo livres, competicdo por nutrientes e producdo de
bacteriocinas), potencializacdo da atividade de enzimas digestivas e produgdo de
substancias que neutralizam enterotoxinas (M'SADEQ et al., 2015).

Neste contexto destaca-se o uso de bactérias acido laticas. Microrganismos
benéficos como Lactobacillus spp. podem atuar por diferentes mecanismos frente a
agentes patogénicos, seja por colonizagdo do intestino e redugdo dos sitios de ligagdo ou
producdo de metabdlitos com acgdo antimicrobiana e competigdo por nutrientes
(HOSSAIN; SADEKUZZAMAN; HA, 2017). Nos frangos, L. reuteri, L. salivarius e
L. animalis sdo as espécies predominantes, sendo que L. reuteri tem potencial de
produzir reuterina, que ¢ um metabodlito com agdo antimicrobiana comprovada frente a
Salmonella spp., E. coli e Campylobacter spp. (EDENS, 2003). Efeitos benéficos da
ingestdo de Lactobacillus spp. (5,8 log UFC/g rago) por seis semanas foram relatados
em frangos de corte que apresentaram aumento da relacdo vilosidade/cripta intestinal

(OLNOQOD et al., 2015).

2.3.1 Uso de Probioticos no Controle de Micotoxinas

A contaminagdo dos alimentos por micotoxinas ¢ um fendémeno multifatorial,
envolvendo fatores pré-colheita (temperatura e umidade do ambiente, suscetibilidade da
planta a infeccdo por fungos toxigé€nicos, manejo sanitario da lavoura), durante a

colheita (umidade dos graos) e pods-colheita (secagem prévia ao armazenamento,
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controle fingico nos silos) (CAST, 2003). Estes metabolitos interferem tanto na satude
animal, quanto humana. As condi¢cdes ambientais sdo fatores que ndo podem ser
controlados, por isso os niveis de contaminagdo variam tanto na mesma regido em
diferentes periodos. Estudos indicam que as mudancas climdticas decorrentes do
aquecimento global tendem a aumentar os problemas de contamina¢do por micotoxinas
(RUSSELL; PATERSON; LIMA, 2010).

No Brasil, o nivel médio de contaminagdo de trigo por DON no ano de 2005
relatado nos estados de Sao Paulo (SP), Parana (PR) e Rio Grande do Sul (RS) foi de
0,332 mg kg' (CALORI-DOMINGUES et al., 2007). Tralamazza et al. (2016)
analisaram 50 amostras de trigo recém-colhido durante a safra de 2012 no Paran4, sendo
que 98% das amostras foram positivas, € a contaminagdo variou entre 0,183-0,894 mg
kg™!. Outro estudo avaliou a contaminagiio por DON entre 2012-2013 em 57 amostras
de milho do PR; 58% foram positivas quanto a presenga da micotoxina a uma
concentracio média de 0,184 mg kg™! (OLIVEIRA et al., 2017). Vale ressaltar que os
farelos de milho e soja sdo base da formulacao da racao de frangos de corte no Brasil.

Considerando que a contaminagdo por micotoxinas ¢ um problema atual na
producdo animal, diversas alternativas t€ém sido propostas para a diminuicdo dos seus
efeitos negativos. O uso de adsorventes organicos ou inorganicos (organicos: parede
celular de levedura; inorganicos: betonitas e aluminio-silicatos; ou sintéticos: polimeros
de colestiramina) esta entre as principais estratégias. Estes compostos atuam por meio
da ligagdo com as micotoxinas presentes na racdo de forma que passem pelo trato
gastrointestinal sem serem absorvidas. Também agentes bio-transformantes como
bactérias, fungos ou enzimas podem ser utilizados, transformando as micotoxinas em
metabolitos nao toxicos ou menos toxicos (OLIVEIRA et al., 2014; VILA-DONAT et
al., 2018).

A identificagdo de microrganismos com capacidade de detoxificagdo de
micotoxinas ¢ um desafio. Foi comprovado que a exposicdo prévia com dietas
contaminadas por DON (10 mg kg'), incuba¢io em meio enriquecido (DON 100
ug/mL) e utilizagdo da técnica de PCR-DGGE (Polymerase Chain Reaction denaturing
gradient gel electrophoresis), melhora o indice de sucesso no processo de isolamento de
microrganismos com habilidade de detoxificar DON em amostras de contetudo intestinal
de frangos de corte. Os isolados com essa caracteristica pertenciam principalmente aos

géneros Clostridiales, Anaerofilum, Collinsella e Bacillus (YU et al., 2010).
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Diferentes estudos utilizando modelos in vitro, ex vivo e in vivo demonstraram
efeitos benéficos de bactérias acido laticas frente a exposicdo a micotoxinas. Essa
habilidade foi relacionada a capacidade de interacdo com estes compostos, diminuindo
sua absor¢do. Gratz et al. (2005) verificaram in vitro que a mistura de Lactobacillus
rhamnosus e Propionibacterium spp. neutralizou entre 38-47% de aflatoxina B1 (5 uM)
em solucdo e 25% de aflatoxina B1 (5 uM) em modelo ex vivo. Fazeli et al. (2009)
utilizaram L. fermentum, L. plantarum e L. casei obtendo entre 25 a 61% de reducdo na
concentracdo de aflatoxina Bl (5 pg/ml) em solugdo. EI-Nezami et al. (2002)
verificaram in vitro a capacidade de cepas viaveis e inativadas pelo calor de L.
rhamnosus (duas cepas) e Propionibacterium (uma cepa) em neutralizar micotoxinas
produzidas por fungos do género Fusarium spp., dentre elas DON (20 ug/ml), obtendo
resultados entre 18-93% de diminuicdo. Na comparacdo entre as cepas viaveis e
inativadas quanto a capacidade de reducdo das micotoxinas, apenas uma das cepas de L.
rhamnosus apresentou resultados significativos, utilizando microrganismos viaveis.
Franco et al. (2011) isolaram cepas de L. plantarum de amostras de trigo capazes de
inibir o crescimento de F. graminearum e remover DON in vitro, sendo que essa
reducdo foi observada tanto pelas bactérias viaveis, quanto pelas inativadas pelo calor.

Maidana et al. (2017) verificaram em modelo de explante de jejuno de suinos o
efeito protetor sobre a integridade das vilosidades intestinais do sobrenadante da cultura
de duas cepas de L. plantarum frente ao desafio com DON (10uM). Awad et al. (2006b)
desafiaram frangos de corte com dieta contaminada com DON (10 mg kg') e DON +
Eubacterium spp. DSM 11798 (Biomin®). O principal efeito negativo do desafio com
DON foi a diminuicdo da altura e largura das vilosidades no duodeno e jejuno,
entretanto, o fornecimento do probidtico surtiu efeito protetor sobre o grupo desafiado
com DON + Eubacterium spp.

Yang et al. (2017) avaliaram in Vitro a capacidade antioxidante de uma cepa de
L. plantarum isolada do trato gastrointestinal de uma ave saudavel. Posteriormente,
realizaram ensaio in vivo, em que frangos de corte receberam DON (10 mg kg™!) ou o
probiodtico via ragdo (1x10° UFC/kg ragdo). Ndo foram observadas diferengas na
performance dos animais, entretanto, constatou-se que a suplementacdo com probidtico
diminuiu o estresse oxidativo na mucosa do jejuno e aumentou a expressao da proteina
de jung¢do claudina-1 quando comparados ao grupo DON, concluindo que o probidtico

foi eficaz na acao antioxidante e de protecao da integridade da barreira intestinal.
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Diversos estudos descrevem os efeitos toxicos de DON em frangos de corte,
entretanto, a avaliagdo de indices zootécnicos destaca-se como principal objetivo. Dados
relacionados aos efeitos sobre a sanidade das aves ou que enfoquem a toxicidade
intestinal ou a resposta ao estresse oxidativo sdo escassos. Deste modo, a busca por
estratégias para mitigar os efeitos negativos tem tido interesse crescente. A utilizagdo de
bactérias probiodticas ¢ uma alternativa viavel para diminui¢do da toxicidade de DON
em frangos de corte. Estes microrganismos, além de reduzirem os efeitos toxicos de
DON, sao capazes de modular a saude intestinal e a resposta oxidativa, no entanto, ¢
necessario estabelecer as melhores cepas e formas de apresentagdo (viaveis e/ou
inativadas). Em conclusdo, apesar de existirem alternativas para reduzir os efeitos
toxicos de DON em frangos, ¢ importante que mais pesquisas sejam realizadas, a fim de
ampliar as formas de mitigacao, melhorar a eficiéncia de detoxificacao e reduzir custos.
Deve-se considerar também que parte dos produtos utilizados como adsorventes sdo

oriundos de fontes ndo renovaveis, como argilas e rochas.
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4, HIPOTESE

A ingestdo de dieta contaminada com DON (19,3 mg kg™!) induz efeitos toxicos
sobre a satde de frangos de corte e a utilizagdo de um pool de Lactobacillus spp. em
trés diferentes formas de apresentagdo (viavel, inativado e sobrenadante da cultura) ¢

capaz de interagir com a micotoxina no intestino e reduzir seus efeitos toxicos.
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5. OBJETIVOS

5.1 OBJETIVO GERAL

Avaliar os efeitos toxicos do fornecimento de uma dieta contaminada por DON
(19,3 mg kg'!) e os efeitos do tratamento com um pool de Lactobacillus spp. viavel,

inativado e sobrenadante da cultura, sobre a satde de frangos de corte.

5.2 OBJETIVOS ESPECIFICOS

Avaliar em frangos de corte aos 14 dias de vida, os efeitos do fornecimento de
uma dieta contaminada com DON e do tratamento com um pool de Lactobacillus spp.
viaveis, inativados e sobrenadante da cultura, sobre:

- morfologia e morfometria intestinal;

- contagem de células caliciformes e linfocitos intraepiteliais intestinais;

- morfologia hepatica;

- estresse oxidativo e resposta antioxidante intestinal, hepatica e renal.
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6. ARTIGO PARA PUBLICACAO

O presente artigo serd submetido a revista Food and Chemical Toxicology.

Lactobacillus spp. reduces morphological changes and oxidative stress

induced by deoxynivalenol on broilers’ intestines and liver

ABSTRACT

Deoxynivalenol (DON) is the most prevalent mycotoxin worldwide. This study aimed
to investigate the effects of the treatments with Lactobacillus spp. on the intestine, liver
and kidney of poultry fed a DON-contaminated diet. One-day-old broilers chickens (n
50) were divided into five treatments: control, DON (19.3 mgkg™), viable Lactobacillus
spp.tDON (VL+DON), heat-inactivated Lactobacillus spp.+DON (HIL+DON),
Lactobacillus spp. culture supernatant+tDON (LCS+DON). DON increased the
intestinal and liver lesional score, while the Lactobacillus spp. treatments (LT)
remained similar to the control. DON reduced the villi height and increased the crypt
depths. The LT showed crypt depths similar to control, and higher villi:crypt ratio in
duodenum and jejunum. In the ileum, the LT reduced the goblet cell count in relation to
DON group. DON increased the number of intraepithelial lymphocytes in jejunum and
ileum, and VL+DON had the lowest count. DON-diet increased TBARS in jejunum,;
and reduced the GSH levels in jejunum and ileum. In the liver DON increased the NBT
and decreased the FRAP levels, the LT kept similar to control. DON induced no change
in redox balance in the kidney. The LT improved the intestinal health after DON

exposure and reduced the oxidative stress damage mainly on jejunum and liver.

KEYWORDS: Gut health. Probiotic. Mycotoxins. Detoxification. Poultry.
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1. Introduction

Filamentous fungi produce mycotoxins, which are ubiquitous and heat-stable
low molecular weight (100-700 g/mol) toxic metabolites (STROKA; GONCALVES,
2019; TAHEUR et al., 2019). Cereals are the main food source for humans and animals,
and the contamination by toxigenic fungi can occur in different steps of the food chain,
involving pre and post-harvest factors (TAHEUR et al., 2019). Climate changes
involving global warming provide favorable conditions for fungal growth, making
mycotoxin contamination an increasing problem (PATERSON; LIMA, 2010). It is
estimated that around 60-80% of the world’s food crops are contaminated with
mycotoxins (ESKOLA et al., 2019). Annually aflatoxins, fumonisins and
deoxynivalenol cause $418 million to $1.66 billion of losses in cereal production, and in
livestock the estimated cost range from $466 million due to the need to mitigating the
toxic effects to $6 million related with economic losses (MAGNOLI; POLONI;
CAVAGLIERI, 2019).

Deoxynivalenol (DON) is the most prevalent mycotoxin worldwide (STREIT et
al., 2013; BIOMIN, 2017; LEE; RYU, 2017). In in vitro studies DON induced a strong
toxicity in human embryonic stem cells (hESC-H9) (FANG et al., 2018), and also
reduced cellular protein synthesis, proliferation and survival rate in human colonic
(Caco-2), lung (A549) and monocytic (U937) cell lines (INSTANES; HETLAND,
2004). DON toxicity is related to protein synthesis inhibition through the 60S ribosomal
subunit binding, affecting cells with a high renewal rate, such as the gastrointestinal
tract (GIT) and immune system; changes in these systems result in higher susceptibility
to diseases (BONDY; PESTKA, 2000; PESTKA, 2007).

In the European Union, the regulatory guidelines for DON level in finished

poultry feed are 5 mg kg (E.C., 2006). In Brazil there is no legislation for mycotoxins
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contamination levels in animals feed, and frequently feedstock with higher levels of
DON is used in poultry feed, since this is considered one of the most tolerant species to
this mycotoxin (MARESCA, 2013). However, negative effects are reported in broilers
fed DON-contaminated diets, as performance failures (LIU et al., 2019), increased
mortality (ANDRETTA et al.,, 2011) and modulation of the immune response
(AGUZEY et al., 2019). Increased intestinal permeability and microorganism
translocation were also reported in poultry receiving a DON contaminated diet (AWAD
et al., 2019), as well as reduced villi height mainly in later growth phases (WANG;
HOGAN, 2019). Due to the significant impact of mycotoxins on poultry health,
strategies to reduce economic losses are necessary.

Previous studies have shown that some microorganisms including Lactobacillus
spp. can bind or detoxify DON reducing its negative effects (AWAD, et al., 2006a;
FRANCO et al., 2011; YANG et al., 2017). El-Nezami et al. (2002) found that viable
and heat-inactivated L. rhamnosus and Propionibacterium strains were equally effective
to bind DON in vitro. In addition, jejunal explants from piglets previously treated with
L. plantarum culture supernatant and exposed to DON showed a significant reduction in
intestinal toxicity (MAIDANA et al., 2017).

Bacterial detoxification showed beneficial results concerning DON toxicity,
resulting in non-toxic metabolites such as de-epoxy-deoxynivalenol (DOM-1)
(PIERRON et al., 2016). Therefore, this approach is of increasing interest in mitigation
and control strategies. Considering these aspects, the present study aimed to investigate
the effects of different presentation forms of a mixture of Lactobacillus spp. on the
intestinal health, liver and kidney of poultry fed a DON-contaminated diet using
histomorphometrical assays. The oxidative stress and the anti-oxidative capacity

response were also evaluated.
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2. Material and Methods
2.1 Animals

One-day-old broilers chickens (n 50) male, Ross lineage, were housed in
experimental cages. Animals received water and food ad libitum, heating and lighting
according to the lineage guideline. The animals were randomly divided into five
treatments, with 10 animals each: control, DON 19.3 mg kg, viable Lactobacillus
spp.+DON 19.3 mg kg'! (VL+DON), heat-inactivated Lactobacillus spp.+DON 19.3 mg
kg! (HIL+DON) and Lactobacillus spp. culture supernatant+DON 19.3 mg kg
(LCS+DON). This work was performed in accordance with the Institutional Ethics
Committee for Animal Experimentation (CEUA/UEL number 12433.2018.03).
2.2 Experimental diets

All animals received an uncontaminated diet from 1 to 6 days of age (DA),
composed mainly of corn (48.16%) and soybean meal (43.70%); after this period, they
received a diet composed of corn (15%), soybean meal (35.31%) and wheat (40.13%)
(Table 1) contaminated with 19.3 mg kg of DON, until 14 DA. The control treatment

received the uncontaminated diet throughout the experiment.
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Table 1 - Composition of the experimental diets (%)

Ingredient Pre-initial Starter
0-6 DA 7-14 DA
Wheat - 40.43
Corn 48.16 15.00
Soybean meal 43.70 35.31
Soybean oil 3.79 5.40
Dicalcium phosphate 1.82 0.93
Calcareous 1.04 1.32
NaCl 0.52 0.50
DL-methionine 0.33 0.30
L-lysine HCL 0.10 0.21
L-threonine 0.04 0.10
Premix* 0.50 0.50
Total 100 100
Nutritional levels 0-6 DA 7-14 DA
Energy kcal/kg 2.975 3.050
Protein (%) 24.27 23.31
Linoleic acid (%) 3.355 -
Calcium (%) 0.971 0.878
Phosphorus available (%) 0.463 0.310
Lysine dig (%) 1.307 1.256
Methionine dig (%) 0.646 0.600
Methionine+cistine dig (%) 0.967 0.929
Threonine dig (%) 0.863 0.829
Tryptophan dig (%) 0.277 0.271
Sodium (%) 0.225 0.218

DA- days of age. Premix* - Iron 8,400 mg kg™'; Cupper 3,200 mg kg''; Manganese 13.60 g kg''; Zinc
10.80 gkg''; lodine 146 mg kg™'; Selenium 52 mgkg!; Vitamin A 2,500,000 Ul/kg; Vitamin D3 420,000
Ul/kg; Vitamin E 6,000 Ul/kg; Vitamin K3 500 mg kg!; Vitamin B1 500 mg kg!; Vitamin B2 1,600 mg
kg™!; Niacin 7,000 mg kg'; Vitamin B6 900 mg kg'!; Folic acid 200 mg kg™'; Biotin 36 mg kg''; Vitamin
B12 16,000 pgkg!'; Colin 80 gkg™'; Methionine 178.20 gkg'.

2.3 Experimental design
The animals received by oral gavage 1 mL of a Lactobacillus spp. pool at the

ages described in Figure 1. The control and DON group received 1 mL of sterile MRS
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(De Man, Rogosa and Sharpe media, HiMedia) broth. The Lactobacillus spp. pool was
composed of the same amount of three strains: one strain of L. reuteri and two strains of
L. plantarum. The samples were isolated from broilers chickens (L. reuteri and L.
plantarum) and from wheat (L. plantarum) in previous studies (FRANCO et al., 2011;
ROCHA et al., 2014). The mean cell density of the Lactobacillus spp. pool was 8.20 log
CFU/mL.

The samples were grown in Lactobacillus MRS broth and incubated at 37 °C/24
h, under microaerophilia conditions. The probiotic strains were supplied from three
different forms: i. a fresh culture of viable Lactobacillus spp. pool; ii. a heat-inactivated
culture of Lactobacillus spp. pool and iii. a supernatant culture from a pool of heat-
inactivated Lactobacillus spp.

The inactivation of the Lactobacillus spp. was performed through heat (121 °C
for 30 min), followed by centrifugation at 3000g, 10 min, 5°C. The cell supernatant was
removed, and the cell pellet resuspended in the same volume of MRS sterile broth
(FRANCO et al., 2011). The supernatant was filtrated using a 3pum syringe filter.

The viable and heat-inactivated pools were supplied since the second DA, after
on alternate days until euthanasia; the culture cell supernatant was supplied only since
the seventh DA because it was the day that the animals started to eat the contaminated
diet. We believe that the culture cell supernatant was not able to modulate the intestinal
microbiota, avoiding an adaptation period as the viable and heat-inactivated pools, that
besides acting against DON could act as probiotic and prebiotic respectively.

The animals were euthanized by cervical dislocation at 14 DA and samples from
the intestines (duodenum, jejunum, ileum, and cecum) and liver were fixed in a 10%

buffered formalin solution for histopathological evaluation. For the oxidative stress
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response analysis samples from the jejunum, ileum, liver, and kidney were collected in

sterile microtubes and stored at -80°C (Figure 1).

Figure 1 — Experimental design and sample collection illustration
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Lactobacillus spp. pool via oral gavage 07, 09, 11, 13 DA

Histological analysis (n &)
Intestines and Liver

Euthanasia

(n 10)

Oxidative stress response analysis (n 4)
Jejunum, lleum, Liver and Kidney

Control — uncontaminated diet, DON — diet with DON 19.3 mg kg*!, VL+DON — Viable Lactobacillus

spp. + DON 19.3 mg kg'!, HIL+DON - Heat-inactivated Lactobacillus spp. + DON 19.3 mg kg
LCS+DON - Lactobacillus spp. culture supernatant + 19.3 mg kg!. DA — days of age; n - number of

animals per treatment.

2.4 Histological analysis

1
s

The samples (n 6/group) were dehydrated in increasing alcohol concentration

solutions, diaphanized in xylol and embedded in paraffin for histological analysis.

Tissues sections of 5 um were stained with hematoxylin and eosin (HE) and a lesion

score was applied according to Bracarense et al. (2012) and Grenier et al. (2011) with
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some modifications (Table 2). The villi height and crypt depth from duodenum (2.5X
magnification for villi height and 10X for crypt depth), jejunum and ileum (10X
magnification) were measured in 30 villi and crypt randomly chosen per slide using a
software image program analysis (Motic Image Plus 2.0 software, Motic Instruments,
Richmond, Canada).

The density of goblet cells was evaluated in tissue sections stained with Alcian
Blue (AB). The goblet cells were counted in 15 ileum villi and in five random fields at
the cecum (20X magnification). The number of intraepithelial lymphocytes was counted
in 12 villi randomly chosen using a 40 X objective at the optical microscope in HE

stained tissues.

Table 2 - Histological criteria used to establish the intestinal and liver lesional score

Intestine Liver
Lesion Severity Maximal Lesion Severity Maximal
factor score factor score
Lymphatic  vessel 01 45 Disorganization of 01 36
dilation hepatic cords
Villi flattening 01 Inflammatory 01
infiltrate (modified)
Villi fusion 01 Congestion 01
(modified)
Interstitial edema 01 Cell vacuolation 01
Inflammatory 01 Nuclear vacuolation 01
infiltrate (modified)
Congestion 01 Megalocytosis 02
(modified)
Cell vacuolation 01 Apoptosis 02
Bacteria adhered to 01 Necrosis (modified) 03
the villi (modified)
Flattening 02
Enterocytes
Cell debris 02
(modified)
Superficial epithelial 03
cell necrosis

* The lesion score was obtained by multiplying the severity factor with the extent of the lesion. The
extent of each lesion (intensity or frequency) was evaluated and scored as: 0, no lesion; 1, low extent (25
% of the intestinal section affected); 2, intermediate extent (50 % of the intestinal section affected); 3,
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large extent (75 % of the intestinal section affected). Adapted from: Bracarense et al. (2012); Grenier et
al. (2011).

2.5 Oxidative stress response analysis

Samples (n 4/group) of intestines (jejunum and ileum), liver and kidney were
collected in sterile microtubes, maintained at -80°C. For measuring the antioxidant
capacity the tests of reduced glutathione (GSH) according to Sedlak and Lindsay
(1968), ferric reducing ability (FRAP) and reducing of 2,2'-azino-bis (3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS) following the methodologies described
by Katalinic et al. (2005) were performed.

The oxidative stress response was evaluated by the tests nitro blue tetrazolium
(NBT) and thiobarbituric acid reactive substances (TBARS), following Watanuki et al.
(2006) and Guedes et al. (2006) methodologies, respectively. Briefly, using a tissue
tearor (Bjospec, Sao Paulo, SP, Brazil) the samples were homogenized in KCL (1.15%)
buffer for FRAP, ABTS, NBT and TBARS, and EDTA buffer (0.02 M) for GSH test,

followed by the protocol described by the authors cited above.

2.6 Statistical analysis

The experimental design was entirely randomized. The data were analyzed with
the free software R® version 3.4.4 submitted to ANOVA with a significance level of
5%. If the means were statistically significant the data were submitted to Duncan
multiple comparison test with a 5% significance level. For the lesion score the data that
did not reach the assumption of normality of errors were submitted to logarithmic

transformation followed by ANOVA and Duncan test.
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3. Results

3.1  Lactobacillus spp. improves intestinal and liver morphology and decreases
intestinal inflammation

Broilers fed the DON-contaminated diet showed a significant increase in
intestinal lesions compared to control treatment (Figure 2A, 2B). The jejunum was
more affected than ileum, mainly in a mild to moderate intensity. The main findings in
this group were adherence of bacteria on the villi, vascular changes, inflammatory
infiltrate, interstitial edema, enterocyte cytoplasmic vacuolation, and villus atrophy
(Figure 2C-D). Conversely, the intestine of broilers receiving Lactobacillus spp.
remained similar to the control group showing normal villi lined by columnar

enterocytes (Figure 2B and E).
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Figure 2 — Intestinal lesion score and morphology of broilers submitted to different
treatments
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A- Control — uncontaminated diet (L); DON - diet with DON 19.3 mg kg (M); VL+DON — Viable
Lactobacillus spp. + DON 19.3 mg kg (B); HIL+DON — Heat-inactivated Lactobacillus spp. + DON
19.3 mg kg (W); LCS+DON - Lactobacillus spp. culture supernatant + DON 19.3 mg kg' (N). 2 ®
Different letters are significantly different (P =20.05). Duncan test. Means (AU - arbitrary unit) = standard
deviation. B- Jejunum control group: normal intestine. HE. Bar 100um; Insert- normal columnar
enterocytes. HE. Bar 50 um; C- Jejunum DON group inflammatory infiltrate (¥). HE. Bar 500 um; D-
Jejunum DON group villi atrophy (A). HE. Bar 100 pm; E- Jejunum LCS+DON: normal villi
morphology. HE. Bar 100 um; Insert- Jejunum LCS+DON: intraepithelial lymphocyte (circles). HE. Bar
50 pm.

The morphometrical analysis of villi height was significantly decreased in
broilers fed DON and Lactobacillus diets compared to the control group in the
duodenum and jejunum, while in the ileum the viable Lactobacillus treatment remained
similar to the control. DON induced a significant increase in crypt depth to the

duodenum and jejunum compared to all the other treatments (Figure 3A). In the ileum,
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the ingestion of viable Lactobacillus spp. resulted in a significant decrease in crypt
depth when compared to other groups (Figure 3A). All the Lactobacillus spp. treatments
improved the villi:crypt ratio in the duodenum and jejunum when compared to the DON
group (Figure 3B). In the ileum the viable Lactobacillus spp. treatment showed the
highest villi:crypt ratio (Figure 3B).

Figure 3— Intestinal morphometry (villi height, crypt depth and villi:crypt ratio) of

broilers submitted to different treatments
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A- Control — uncontaminated diet (H); DON - diet with DON 19.3 mg kg (M); VL+DON — Viable
Lactobacillus spp. + DON 19.3 mg kg (B); HIL+DON — Heat-inactivated Lactobacillus spp. + DON
19.3 mg kg (M); LCS+DON - Lactobacillus spp. culture supernatant + DON 19.3 mg kg (W), » b c.d
Different letters are significantly different (P =£0.05). Duncan test. Means (um) + standard deviation. A-
Duodenum, jejunum, ileum; villi height and crypt depth. B- Duodenum, jejunum, ileum; villi:crypt ratio.

Mucus production is related to goblet cell density and is an important component
of the intestinal barrier (JEURISSEN et al., 2002). The ingestion of the DON-diet
enhanced significantly the number of goblet cells in the ileum compared to other

treatments. The number of goblet cells in viable Lactobacillus spp. treatment remained
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like the control group. In the cecum no significant difference was observed among the

treatments (Table 3).

Table 3 — Mean number and standard deviation of goblet cells in the ileum and cecum
of broilers submitted to different treatments

Treatments Goblet cells
lleum Cecum
Control 32.05 +£2.04¢ 51.88 £2.37°
DON 48.13 £ 4.03" 55.04 + 2.84°
VL + DON 33.30 + 2.79% 55.92 + 5.40°
HIL + DON 37.36 +3.13" 52.90 + 4.56"
LCS + DON 36.90 + 1.76" 59.52 + 7.67°

Control — uncontaminated diet; DON — diet with DON 19.3 mg kg''; VL+DON — Viable Lactobacillus
spp. + DON 19.3 mg kg'; HIL+DON - Heat-inactivated Lactobacillus spp.+DON 19.3 mg kg'';
LCS+DON - Lactobacillus spp. culture supernatant + DON 19.3 mg kg™'. ®® © ¢ Different letters in the
same column mean a significant difference (P =£0.05). Duncan test.

Intestinal intraepithelial lymphocytes are sentinels of the mucosal barrier and
can be used to evaluate tissue inflammation (KAER; OLIVARES-VILLAGOMEZ,
2018). DON exposure increased the number of intraepithelial lymphocytes in both
jejunum and ileum when compared to the control group. In the ileum, the ingestion of
viable Lactobacillus spp. induced a significant decrease in intraepithelial lymphocytes

compared to other treatments (Table 4).

Table 4 — Mean number and standard deviation of intraepithelial lymphocytes in the
jejunum and ileum of broilers submitted to different treatments

Treatments Intraepithelial lymphocytes
Jejunum lleum
Control 21.63 £ 1.05° 17.25+1.59°
DON 38.00 +0.77* 20.66 £ 1.74°
VL + DON 23.16 + 3.46° 14.56 + 0.87¢
HIL + DON 29.35+2.66° 19.20 + 2.45%
LCS + DON 32.73 £3.30° 18.85 + 1.56%

Control — uncontaminated diet; DON — diet with DON 19.3 mg kg™!'; VL+DON — Viable Lactobacillus
spp. + DON 19.3 mg kg!; HIL+DON - Heat-inactivated Lactobacillus spp.+DON 19.3 mg kg;
LCS+DON - Lactobacillus spp. culture supernatant + DON 19.3 mg kg!. ® » © Different letters in the
same column mean a significant difference (P <£0.05). Duncan test.
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Similarly to the intestine, ingestion of DON induced a significant increase in the
liver lesion score. The most frequent lesions observed were inflammatory infiltrate,
congestion, cytoplasmic hepatocellular vacuolation, megalocytosis, trabecular
disorganization, and necrosis. On the other hand, Lactobacillus spp. treatments
presented a normal histological aspect, and the lesion score was analogous to the control

group (Figure 4).

Figure 4 — Liver lesion score and morphology of broilers submitted to different
treatments

£2 15+

Liver lesional score AU

. 323 S S 24
A- Control — uncontaminated diet (1), DON - diet with DON 19.3 mg kg' (H), v
Lactobacillus spp.+DON 19.3 mg kg (), HIL+DON — Heat-inactivated Lactobacillus spp.+DON 19.3
mg kg! (B); LCS+DON - Lactobacillus spp. culture supernatant+DON 19.3 mg kg' (M). * ® Different
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letters are significantly different (P =20.05). Duncan test. Means (AU - arbitrary unit) + standard
deviation. B- Liver control group: normal morphology. HE. Bar 50um; C- Liver DON group: moderate
presence of inflammatory infiltrate (A). HE. Bar 100 pm; Insert- Liver DON group: inflammatory
infiltrate (A) higher magnification. HE. Bar 20 um; D- Liver VL+DON: normal morphology. HE. Bar
100 pm; E- Liver HIL+DON: normal morphology. HE. Bar 100 pm; F- Liver LCS+DON: normal
morphology. HE. Bar 100 um.

3.2 Oxidative stress response assay

The production of reactive oxygen species (ROS) was evaluated through
TBARS and NBT assays. Broilers from DON and LCS+DON treatments showed an
increased level of TBARS in the jejunal region compared to the VL+DON and
HIL+DON treatments that remained like control (Table 5). In the ileum, the control
group showed the lowest TBARS level and the HIL+DON the highest, no differences
were observed among the other treatments (Table 5). Concerning the NBT assay, all
treatments presented no difference with the control in both regions of the intestine
(Table 5).

The capacity to respond to oxidative stress was assessed using three different
assays: GSH, FRAP and ABTS. The levels of GSH, when compared to the control,
were significantly reduced in animals fed DON and LCS+DON diets in the jejunum,
whereas in the ileum all treatments resulted in decreased levels (Table 5). Ingestion of
DON-containing diets reduced the ABTS levels in the jejunum compared to the control,
however, in the ileum the decrease was observed only in the Lactobacillus spp.
treatments compared to control and DON treatments. In jejunum no significant
difference was observed in FRAP levels among all the treatments, while in the ileum of
broilers receiving Lactobacillus spp. a decrease in the levels was observed compared to
control (Table 5).

In the liver, DON induced a significant increase in NBT levels in comparison to
other groups, while no difference was observed in TBARS levels among the treatments

compared to the control group (Table 6). The highest GSH levels were observed on the
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treatments VL+DON and LCS+DON compared to the DON group; for ABTS the
highest level was observed on the LCS+DON and the lowest on the control group, but
no difference were observed among the other treatments. A decrease in FRAP levels
was verified in DON group compared to control, the Lactobacillus spp. treatments kept
the levels similar to control (P=0.0079) (Table 6).

In the kidney there was no difference in TBARS levels among the groups
control, DON and LCS+DON; however, the highest level was from the VL+DON and
the lowest from the HIL+DON treatments (Table 6). Regarding to NBT the lowest level
was from the control group and the highest from the VL+DON, there was no difference
among the other treatments (Table 6).

In general, the capacity to respond to oxidative stress in the kidney remained
similar among the treatments. A decrease in GSH, ABTS and FRAP levels was

observed in VL+DON treatment in comparison to control group (Table 6).
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Treatments TBARS NBT GSH ABTS FRAP
Jejunum| Ileum  Jejunum| Ileum  Jejunum| Ileum  Jejunum| Ileum  Jejunum| Ileum
Control 0.017° | 0.026° 0.035® | 0.059% 2,411* | 2,053° 188.1* | 130.4* 59.60* | 69.70%
+0.007 | £0.006 +0.005|£0.018 £350.6 | £229.1 +£3486|+10.64 =*£21.10|+13.06
DON 0.044* | 0.026™ 0.062% | 0.043° 1,342 | 1,147° 129.8° | 112.0° 65.09* | 65.89%
+0.011]+£0.012 +0.030|+0.008 +330.9|+1104 +1584|+11.48 +14.67|+15.61
VL + DON 0.022° | 0.032®  0.029* | 0.056®  2,156" | 926.7*  123.7° | 70.36"  59.69* | 47.89"
+0.005|£0.010 +£0.020|£0.010 +£528.5|+3923 +10.18| £5.92 +20.06 | £9.34
HIL + DON 0.021° | 0.042° 0.057* | 0.075° 1,809% | 677.7° 129.5° | 61.00° 62.67* | 23.19¢
+0.005|+£0.016 +0.008|+0.024 +7746|+36.86 +26.08|+16.71 +1538| +£4.43
LCS + DON 0.044* | 0.037*  0.067* | 0.060®°  839.3° | 1,098"  123.9° | 69.90°  57.55" | 29.96%
+0.020 | £0.013 +£0.038 | £0.015 +£273.0|£118.5 +£43.10|£11.75 +1895| £4.08
3 Control — uncontaminated diet, DON — diet with DON 19.3 mg kg'!, VL+DON - Viable Lactobacillus spp.+DON 19.3 mg kg™!, HIL+DON — Heat-inactivated Lactobacillus
4 spp.+DON 19.3 mg kg!, LCS+DON - Lactobacillus spp. culture supernatant + DON 19.3 mg kg!. ® >4 Different letters in the same column mean a significant difference (P
5 =0.05). Duncan test. Means =+ standard deviation. Results are expressed as: TBARS (thiobarbituric acid reactive substances) — OD/mg of tissue; NBT (nitroblue tetrazolium)
6 OD/mg of tissue; GSH (reduced glutathione) - nmol/mg of protein; ABTS (2,2’-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) — nmol Trolox Eq/mg of protein; FRAP
7 (ferric-reducing antioxidant power) - nmol Trolox Eq/mg of protein.
8
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Table 6 — Effects of deoxynivalenol (DON) on oxidative stress on liver and kidney of broiler chickens

Treatments TBARS NBT GSH ABTS FRAP
Liver | Kidney Liver | Kidney Liver | Kidney Liver | Kidney Liver | Kidney
Control 0.004® | 0.014° 0.035° | 0,020°  3,146™ | 2,798%®  124.2° | 167.1* 238.4% | 182.6°
+£0.001 [£0.005 +0.007 | £0,005 +1357 |£666.5 +13.40|+6.339 +26.26|+40.36
DON 0.009* | 0.018%®°  0.052% | 0.032> 1,976 | 2,191  136.8%° | 169.2° 169.7° | 140.2%®
+£0.003 [£0.004 +0.008 | £0.006 +£592.9|+745.8 +£23.33(+£27.97 +£424 |+21.97
VL + DON 0.004° | 0.026° 0.023° | 0.053% 4213% | 1,333 144.0" | 125.7° 282.9* | 91.70°
+£0.002 [ £0.007 +0.010 | £0.007 +860.4|+532.1 +1841|+10.03 +30.47|=+13.56
HIL + DON 0.007°® | 0.004° 0.035° | 0.027°  3,762% | 2,060°  145.1°° | 182.1% 272.5% | 139.8%®
+0.001 |+£0.002 +£0.005|+0.010 +1061 |+£563.8 +£1.83 |£5216 +32.47| £5.92
LCS + DON 0.008% | 0.011°  0.033° | 0.041®  4,600* | 3,812° 150.6* | 163.3®®  274.5" | 148.7%
+£0.002 [£0.003 +0.011 |+£0.012 +£9953| +1115 +£232 | £3422 +£47.61 |+£43.29

Control — uncontaminated diet, DON — diet with DON 19.3 mg kg'!, VL+DON - Viable Lactobacillus spp.+DON 19.3 mg kg™!, HIL+DON — Heat-inactivated Lactobacillus
spp.+DON 19.3 mg kg'!, LCS+DON - Lactobacillus spp. culture supernatant + DON 19.3 mg kg™!. &% ¢ Different letters in the same column mean a significant difference (P
=0.05). Duncan test. Means + standard deviation. Results are expressed as: TBARS (thiobarbituric acid reactive substances) — OD/mg of tissue; NBT (nitroblue tetrazolium)
OD/mg of tissue; GSH (reduced glutathione) - nmol/mg of protein; ABTS (2,2’-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) — nmol Trolox Eq/mg of protein; FRAP
(ferric-reducing antioxidant power) - nmol Trolox Eq/mg of protein.
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4. Discussion

4.1  Effects of DON on intestines

The intestine is the first system affected by the ingestion of mycotoxins, and
enterocytes are exposed to high levels of these compounds (BROOM, 2015). Broilers
are considered more resistant to the toxic effects of mycotoxins (MARESCA, 2013),
however intestinal changes induced by DON have been described on broilers intestines,
such as, alterations on villi morphology, reduction in the absorption area, reduced
expression of glucose and amino acid transporters, decreased TEER (trans-epithelial
electrical resistance), modulation of the cell junctions proteins and inflammatory factors
expression (GHAREEB et al., 2015; WU et al., 2018). In the present study, using a
broiler in vivo model, we have observed the toxic effects of DON in the intestines, liver
and kidney, and the beneficial effects of the ingestion of a pool of Lactobacillus spp. in
reducing the toxicity.

The intestinal toxicity of DON was characterized by an increase in the lesional
score (= 3-fold) and in the number of goblet cells (= 1.4-fold) and intraepithelial
lymphocytes (= 1.5-fold). Previous studies focused mainly on intestinal morphometry,
reporting mild villi atrophy (AWAD et al., 2006; GHAREEB et al., 2015). Similarly, in
the present study villi atrophy was observed accompanied by increased bacteria
adherence, vascular changes, inflammatory infiltrate, interstitial edema and enterocyte
cytoplasmic vacuolation. Alternatively, all treatments with Lactobacillus spp. remained
similar to the control in both regions of the intestine. In a previous study, broilers
receiving Eubacterium spp. as a strategy to deepoxidize DON showed a reduction in

intestinal histological alterations (AWAD et al., 2006a).
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Villi height is correlated with the intestinal absorption area and intestinal crypts
are the site of new enterocytes multiplication (SWATSON et al., 2002). In this study,
the villi atrophy observed in the lesion score of broilers fed the DON diet was
confirmed by morphometrical analysis in all regions of the intestine, and this change
can result in a reduced intestinal absorption area. Different results were reported
concerning villi height in the literature. Awad et al. (2006b) reported a decrease in
duodenum villi height (5 mg kg™ of DON), while Wang and Hogan (2019) described no
changes (6.6 mg kg!' of DON). Since intestinal changes induced by DON were linearly
correlated with the feed contamination level (YUNUS et al., 2012), and that a higher
level of DON was used in the present study, a reduction in villi height was expected.

The Lactobacillus spp. treatments were not able to preserve the villi height,
except the viable Lactobacillus spp. treatment that kept the villi height like the control
group in the ileum. The beneficial effects of a probiotic microorganism in preserving the
small intestine morphometry have been previously reported (AWAD et al. 2006a).
Conversely to our findings, another study reported that the culture supernatants of
two Lactobacillus plantarum strains were the best to preserve the villi height an ex vivo
DON challenge (MAIDANA et al., 2017). This difference can be justified by the
different doses and models (poultry/in vivo and pig/ex vivo). In this in vivo study we
could not supply a protected culture supernatant (microencapsulated), and perhaps the
digestive process reduced the culture supernatant efficiency.

The crypt depth was also increased in the DON group in duodenum and
jejunum, this result indicates a high intestinal renewal rate, but all the Lactobacillus spp.
treatments kept shown crypt depths similar to the control group.

The villi:crypt ratio is an indicator of the intestinal renovation rate, so the higher

is villi:crypt ratios, the lowest is the intestinal turnover. In addition, a higher intestinal



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

53

turnover is related with a higher maintenance requirement leading to a lower
zootechnical performance (NEVEL et al., 2005). The beneficial effects of Lactobacillus
spp. treatment was evidenced in the villi:crypt ratio, mainly at the duodenum and
jejunum, where the ratio of these groups was similar to the control. The protective
effects of probiotic bacteria on gut morphometry have been previously reported (YANG
et al., 2017; YU et al., 2018). One strain of L. plantarum (viable or heat-inactivated
cells) used in this study showed in an in vitro model a reduction in the levels of DON
(FRANCO et al., 2011). In addition, the culture supernatant from this same strain was
effective in maintaining the morphology of jejunal piglets’ explants exposed to DON
(MAIDANA et al., 2017). Recently, it was demonstrated that the surface of bacterial
cells of L. paracasei was able to bind DON forming complexes (ZHAI et al., 2019).
Other studies also suggest that Lactobacillus spp. may act detoxifying DON in non-
toxic compounds (CHLEBICZ; SLIZEWSKA, 2019; QU etal., 2019).

Changes in the mucus barrier function induced by DON have been reported on
the duodenum of broilers through down-regulation of MUC2 expression and alteration
of the mucin monosaccharide composition, however, no effects were reported on
jejunum and ileum (ANTONISSEN et al., 2015). In addition, Wang and Hogan (2019)
reported an enhancement in goblet cell density in the ileum of broilers fed a DON diet
(= 7 mg kg"), similarly to our results. Conversely, Xu et al. (2011) found no effect of
DON (= 3-17 mg kg™!) on this parameter in the ileum of broilers. In the ileum, all the
Lactobacillus spp. treatments were effective in maintaining the goblet cell density lower
than the DON group, moreover the viable Lactobacillus spp. treatment was the only that
remained analogous to the control group. An increased number of goblet cells are
associated with higher levels of mucus production, and mucus excess can be a rich

protein source to C. perfringens proliferation, contributing to establish ideal conditions
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for the development of necrotic enteritis (MOORE, 2016). Interestingly, in the present
study no difference was observed in cecum, probably because the main action site of
DON is the small intestine (GHAREEB et al., 2015).

Intestinal intraepithelial lymphocytes (ilEL) are considered components of the
intestinal barrier. Furthermore, these cells compound one of the largest immune
compartments, since one ilEL is found for every 10 enterocytes; meanwhile, ilEL can
also contribute to gastrointestinal inflammation and disease (KAER; OLIVARES-
VILLAGOMEZ, 2018). DON induced an increase in the number of ilEL in the jejunum
and ileum compared to control, reinforcing the potential of DON to induce intestinal
inflammation. DON alters the intestinal paracellular permeability on chickens’
intestines, facilitating the translocation of enteric microorganisms and leading to local
inflammation (AWAD et al., 2019). Nevertheless, in the jejunum, the ingestion of
Lactobacillus treatments induced a decrease of ilEL count, and in the ileum this positive
effect was observed only in the viable Lactobacillus spp. treatment compared to DON
group. To the best of authors’ knowledge there is no previous data evaluating ilEL
modulation by DON or acid lactic bacteria.

Oxidative stress (OE) occurs when there is an imbalance between reactive
species of oxygen (ROS) and the antioxidant defenses (HALLIWELL, 2007). Few
studies focused on the oxidative stress induced by DON in broilers’ intestines. TBARS
is a ROS related to lipid peroxidation (GUEDES et al., 2006). In the present study,
DON exposure induced a 2.6-fold increase in jejunum TBARS levels, whereas the
treatments with viable Lactobacillus spp. and heat-inactivated Lactobacillus spp. were
able to keep their levels similar to the control group. The excess of free radicals, mainly
those associated with lipid peroxidation affect some organelles including the

mitochondria, leading to cell death (SILVA et al., 2018). Awad et al. (2014) also
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reported higher TBARS levels on the jejunum after DON exposure, but their treatment
with a probiotic feed additive was not effective in reducing TBARS levels. In the ileum,
no difference in TBARS levels was observed between the control and DON groups,
reinforcing that jejunum is the region most affected by DON exposure (OSSELAERE et
al., 2013). No effects of DON were observed in the jejunum and ileum NBT levels,
suggesting that this pathway is not affected by this mycotoxin.

The antioxidant defense is composed by the superoxide dismutase (SOD),
catalase (CAT), and glutathione-related systems (GSH) (NORDBERG; ARNER, 2001).
In relation to the capacity to respond to oxidative stress, no significant difference was
observed in the DON group in the ileum and jejunum for FRAP levels compared to
control. DON induced a reduction of 30.9% in the ABTS levels in the jejunum. For
GSH a reduction of 44.3% was observed, while the treatments VL+DON and
HIL+DON remained similar to the control group. In the ileum a decrease of 44.13% in
the GSH levels was also observed, although the Lactobacillus spp. treatments were not
able to keep their levels similar to the control group. This can suggest that the
Lactobacillus spp. strains used in this study are more effective in reducing the oxidative
stress induced by DON in jejunum. Decreasing of antioxidants levels have already been
reported on chickens DON-challenge (MISHRA et al., 2014). The redox balance is vital
for the intestinal health status, and a reduction of the intestinal antioxidant enzymes can
be correlated with the intensity of the intestinal inflammation (CIRCU; AW, 2012).

4.2  Effects of DON on liver and Kidney

The liver and kidney play a key role in DON detoxification and excretion
(DANICKE; BREZINA, 2013). DON or its derivates that reaches the systemic
circulation will be metabolized in the liver mainly to the sulfonation pathway, suffering

biliary or urinary excretion (GUERRE, 2015). In this study morphological liver changes
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were induced on broilers fed a DON-contaminated diet; however all the Lactobacillus
spp. treatments had a protective effect. Inflammatory infiltrates, congestion, hepatocyte
cytoplasmic vacuolation, megalocytosis, trabecular disorganization and necrosis were
the main injuries found. Che et al. (2011) also reported broilers’ liver morphology
alterations after exposition to mycotoxin contaminated diet, the main hepatocyte
cytoplasmic vacuolation.

Under physiological condition the ROS are responsible for cellular pathways
activation, defense against pathogenic microorganisms and influence the expression of
genes to promote cell growth or death, and in redox imbalance situation the liver is one
of the organs main affect by the oxidative stress (LI et al., 2015). The lipid peroxidation
(TBARS) enhance by DON was not statically significant from control on liver and
Kidney. Awad et al. (2012) and Awad et al. (2014) also reported the absence of
alterations on broilers’ liver and kidney TBARS. Controversy to our findings, an
increase in malondialdehyde (MDA) was reported on chicken’s liver, kidney and serum
after DON exposure (BORUTOVA et al., 2008; JIANG et al., 2014). DON increased
the NBT levels in 48.57% on liver, an up-regulation of an oxidative stress marker
(xanthine oxidoreductase) was also previously reported (OSSELAERE et al., 2013), in
this study all the Lactobacillus spp. treatments were effective to keep the levels similar
to control. DON did not alter the NBT levels on kidney.

Concerning the antioxidant ability on liver and kidney, DON did not influence
the GSH and ABTS levels. Borutova et al. (2008) reported a decrease in liver
glutathione peroxidase after DON exposure. In chicken embryo fibroblast DF-1 cells
DON increased ROS and MDA levels, a reduction on GSH and SOD was also reported
(LI et al., 2014). Liver FRAP levels were decreased in 28.81%, although all the

Lactobacillus spp. treatments effectively kept levels similar to the control group (Table
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6). A decrease in broilers serum SOD levels was also observed after DON exposure,
and a protective effect dietary addition of yeast cell wall (YCW) was proven (JIANG et
al., 2014). According to Dinicke; Brezina (2013) chronic feeding of a DON-
contaminated diet resulted in a significantly higher bioavailability. The mild alterations
induced by DON on broilers liver and kidney oxidative stress may be explained by a

low bioavailability of this compound due to the small period of exposition (seven days).

5. Conclusion

The Lactobacillus spp. treatments were able to improve the intestinal health after
DON exposure, minimizing the intestinal morphological changes, reducing the goblet
cell and the intraepithelial lymphocytes count and reducing the oxidative stress damage
mainly on jejunum. On the liver, the treatments were also effective in maintaining the
morphology and reducing the oxidative stress damage produced by DON.

Despite all the Lactobacillus spp. treatments reduced DON toxicity, in general,
the viable treatment showed the best results. We suggest that the beneficial effects are
probably related to mycotoxin binding and production of detoxifying substances, once
protective effects were observed with the viable, heat-inactivated cells and the culture
supernatant. However, more studies are necessary to elucidate the mechanisms of

Lactobacillus spp. action.
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7. CONCLUSAO

O fornecimento de dieta contaminada com DON (19,3 mg kg') a frangos de
corte entre 7-14 dias de vida induz efeitos deletérios sobre a morfologia e morfometria
intestinal. DON induz o estresse oxidativo no intestino e figado, entretanto os niveis de

EROs e antioxidantes ndo se alteram no rim.

DON aumenta a contagem de células caliciformes e linfocitos intraepiteliais no
intestino delgado de frangos de corte alimentados com dieta contaminada

(19,3 mgkg™).

O fornecimento via oral do pool de Lactobacillus spp. viavel, inativado e
sobrenadante da cultura foi capaz de reduzir os efeitos toxicos de DON sobre a
morfologia, contagem de células caliciformes e linfocitos intraepiteliais intestinais.

Também diminuiu o estresse oxidativo intestinal e hepatico.

A futura utilizagdo do pool Lactobacillus spp. viavel, inativado e sobrenadante
da cultura na avicultura comercial ¢ uma alternativa plausivel. Entretanto, mais estudos
devem ser realizados a fim de identificar os mecanismos de a¢ao das diferentes formas

de apresentagdo do pool de Lactobacillus spp. frente ao DON.
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ANEXO II
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