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JIMENEZ-VALDIVIEZO, Milton James. Efeitos de uma mistura de acidos organicos e 6leo
essencial de canela sobre a homeostase tecidual de leitbes desmamados desafiados a
Escherichia coli enterotoxica (ETEC). 2018. 113 f. Dissertacdo (Mestrado em Ciéncia
Animal) — Universidade Estadual de Londrina, Londrina, 2019.

RESUMO

Os acidos organicos e 6leos essenciais ttm uma longa histéria de uso na alimentacédo de suinos
devido aos seus efeitos sobre o desempenho, morfologia intestinal, e sobre as bactérias
patogénicas intestinais. No entanto, poucos estudos avaliaram os efeitos interativos destes
aditivos sobre a integridade intestinal e outros tecidos. Portanto, o objetivo deste estudo foi
avaliar o impacto de uma mistura comercial (CB) de acidos organicos e 6leo essencial de canela
na homeostase tecidual de leites desafiados a Escherichia coli enterotoxica, como uma
possivel alternativa a medicacdo preventiva com antibioticos. 30 leitdes desmamados de 21
dias de idade com peso corporal de 6,06 £ 0,25 kg foram utilizados neste experimento. Os
leitbes foram submetidos durante sete dias a uma dieta padrdo e depois distribuidos a cinco
tratamentos dietéticos num delineamento casualizado. Os tratamentos dietéticos foram: 1)
controle: dieta basal livre de desafio e tratamentos desafiados: 2) Escherichia coli, dieta basal
sem aditivos; 3) colistina, dieta basal suplementada com 200 ppm de colistina + E. coli; 4) CB1,
dieta basal com 1 kg de mistura comercial/ton + E. coli; e 5) CB2, dieta basal com 2 kg de
mistura comercial /ton + E. coli. Sete dias ap6s o inicio do tratamento, os animais foram
desafiados com 5ml (1,1x10° UFC/mL) de uma cepa enterotoxica de E. coli (K88). Cinco dias
apos o desafio, os animais foram eutanasiados para amostragem de jejuno, ileo, figado, rim,
pulmao, baco e linfonodo mesentérico para analise histoldgica. Os cortes histoldgicos foram
analisados para determinar o escore da lesdo; a altura das vilosidades (AV), a profundidade das
criptas (PC), proliferacdo celular e o nimero de células inflamatérias também foram
mensurados no intestino. Amostras de intestino delgado e figado também foram coletadas para
determinar a capacidade antioxidante e a resposta oxidativa por meio de ensaios
espectrofotométricos. A capacidade antioxidante foi determinada pelos ensaios de GSH, FRAP
e ABTS, enquanto os ensaios de TBARS e NBT foram usados para determinar a resposta
oxidativa. As médias dos dados foram submetidas a analise estatistica (ANOVA e teste de
Tukey) considerando P<0,05. Animais alimentados com a mistura comercial (CBI1-2)
apresentaram uma diminuicdo (P<0,05) nas alteracdes histoldgicas no intestino delgado, figado
e Orgdos linfoides quando comparados ao grupo E. coli, no entanto, ndo apresentaram
significancia com o grupo colistina. Foram observadas maiores AV, uma maior relacdo entre
aAV:PC e uma reducdo (P<0,05) no nimero da células inflamatdrias no intestino delgado do
grupo CB2 em comparacao com o grupo E. coli, mas esses resultados nao diferiram dos animais
suplementados com colistina. A suplementagdo com CB2 induziu uma diminuicéo (P<0,05) na
concentracdo de TBARS e NBT no intestino delgado e figado, e uma reducdo significativa
(P<0,05) nos niveis de ABTS no figado em comparagdo com o grupo E. coli. Um aumento
significativo (P<0,05) nos niveis de GSH e FRAP no ileo foram observados em relagdo ao
grupo E.coli. A inclusdo de mistura comercial na dieta, especialmente na dose de 2kg / ton
(CB2), protegeu a mucosa intestinal, figado e érgdos linfoides contra danos causados pelo
desafio bacteriano.

Palavras-chaves: intestino delgado; figado; orgdos linfoides; colistina; estresse oxidativo.



JIMENEZ-VALDIVIEZO, Milton James. Effects of a mixture of organic acids and
cinnamon essential oil on the tissue homeostasis of weaned piglets challenge with
Enterotoxic Escherichia coli (ETEC). 2018. 113 p. Dissertation (Master’s in Animal Science)
— Universidade Estadual de Londrina, Londrina, 2019.

ABSTRACT

Organic acids and essential oils have a long history of use in pig feeding due to their effects on
performance, intestinal morphology, and on intestinal pathogenic bacteria. However, few
studies have evaluated the interactive effects of the organic acids and essential oils on the
intestinal integrity and other tissues. Therefore, the aim of this study was to assess the impact
of a commercial blend (CB) of organic acids and cinnamon essential oil on tissue homeostasis
of weaned piglets exposed to enterotoxic Escherichia coli, as a possible alternative to
preventive medication with antibiotics. Thirty weaned piglets from 21 d of age with a body
weight of 6.06 + 0.25 kg were used in this experiment. Pigs were subject during seven days to
a standard diet and then were allotted to five dietary treatments in a randomized design, using
six replicates per treatment. Dietary treatments were: 1) control: basal diet free of challenge
and challenged treatments: 2) Escherichia coli, basal diet without additives; 3) colistin, basal
diet supplemented with 200 ppm of colistin + E. coli; 4) CB1, basal diet with 1 kg commercial
blend/ton + E. coli; and 5) CB2, basal diet with 2 kg commercial blend/ton+ E. coli. Seven days
after the beginning of the treatment, the animals were challenged with an enterotoxic strain
(1,1x10° CFU/mL) of E. coli (K88) for pigs. Five days after the challenge, all animals were
euthanized for sampling of jejunum, ileum, liver, kidney, lung, spleen and mesenteric lymph
node for histological analysis. The histological sections were analyzed to determine the lesion
score; villi height (VH), crypt depth (CD), cell proliferation and the number of inflammatory
cells were also measured in the intestine. Small intestine and liver samples were also collected
to determine the antioxidant capacity and oxidative response by spectrophotometric assays.
Antioxidant capacity was determined by the GSH, FRAP and ABTS assays, while the TBARS
and NBT assays were used to determine the oxidative response. The data means were submitted
to statistical analysis (ANOVA and Tukey’s test) considering P<0.05. Animals fed the
commercial blend (CB 1-2) presented a significant decrease (P<0.05) on histological changes
on the small intestine, liver, and lymphoid organs when compared to the E. coli group, however,
they did not present significance with the group colistin. Greater VH, a higher VH:CD ratio
and a reduction (P <0.05) in the number of inflammatory cells in the small intestine of the
CB2 group compared with the E. coli group were observed, but these results did not differ from
the animals supplemented with colistin. CB2 supplementation induced a decrease (P<0.05) in
TBARS and NBT concentration in the small intestine and liver and a reduction (P<0.05) in
ABTS levels in the liver compared to the E. coli group. An increase (P<0.05) in GSH and FRAP
ileal levels was observed in relation to the E. coli group. The inclusion of commercial blend in
the diet, especially at a dose of 2kg / ton (CB2) protected the intestinal mucosa liver and
lymphoid organs against damage caused by bacterial challenge.

Keywords: small intestine. liver; lymphoid organs; colistin; oxidative stress.
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1. INTRODUCAO

O desmame € um evento estressante e complexo, caracterizado por mudancas
na dieta e condi¢Oes sociais e ambientais, que afeta profundamente a satde dos leitdes e leva a
uma baixa ingestao de alimentos, ao declinio do desempenho e, em muitos casos, a morte (LE
DIVIDICH; SEVE, 2000). Esses diversos fatores tém consequéncias criticas no comportamento
dos leitdes e na fisiologia do trato gastrintestinal ainda imaturo (LALLES et al., 2007). Entre
as principais alteracdes gastrointestinais que tém sido associadas ao desmame estéo a atrofia do
intestino delgado e reducdo da altura de vilosidades, diminui¢cdo da absorcdo de fluidos,
nutrientes e eletrdlitos, aumento da permeabilidade a antigenos e toxinas e modificagdes na
microbiota intestinal (MONTAGNE et al., 2007). Essas alteracbes podem estar envolvidas na
etiologia da diarreia po6s-desmame (PWD) e outras infeccdes entéricas (PLUSKE; HAMPSON;
WILLIAMS, 1997).

O principal agente infeccioso da PWD em leitdes é Escherichia coli
enterotoxigénica (ETEC), sendo responsavel pela morte de um elevado nimero de leitdes
desmamados (FRANCIS, 2002). Entre outros agentes etioldgicos bacterianos na fase de creche
destacam-se: Lawsonia intracellularis, Salmonella typhimurium e Brachyspira spp.
(BACCARO et al., 2003). O conhecimento dos patdgenos responsaveis pelas diarreias em
suinos é uma importante ferramenta para o diagndstico das doengas causadas pelos mesmos.
Desta forma, podem ser tomadas medidas de tratamento e controle, minimizando as perdas
econémicas (ZLOTOWSKI et al., 2008).

Um grande desafio que a inddstria suina enfrenta hoje € identificar maneiras
de controlar a diarreia em suinos jovens, que ndo apenas sejam lucrativas, mas também
apropriadas para a producao sustentavel de suinos. Doses sub-terapéuticas de antibi6ticos tém
sido usadas em dietas de leitdes para melhorar o desempenho do crescimento e lidar com o
problema da diarreia (KYRIAKIS et al., 1999). Dentro destes antibioticos temos a colistina que,
por sua atividade contra as bactérias Gram-negativas, tem sido amplamente utilizada para o
controle da diarreia pds-desmame em suinos (KEMPF et al., 2013).

No entanto, o risco de desenvolvimento de bactérias multirresistentes levou a
proibicdo de diversos antibioticos em alimentos (SCHWARZ; KEHRENBERG; WALSH,
2001). Portanto, existe uma necessidade urgente de desenvolver estratégias alternativas nao-
antibidticas para o controle de infeccBes associadas ao desmame e manter a produtividade dos
leitbes ao mesmo tempo (RHOUMA et al., 2017). Apds a proibicdo dos promotores de

crescimento a base de antibiéticos, uma diversidade de aditivos alimentares tem sido estudada
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como alternativas, avaliando seu potencial na reducéo da proliferacdo de ETEC, incidéncia de
diarreia pos-desmame e melhora da saude intestinal e desempenho de leitdes desmamados
(HALAS et al., 2009; SEAL et al., 2013). Considerando seu potencial mecanismo de acédo, 0s
acidos organicos e 6leos essenciais podem ser o tipo mais relevante de aditivos para desenvolver
uma estratégia de alimentagdo sem antibiéticos (OMONIJO et al., 2017; ZHAI et al., 2018).

Acidos organicos (AO) como foérmico, propidnico, benzéico, fumarico, lactico
e citrico, ja sdo utilizados em doses elevadas na racdo de leitdes devido aos seus efeitos
bacteriostaticos e bactericidas (SUIRYANRAYNA; RAMANA, 2015), além de apresentarem
efeitos benéficos sobre o trato gastrointestinal (GIT) (RHOUMA et al., 2017). Sua atividade
antimicrobiana é dada principalmente pela diminuicdo do pH da dieta e do trato digestorio,
criando um ambiente hostil para a sobrevivéncia de bactérias coliformes e um meio favoravel
para bactérias lacticas (GONG et al., 2008). Assim, também devido a capacidade da forma
ndo dissociada de acidos organicos penetrar na parede celular das bactérias e alterar sua
fisiologia normal, tornam-se agentes antimicrobianos eficazes (PAPATSIROS; BILLINIS,
2012)

A adicao de AO ou seus sais as dietas para leitdes desmamados demonstrou
melhorar o desempenho do crescimento (PARTANEN et al., 2007; BRAZ et al., 2011;
SUIRYANRAYNA; RAMANA, 2015) e a saude gastrintestinal (HEO et al., 2013). Tem sido
relatado que o uso de AO na ragdo reduz a incidéncia e a severidade da diarreia em suinos
(TSILOYIANNIS et al., 2001). Além disso, os AO poderiam promover o desenvolvimento da
mucosa intestinal em leitdes desmamados, reduzindo os valores de pH da digesta e mantendo
0 equilibrio da microbiota (DIAO et al., 2014).

As plantas produzem um grande numero de metabdlitos secundarios ou
fitoquimicos que sdo usados em grande parte como um mecanismo de defesa contra
microrganismos e outros predadores (SULTANBAWA, 2011). Oleos essenciais, terpenoides,
compostos fendlicos, polipeptidios, alcaloides e poliacetilenos sdo os principais fitoquimicos
presentes nas plantas (COWAN, 1999). Oleos essenciais (OE), também chamados de volateis,
sdo uma mistura complexa de compostos naturais obtidos de plantas aromaticas por varios
processos, sendo que o método mais utilizado comercialmente é a destilacdo a vapor (BURT,
2004).

Os OE tém duas classes principais de compostos, terpenos (por exemplo, timol
e carvacrol) e fenilpropenos (por exemplo, eugenol e cinamaldeido) (OMONIJO et al., 2017) .
Foi reconhecido que os OE possuem propriedades antimicrobianas, antivirais, antimicaticas,

antitoxigénicas, antiparasitarias, anti-inflamatorias, antioxidantes e inseticidas (BURT, 2004;
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REICHLING et al., 2009; OMONIJO et al., 2017). A propriedade antibacteriana dos 6leos
essenciais e seus componentes é dada principalmente pela sua hidrofobicidade, o que lhes
permite interagir com os lipidios da membrana celular bacteriana e torna-la mais permeéavel,
levando a morte (BURT, 2004). Vérios estudos mostraram os efeitos benéficos dos OE no
desempenho de aves e suinos (FRANZ; BASER; WINDISCH, 2010; ZENG et al., 2015a).
Recentemente, os estudos indicaram que a adi¢do da combinacdo de AO e OE
na dieta de leitbes desmamados oferece um possivel efeito combinado, especialmente no
desempenho produtivo (CHO; KIM, 2015; XU et al., 2018). A partir de estudos anteriores com
AO e OE em suinos desmamados, foi analisado que a maioria das avaliagdes se concentraram
principalmente no desempenho e na salde intestinal, sendo que poucos sdo os estudos que
avaliaram o efeito sisttmico da combinacdo destes aditivos em suinos. Portanto, o objetivo
deste estudo foi avaliar os efeitos sistémicos de uma mistura de acidos organicos e 0Oleo
essencial de canela sobre o intestino, figado, 6rgdos linfoides, rim e pulmédo de leitGes
desafiados & Escherichia coli enterotdxica, como uma alternativa possivel & medicacéo

preventiva com antibiéticos.



2. REVISAO DE LITERATURA

2.1 DESMAME

Nas ultimas décadas, na suinocultura, observou-se a ocorréncia de uma
reducdo na idade de desmame dos leitbes, de oito para cerca de trés semanas. A reducdo na
idade de desmame dos leitdes é uma préatica que estad sendo amplamente adotada pela industria
suinicola, objetivando melhoria no desempenho e produtividade das matrizes (CHAMONE et
al., 2010).

O chamado desmame precoce, também se justifica por ser o periodo onde a
producdo de leite da fémea comeca a diminuir ao passo que a velocidade de crescimento dos
leites aumenta, entdo o leite ja ndo atende as necessidades de crescimento, sendo necessario o
fornecimento de racdo, aproveitando-se assim para realizar o desmame (SANTOS;
MASCARENHAS; OLIVEIRA, 2016).

O desmame é um dos periodos mais estressantes para o leitdo, que resulta em
alteracdes intestinais, imunologicas e comportamentais. Durante este tempo os leitdes sdo
submetidos a uma serie de situacOes estressantes como: separacao abrupta da porca, transporte,
estresse de movimentagao, contato com uma fonte de alimento distinta do leite, reorganizagéo
da hierarquia social, mistura com leitdes de outras ninhadas, ambiente fisico diferente, aumento
da exposicdo a agentes patogénicos e antigenos dietéticos ou ambientais (LE DIVIDICH,;
HERPIN, 1994; CAMPBELL; CRENSHAW:; POLO, 2013). Essas mudancas podem contribuir
diretamente para uma baixa taxa de crescimento dos leitbes apds o desmame, ou induzir a
atrofia das vilosidades e a hiperplasia das criptas intestinais, que leva a uma diminuicdo
temporéria da capacidade digestiva e absortiva do intestino delgado (HAMPSON, 1986;
PLUSKE; HAMPSON; WILLIAMS, 1997).

Geralmente o desmame resulta em um periodo critico de baixo consumo
voluntério, durante o qual o leitdo esti se adaptando a dieta inicial (LE DIVIDICH; SEVE,
2000). Nao ha davida de que a reduzida ingestdo de alimentos e o baixo crescimento associado
apos o desmame sdo principais limitacfes para uma maior eficiéncia na produgdo de suinos
(PLUSKE; HAMPSON; WILLIAMS, 1997), portanto, o comportamento dos leitdes, durante
esse periodo, ira influenciar, em grande parte sobre o desempenho final do animal (MAHAN;
LEPINE, 1991).



2.1.1. Alteracbes Morfoldgicas e Adaptacdes Fisioldgicas do Trato Digestério de LeitGes no
Desmame

O sistema digestdrio tem multiplas funcbes, como digestdo e absorcdo de
nutrientes e eletrélitos; manutencdo do equilibrio dos fluidos corporais; secrecdo de enzimas
digestivas, mucina, imunoglobulinas e varios outros componentes; e servir de barreira para o
hospedeiro contra patégenos prejudiciais e antigenos (CAMPBELL; CRENSHAW; POLO,
2013).

Os disturbios no sistema digestorio pos-desmame em suinos resultam néo
somente de alteracdes na arquitetura e funcdo do GIT (PLUSKE; HAMPSON; WILLIAMS,
1997), mas também de mudangas importantes na microbiota entérica adaptavel
(KONSTANTINOV et al., 2004) e nas respostas imunoldgicas (BAILEY et al., 2005). Sem
duvida, todos esses aspectos da fisiologia, microbiologia e imunologia do sistema digestério
contribuem de forma interativa para manter o balanco da satde intestinal (LALLES et al.,
2007).

Durante a fase de amamentacdo o leitdo recebe um alimento com alta
digestibilidade, rico em gordura, lactose e caseina. Com o desmame, os leites ficam
submetidos as ra¢Ges secas, passam a receber amido, 0leos e proteinas vegetais, para as quais
ainda nao apresentam um sistema digestorio adequadamente desenvolvido (CHAMONE et al.,
2010). Sendo assim, o sistema digestorio dos leitdes precisam passar por modificacdes até que
esteja preparado para a digestdo de ingredientes de origem vegetal (TEIXEIRA et al., 2003). A
primeira delas é o aumento na produgdo de enzimas pancredticas e das glandulas anexas da
digestdo, assim como também a variacdo do pH gastrico e motilidade do intestino (MAKKINK
etal., 1994).

Durante a ingestdo, o alimento estimula o estbmago a secretar suco gastrico.
O suco gastrico apresenta um pH entre 2.0 e 3.5, sendo composto por acido cloridrico (HCI),
pepsinas e lipase gastrica (SANTOS; MASCARENHAS; OLIVEIRA, 2016). Nas primeiras
semanas apos o desmame os leitbes produzem quantidade insuficiente de suco gastrico;
atribuida ao fato de que 0 mecanismo que controla a secre¢do de acidos-bases necessita de 8 a
9 semanas para o seu desenvolvimento completo (PROHASZKA; BARON, 2010). Além de
sua influéncia na digestdo de nutrientes, a manutencdo de um baixo valor de pH gastrico é
essencial para um intestino saudavel, porque pode ajudar a reduzir a passagem de bactérias
patogénicas para o intestino delgado. O alto pH gastrico apds o desmame pode contribuir, em

parte, para aumentar a susceptibilidade de leitdes as infec¢des entéricas (HEO et al., 2013).



6

A pepsina é responsavel pela digestdo das proteinas e € formada a partir do
pepsinogénio (SANTOS; MASCARENHAS; OLIVEIRA, 2016). A pepsina s6 é ativada
quando o pH do estdmago atinge valores menores do que dois; devido a que nesse pH, o HCI
converte o0 pepsinogénio em pepsina (KHAN et al., 1999). No desmame o leitdo tem
dificuldades para manter o pH do estdmago baixo, comprometendo a eficiéncia da producao de
pepsina (SOARES, 2004).

O efeito do desmame sobre a atividade das enzimas gastricas é controverso.
Diminuicdo da atividade da pepsina na mucosa do estdmago nos primeiros cinco dias ap6s o
desmame sem alterar a atividade da lipase foi relatada (HEDEMANN; JENSEN, 2004);
entretanto, outros estudos relataram aumento da atividade da pepsina e lipase na mucosa do
estdmago apos o desmame (CRANWELL, 1985; JENSEN; JENSEN; JAKOBSEN, 1997). O
desmame também reduz a motilidade gastrica, sendo mais prolongada apds o desmame e mais
encurtada com o passar do tempo (SNOECK et al., 2004).

O péancreas tem importante funcdo na digestdo dos alimentos ingeridos,
mediante a producdo de suco pancreatico, que possui enzimas que atuam na digestdo do amido
(amilase), das proteinas (tripsina, quimotripsina e carboxipeptidases) e das gorduras (lipases);
sua producdo € praticamente constante durante a lactacdo, mas diminui ao desmame devido a
reducdo no consumo de alimento (ROPPA, 1998). No entanto, outros estudos relataram que o
pancreas apresenta baixa capacidade de sintese de enzimas digestivas enquanto os leitdes sdo
lactantes (exceto para a lipase), e que aumenta ao desmame. De acordo com esses autores seu
maior desenvolvimento ocorre dentro dos primeiros cinco dias ap6s o desmame, sendo
importantes fatores para a inducdo da maturagdo pancredtica a frequéncia de alimentacdo, a
natureza da dieta e a idade dos leitdes (PIERZYNOWSKI et al., 1995; RANTZER et al., 1997).

Mudancgas significativas ocorrem na estrutura e na funcéo do intestino delgado
durante o periodo imediato pos-desmame (PLUSKE; HAMPSON; WILLIAMS, 1997). Estudos
relataram que ha reducdo na altura das vilosidades e aumento na profundidade das criptas
intestinais ap6s o desmame (BOUDRY et al., 2004; MONTAGNE et al., 2007; VERDONK et
al., 2007). Essas alteracfes resultam na diminuicdo da capacidade digestiva, absortiva e
secretora do intestino delgado (PLUSKE; HAMPSON; WILLIAMS, 1997), e, em ultima
instancia, diminuicdo da funcéo de barreira intestinal, contribuindo para a ocorréncia da diarreia
pos-desmame (CAMPBELL; CRENSHAW; POLO, 2013).

A anorexia pds-desmame foi sugerida como o principal fator etiol6gico da
reducdo na altura das vilosidades e de aumento na profundidade das criptas (MCCRACKEN et

al., 1999). No entanto, outros autores sugeriram que ha mudancas morfologicas na arquitetura
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intestinal (redugdo na altura das vilosidades) apds o desmame, mesmo na presenca de
fornecimento continuo de nutrientes (KELLY; SMYTH; MCCRACKEN, 1991). Além de uma
baixa ingestdo de racdo apds o desmame, outros fatores podem ser parcialmente responsaveis
pela atrofia das vilosidades (HEO et al., 2013), como por exemplo o estresse do desmame, fato
associado a separacdo dos leitdes da porca, que contribui parcialmente na alteracdo da
arquitetura intestinal (VAN BEERS-SCHREURS et al., 1998).

A atrofia das vilosidades apds o desmame é causada por uma maior taxa de
perda de células ou uma taxa reduzida de renovacdo celular (PLUSKE; HAMPSON;
WILLIAMS, 1997). Se o encurtamento das vilosidades ocorre através de uma taxa aumentada
de perda de células, isso estd associado ao aumento da producdo de células das criptas e,
portanto, aumenta a profundidade da cripta. No entanto, a atrofia das vilosidades também pode
ser devido a uma diminui¢do da taxa de renovacdo celular que é o resultado da reducéo da
divisdo celular nas criptas (PLUSKE; HAMPSON; WILLIAMS, 1997).

Embora o sistema digestorio dos leites tenha se desenvolvido e suas
estruturas venham se adaptar a dieta, o desmame exige medidas que oferecam melhores
condi¢des de adaptacdo desses animais, para isto, especialmente nas duas primeiras semanas
apos o desmame, é comum a utilizacdo de ingredientes mais digestiveis, como produtos lacteos,
além de alimentos processados (GRECCO, 2014). Porém, por mais digestiveis e complexas que
sejam as dietas, os leitdes recém-desmamados ndo conseguem suprir suas exigéncias
nutricionais, pois o seu consumo logo ap6s o desmame, € relativamente baixo (UTIYAMA,
2004).

2.2 DIARREIA POS-DESMAME (PWD)

As doengas entéricas representam um problema importante na inddstria de
suinos devido as grandes perdas econdmicas associadas a gastos com antibiéticos, aumento da
mortalidade, necessidade de manejo e cuidados com o0s animais doentes e piora de conversao
alimentar (HOLLAND, 1990).

Os mecanismos determinantes para manifestacdo clinica das infecgdes
entéricas resultam primariamente de alteracdes fisiologicas no transporte intestinal de agua e
eletrélitos (ARGENZIO, 1992). O desequilibrio entre 0os mecanismos absortivos, secretorios e
regulatérios préprios do epitélio intestinal promove expressiva perda de fluidos e compromete
a absorcdo de nutrientes (VANNUCCI; GUEDES, 2009).
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A diarreia pos-desmame ¢é uma condicdo dos leitbes desmamados
caracterizada pela descarga frequente de fezes aquosas durante as primeiras semanas apos 0
desmame (FAIRBROTHER; NADEAU; GYLES, 2005). Embora E. coli enterotoxigénica seja
claramente importante na etiologia da diarreia pés-desmame, outros fatores como: falhas de
manejo, ambiente inapropriado, nutri¢cdo inadequada e baixa imunidade (BRITO; FILIPPSEN,;
MORES, 1995) podem favorecer o aparecimento de disturbios digestivos (MADEC et al.,
2000).

A ingestdo de alimento durante a primeira semana pds-desmame esta
fortemente relacionada com o risco de ocorréncia de diarreia no periodo pds-desmame
(MADEC et al., 1998). Também se tem observado um aumento significativo do risco de diarreia
pos-desmame em leitegadas que sofreram de diarreia durante a lactacdo (SVENSMARK et al.,
1989).

Sugere-se que os dois fatores que mais influenciam a ocorréncia de diarreia
pos-desmame sdo a idade e o peso ao desmame. Desmames com menos de duas semanas de
idade ou com menos de 3 kg de peso corporal estdo associados ao aumento na taxa de incidéncia
de diarreia (HESS; BACHMANN, 1981; SVENSMARK et al., 1989). Isso esta provavelmente
associado com uma complexa interacdo entre caracteristicas fisiologicas e imunoldgicas do
trato digestério dos leitbes, assim também ao efeito de agentes infecciosos (HESS;
BACHMANN, 1981).

A imaturidade do sistema imunologico intestinal e a diminui¢do na ingestédo
de IgA e outros compostos bioativos derivados do colostro contribuem para a susceptibilidade
dos animais a doencas entéricas. Essa imaturidade do sistema imunoldgico intestinal pode
reduzir a capacidade do leitdo desmamado para elaborar uma resposta imunoldgica adequada
aos agentes patogénicos (BAILEY et al., 2005).

A diarreia pos-desmame € tipicamente associada a disseminacdo fecal de
grande numero de sorotipos enterotoxigénicos de E. coli S-hemoliticos que proliferam
particularmente no intestino delgado ap6s o desmame (SCHIERACK et al., 2006). Por esta
razao, a diarreia pos-desmame as vezes é também chamada de colibacilose pos-desmame, sendo
que a maioria dos surtos ocorrem nos leitdes desmamados precocemente (FAIRBROTHER,;
NADEAU; GYLES, 2005).



2.2.1. Escherichia coli

Mundialmente, E. coli causa uma ampla gama de doengas em suinos,
incluindo a diarreia neonatal (AND), diarreia pds-desmame (PWD), doenca de edema (ED),
poliserosite, mastite coliforme (CM) e infeccdo do trato urinario (UTI) (FAIRBROTHER,;
NADEAU; GYLES, 2005; FAIRBROTHER; GYLES, 2012).

E. coli é uma bactéria Gram negativa, geralmente mével devido a existéncia
de flagelos peritriqueos, com comprimento variavel e didametro de cerca de 1 um. As colonias
crescem em meio sélido dentro de 24 h ap6s a incubacdo. Estas bactérias produzem colénias de
cor rosa em agar MacConkey, enquanto que algumas linhagens produzem colénias com brilho
metélico quando crescem em d&gar-eosina-azul de metileno, assim como também podem
apresentar atividade hemolitica em &gar-sangue (QUINN et al., 2005; FAIRBROTHER,;
GYLES, 2012).

E. coli faz parte da microbiota intestinal dos suinos. A colonizagdo ocorre no
inicio da vida. A patogenicidade da E. coli depende da sua viruléncia, isto é, fatores de
colonizacdo, enterotoxinas e endotoxinas (VAN BEERS-SCHREURS et al., 1992). A
determinacdo sorologica se baseia em quatro tipos principais de antigenos: somatico (O),
capsular (K), flagelar (H) e fimbrial (F) (QUINN et al., 2005; FAIRBROTHER; GYLES,
2012).

Existem varias maneiras de subdividir as espécies de E. coli em tipos, mas o
melhor modo para classificar esta bacteria é por sorotipagem em associacdo com cepas
virulentas. No entanto, apenas uma pequena porcentagem dos organismos sdo tipificaveis com
base em antigenos O, K, H e F (QUINN et al., 2005; FAIRBROTHER; GYLES, 2012). A
nomenclatura de E. coli patogénica evoluiu nos Gltimos anos, e o termo " patétipo " vem sendo
usado para identificar tipos de E. coli com base em seu mecanismo de viruléncia. Este sistema
pode identificar as diferentes classes de E. coli patogénicas, como E. coli enterotoxigénica
(ETEC), E. coli de toxina Shiga (STEC), E. coli enterohemorragica (EHEC), E. coli
enteropatogénica (EPEC) e E. coli extraintestinal patogénica (EXPEC) (FAIRBROTHER,;
GYLES, 2012).

2.2.2. Escherichia coli Enterotoxigénica (ETEC)

ETEC é o mais importante pat6tipo responsavel pela diarreia neonatal
(AND), diarreia pos-desmame (PWD) e doenca de edema (ED) em suinos (FAIRBROTHER,;
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NADEAU; GYLES, 2005; FAIRBROTHER; GYLES, 2012). ETEC também esta presente nos
intestinos de outras espécies animais e de humanos. Embora possa ser inofensiva, ETEC é
considerada um dos patdégenos mais comuns, causando problemas entéricos em viajantes e
criancas em paises em desenvolvimento (MOREDO et al., 2015).

ETEC é um patétipo que se caracteriza pela producdo de adesinas que
promovem a aderéncia bacteriana ao intestino, e de enterotoxinas que causam diarreia
(FAIRBROTHER; NADEAU; GYLES, 2005). As cepas de ETEC se aderem as
microvilosidades do intestino delgado por meio de fimbrias, tais como F4, F5, F6, F18 e F41,
que séo codificadas pelos genes faeG, fanC, fasA, fedA e F41, e produzem enterotoxinas que
atuam localmente em enterdcitos (MOREDO et al., 2015). No entanto, as fimbrias F18 e F4
(K88) sdo os tipos mais comumente encontrados em PWD em suinos (FAIRBROTHER,;
NADEAU; GYLES, 2005).

As cepas com fimbrias F18 sdo tipicamente associadas a diarreia de
leitbes desmamados, enquanto as cepas com fimbrias F4 estdo associadas a diarreia em leitdes
lactantes, assim como em leitGes desmamados (FAIRBROTHER; NADEAU; GYLES, 2005).
O gene de uma adesina afimbrial chamada AIDA (adesina envolvida na aderéncia difusa) tem
sido detectado em E. coli de leitdes com PWD e ED (HA; CHOI; CHAE, 2003; NGELEKA et
al., 2003). AIDA pode estar presente como a Unica adesina conhecida ou pode estar presente
junto com F18 (NGELEKA et al., 2003). Outra proteina de superficie chamada Paa (gene
associado A / E porcino) também tem sido sugerida como potencial adesina de EPEC e ETEC
em PWD (BATISSON et al., 2003)

Tanto a fimbria F18 como a fimbria F4 (K88) na PWD tém varios subtipos
de variantes, com base em diferencas antigénicas. F4 (K88) apresenta duas variantes ab e ac,
no entanto, quase todos pertencem ao F4ac (K88ac), e a maiorias das vezes sdo referidos
simplesmente como F4 (K88). F18 tem duas variantes conhecidas, ab e ac. O F18ac é mais
comumente associado com cepas de PWD, enquanto o F18ab est4 associado a cepas de ED
(FAIRBROTHER; GYLES, 2012).

Com base na sua estabilidade térmica, as enterotoxinas ETEC s&o
classificadas como toxinas termoelétricas (LT-1 e LT-II), ou toxinas termostaticas (STa, STb e
EAST1) (DUBREUIL, 2008). As toxinas LT aumentam a secrecao de ions de sodio, cloreto,
bicarbonato e agua no limen, enquanto as toxinas ST reduzem a absorcao de liquidos e sais
(FAIRBROTHER; NADEAU; GYLES, 2005); em ambos 0s casos resultam em hipersecre¢ao
de agua e eletrélitos no Iimen do intestino delgado que excede a capacidade de absorcdo do

colon, resultando este processo em diarreia, desidratacdo, reducdo da ingestdo alimentar,
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reducdo da digestibilidade dos nutrientes, reducao do crescimento e até mesmo a morte (HEO
etal., 2013).

Assim, os principais fatores de viruléncia do ETEC sdo as adesinas
(principalmente apéndices chamados fimbriae ou pili) e enterotoxinas (proteinas ou peptideos)
(FAIRBROTHER; NADEAU; GYLES, 2005; NAGY; FEKETE, 2005). Além dos fatores de
viruléncia adesivo e enterotoxico, a patogénese também envolve fatores do hospedeiro, 0s mais
importantes dos quais sdo receptores para adesinas e para enterotoxinas (NAGY; FEKETE,
2005; DUAN; YAOQO; ZHU, 2012). A especificidade da espécie, que é uma caracteristica geral
das infeccdes de ETEC, é em grande parte devido a presenca de receptores especificos (NAGY;
FEKETE, 2005).

Os sorotipos especificos de E. coli que estdo associados a PWD em suinos
pertencem tipicamente aos sorogrupos O8, 0138, 0139, 0141, 0147, 0149 e 0157 (HEO et
al., 2013); dos quais 0149 parece ser o sorogrupo predominante (FRYDENDAHL, 2002; VU
KHAC et al., 2006). Os resultados indicam que os isolados patogénicos de E. coli que produzem
PWD pertencem a um numero restrito de sorotipos e patotipos (VU KHAC et al., 2006).

2.2.3. Tratamento e Profilaxia

Na colibacilose pds-desmame o tratamento com antimicrobianos e eletrélitos
deve ser administrado. Devido a uma ingestao de agua e alimento restrita, os leitdes devem ser
tratados inicialmente por via parenteral; posteriormente, o antimicrobiano pode ser
administrado via 4gua ou racdo (FAIRBROTHER; GYLES, 2012 ). A colistina € o antibidtico
mais usado para o tratamento da PWD em suinos, e € principalmente utilizado em monoterapia,
embora possa ser combinado com outros antimicrobianos, como a amoxicilina (RHOUMA et
al., 2017). Um fluido de reidratacdo deve ser oferecido para conter a desidratacao e a acidose,
no caso de anorexia o fluido pode ser injetado intraperitonealmente (FAIRBROTHER; GYLES,
2012).

Medidas profilacticas como a vacinacdo e desinfeccdo do ambiente
contribuem para diminuir a ocorréncia de PWD (FAIRBROTHER; NADEAU; GYLES, 2005).
Entre tanto, as vacinas injetaveis, como as administradas as porcas para a prevencao da diarreia
neonatal, estimulam principalmente a imunidade sistémica e em menor propor¢éo a imunidade
da mucosa gastrointestinal, dando origem a anticorpos circulantes que ndo atingem bactérias
intestinais em niveis suficientemente altos para serem muito efetivos (VAN DEN BROECK;
COXA; GODDEERISAB, 1999).
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Vacinas de E. coli avirulentas vivas e atenuadas de tipo selvagem parecem
ser promissoras para o controle de infeccdes por ETEC (MELKEBEEK; GODDEERIS; COX,
2013). No entanto, 0 sucesso de uma vacina contra a PWD depende em grande parte da
identificacdo do patdtipo de ETEC mais prevalente presente na granja e da administracdo da
vacina no momento ideal (NAGY; FEKETE, 2005).

A melhoria das condigdes de produgéo de suinos é uma medida crucial para

reduzir a susceptibilidade dos animais a infecgbes microbianas e, consequentemente, reduzir o
uso de antimicrobianos na producdo animal (RHOUMA et al., 2016). Além disso, as praticas de
manejo para os leitbes desmamados devem minimizar as diferentes formas de estresse. Estas
medidas incluem a prevenc¢do da propagagdo da infeccdo, proporcionando aos suinos um bom
conforto térmico (FAIRBROTHER; GYLES, 2012 ) e uma alimentacédo de alta qualidade (HEO
etal., 2013).

A medicacdo preventiva no alimento é praticada frequentemente nos
rebanhos afetados na maioria dos paises, apesar das graves desvantagens como a selecdo de
bactérias resistentes, e também a falta de aceitacdo pelo consumidor (FAIRBROTHER,;
NADEAU; GYLES, 2005). O desenvolvimento da resisténcia bacteriana contra uma ampla
gama de medicamentos antimicrobianos torna a eficacia da terapéutica antimicrobiana incerta
(FAIRBROTHER; GYLES, 2012).

2.3 COLISTINA

As polimixinas sdo um grupo de peptideos policatiébnicos naturalmente
sintetizados pelo Bacillus polymyxa, representador pela colistina e a polimixina B (GALES;
REIS; JONES, 2001). A colistina € um antimicrobiano polipeptidico derivado do Bacillus
polymyxa, variedade colistinus (SUMANO; OCAMPO, 2006) e foi usada pela primeira vez no
Japdo em 1949 (KUMAZAWA; YAGISAWA, 2002). A colistina tem sido comercialmente
disponivel desde a década de 1950, mas foi amplamente substituida na década de 1970 devido
a toxicidade potencial, em particular a nefrotoxicidade (YOUSEF et al., 2011).

A colistina também conhecida como polimixina E, apresenta-se eficiente
contra varios patdégenos Gram-negativos multirresistentes, em particular Pseudomonas spp.,
Acinetobacter spp., Klebsiella spp., Salmonella spp., Escherichia coli e Proteus spp (YOUSEF
et al., 2011; TUNYAPANIT et al., 2013). Para estas espécies bacterianas, as polimixinas sao
as vezes 0s Unicos antibidticos ativos disponiveis na medicina humana (BERGEN et al., 2012).

A colistina atua principalmente na parede celular bacteriana Gram-negativa, levando a uma
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rapida mudanga na permeabilidade da membrana citoplasmatica e, finalmente, a morte celular
(GALES; REIS; JONES, 2001).

O sulfato de colistina (CS) tem sido utilizado na industria pecuaria em muitos
paises e é o tratamento recomendado para o tratamento de infec¢des do trato gastrointestinal,
particularmente para aqueles causados pela familia Enterobacteriacea (RHOUMA et al., 2016).
Em suinos, o CS é usado principalmente pela via oral na dose de 50.000 Ul / kg, a cada 12 h,
por um periodo de 5 dias consecutivos, para o tratamento de infec¢des intestinais causadas por
E. coli. Este regime de drogas mostrou eficacia significativa no tratamento da diarreia por E.
coli (GUYONNET et al., 2010).

Curiosamente, ap6s décadas de uso de colistina na suinocultura, ao final do
ano 2000 varios estudos comecaram a relatar em suinos uma taxa de resisténcia significativa da
familia Enterobacteriaceae a este antibiotico (RHOUMA et al., 2016). As industrias de suinos
e aves, devido as regulamentacdes governamentais mais restritivas sobre o uso de antibiéticos
promotores de crescimento (AGP) na alimentacdo animal, estdo avaliando ativamente solugdes
alternativas para excluir varios antibioticos das dietas animais (GIANNENAS et al., 2014;
ZENG et al., 2015b). Com base em seu mecanismo de acao potencial, os acidos organicos e 0s
o0leos essenciais (fitoterapicos) podem ser os tipos mais relevantes de aditivos para desenvolver
uma estratégia de alimentagdo sem antibioticos (OMONIJO et al., 2017; ZHAI et al., 2018).

2.4 Acipos ORGANICOS

Os 4acidos organicos (AO) se diferenciam de outros acidos por serem
substancias que possuem o grupo funcional COOH, na qual um grupo organico ou um atomo
de hidrogénio podem estar ligados (FIORUCCI et al., 2002). Os nomes comumente usados para
descrever este grupo de compostos organicos incluem acidos gordurosos, volateis gordurosos,
lipofilicos, fracos, e por conter uma o mais carboxilas também podem ser denominados &cidos
carboxilicos (CHERRINGTON et al., 1991; BRAZ et al., 2011). A presenca do grupo COOH
atribui aos acidos carboxilicos altos pontos de ebulicdo. Os &cidos carboxilicos de baixo peso
molecular apresentam solubilidade apreciavel em agua, e a medida que o tamanho de cadeia
aumenta a solubilidade em agua diminui (SOLOMONS; FRYHLE, 2002).

Os AO estdo presentes em células animais e vegetais, sendo constituintes
naturais dos mesmos ou formados pelo processo de fermentacdo microbiana no trato
gastrointestinal (GAUTHIER, 2002). Alguns AO, particularmente os acidos graxos de cadeia

curta, como 0 acetato, propionato e butirato, sdo produzidos em quantidades milimolares no
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trato gastrointestinal de animais e humanos, apresentando-se em altas concentragdes em regioes
onde a microbiota anaerobica é predominante (RICKE, 2003).

Os AO podem ser encontrados na forma livre e como sais de célcio e potassio.
A vantagem dos sais sobre os acidos livres é que estes sdo geralmente inodoros e faceis de
manipular no processo de fabricacdo de alimentos devido a sua forma solida e menor
volatilidade. Eles também sd@o menos corrosivos e podem ser mais sollveis em agua do que 0s
acidos livres (PARTANEN; MROZ, 1999; GAUTHIER, 2002), destacando-se, neste sentido
temos: o di-propionato de aménio, di-formato de potassio, formato de sodio, propionato de
calcio, lactato de célcio, formato de aménio, etc (PAUL et al., 2007).

Os AO de cadeia linear saturados podem ser agrupados arbitrariamente de
acordo com o seu comprimento de cadeia de carbono, ou seja, &cidos graxos de cadeia curta (1-
6 atomos de carbono), &cidos graxos de cadeia média (7-10 carbonos) e &cidos graxos de cadeia
longa (11 ou mais carbonos) (CHERRINGTON et al., 1991). Os nomes dos acidos carboxilicos
sdo obtidos pela retirada do sufixo -ano do nome do alcano equivalente, que corresponde a
maior cadeia do &cido, e pela adi¢do-6ico precedida pela palavra acido (CHERRINGTON et
al., 1991; SOLOMONS; FRYHLE, 2002).

2.4.1. Usos dos Acidos Organicos

Os AO tém sido utilizados ao longo da histéria como aditivos alimentares e
conservantes para prevenir a deterioracao dos alimentos e aumentar a vida Gtil dos ingredientes
alimentares pereciveis (DANNER et al., 2003; RICKE, 2003). Na nutricdo animal, sdo usados
acidos graxos de cadeia curta que produzem menor quantidade de prétons por molécula ao se
dissociarem, e sdo conhecidos principalmente por apresentarem atividade antibacteriana
(CHERRINGTON et al., 1991; SUIRYANRAYNA; RAMANA, 2015).

Além de servirem como uma fonte de energia para as células intestinais
epiteliais (JOZEFIAK; RUTKOWSKI; MARTIN, 2004), os AO apresentam efeitos
fisioldgicos positivos sobre a digestdo ileal de proteinas e aminoacidos (MOSENTHIN et al.,
1992), a absorcédo intestinal de minerais, a digestibilidade do fosfato (JONGBLOED et al.,
2000), a secrecdo de enzimas endogenas e a morfologia intestinal (PARTANEN; MROZ,
1999). Entre os acidos mais utilizados temos: o acido férmico, acético, propidnico, butirico,
latico, malico, benzdbico, sérbico, fumérico e citrico, sendo os quatro Gltimos encontrados na
forma solida (PARTANEN; MROZ, 1999; GAUTHIER, 2002).
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2.4.2. Mecanismo de Agdo Antimicrobiana dos Acidos Organicos

A acdo mais efetiva dos acidos é provavelmente a atividade antimicrobiana,
além da alteragdo indireta da microbiota intestinal mediante a producéo de um meio favoravel
para bactérias lacticas (TSILOYIANNIS et al., 2001), que promovem beneficios ao organismo
do animal e podem causar acidificacdo no limen intestinal (RISLEY etal., 1991; PARTANEN;
MROZ, 1999). Embora os mecanismos antibacterianos dos AO ndo sejam totalmente
compreendidos, eles sdo capazes de exibir propriedades bacteriostaticas e bactericidas
dependendo do estado fisiolégico do organismo e das caracteristicas fisico-quimicas do
ambiente externo (RICKE, 2003).

A acdo antimicrobiana dos AO ocorre através de dois mecanismos: (1)
reducdo do pH dos alimentos e do sistema digestorio, criando um ambiente negativo para o
crescimento de microrganismos patogénicos, especialmente do género Escherichia, Salmonella
e Clostridium (DIBNER; BUTTIN, 2002; SILVA JUNIOR, 2009); e (2) o efeito
antimicrobiano especifico devido a forma ndo dissociada do acido, que ao penetrar na célula
bacteriana altera diversos processos essenciais para a vida de microrganismos (PARTANEN;
MROZ, 1999; DAVIDSON; TAYLOR, 2007).

Os AO ndo dissociados sdo lipofilicos e podem difundir através das
membranas celulares, incluindo as de bactérias. Uma vez dentro da célula, onde o pH é mantido
proximo a 7, o acido dissociara e suprimira as enzimas celulares (descarboxilases e catalases)
e sistemas de transporte de nutrientes (CHERRINGTON et al., 1991; DAVIDSON; TAYLOR,
2007), gerando um potencial problema para bactérias que devem manter o pH do citoplasma
quase neutro para sustentar macromoléculas funcionais (DAVIDSON; TAYLOR, 2007). A
dissociacdo de &cidos graxos aumenta a medida que os valores de pH se aproximam da
neutralidade (CHERRINGTON et al., 1991). Tem-se a hipotese de que o acimulo de &nions é
o principal efeito tdxico dos AO, e que alguns organismos sao mais resistentes aos AO porque
s&o capazes de permitir que o seu pH interno diminua (RUSSELL, 1992).

O metabolismo microbiano é dependente da atividade enzimatica, que é
deprimida a um pH mais baixo (DIBNER; BUTTIN, 2002). Para corrigir o equilibrio a célula
é forcada a usar energia para expulsar protons através da membrana por meio da bomba H+-
ATPase, para restaurar o pH citoplasmatico ao normal, o que contribuird para a reducdo da
disponibilidade de energia para a proliferacdo, resultando em algum grau de bacteriostase
(DIBNER; BUTTIN, 2002; SUIRYANRAYNA; RAMANA, 2015).
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A eficacia de um &cido na inibicdo de microrganismos depende do seu valor
de pKa, que é o pH ao qual 50% do &cido é dissociado (PARTANEN; MROZ, 1999). Os acidos
organicos com maiores valores de pKa sdo conservantes mais eficazes e seu efeito
antimicrobiano geralmente melhora com o aumento do comprimento da cadeia e do grau de
insaturacdo (FOEGEDING; BUSTA, 1991). Quanto maior o valor de pKa, mais ionizado é o
acido e, consequentemente, maior é a sua forca (CALVEYRA, 2010). Se o pH do lamen for
menor do que o pKa do acido, a absorcao sera rapida, no entanto, o pH intestinal € normalmente
superior ao pKa dos &cidos, fazendo que permanecam na forma dissociada, que é pouco
absorvida (CALVEYRA, 2010; GRECCO, 2014). Porém, as trocas dos ions de Na-H pelas
células do epitélio intestinal provocam redugdes locais do pH, levando a uma alteracéo para a
forma idnica dos acidos, resultando na absorcdo pela bactéria (CANIBE et al., 2001).

Outras atividades antibacterianas menos diretas também foram atribuidas aos
AO e incluem a interferéncia no transporte de nutrientes, danos na membrana citoplasmatica,
que resultam na interrupcdo da permeabilidade da membrana externa, influenciando a sintese
macromolecular (CHERRINGTON et al., 1991; ALAKOMI et al., 2000). Os mecanismos
associados a essas atividades tém sido dificeis de estabelecer devido a natureza complexa da
interacdo entre a dissipacéo de energia e a destruicao das capacidades de geracdo de ATP das
bactérias (RICKE, 2003). Por conseguinte, as concentracfes bactericidas dos AO podem ser
devidas a combinacdo da dissipacdo da forca motora do préton e da incapacidade de manter o
pH interno, seguido da desnaturacdo de proteinas e DNA sensiveis ao acido (THOMPSON;
HINTON, 1996).

A capacidade dos microrganismos para se adaptar e sobreviver a condic¢des
de baixo pH é essencial para a sua viabilidade em alimentos &cidos e / ou durante a passagem
pelo ambiente acido do estbmago (BRUNO-BARCENA; AZCARATE-PERIL; HASSAN,
2010). Esta capacidade adaptativa é essencial para organismos benéficos e patogénicos. Desde
a descoberta de que E. coli e Salmonella typhimurium poderiam se adaptar ao estresse de baixo
pH, o fenbmeno de tolerancia induzida por &cido foi revelado em muitos microrganismos Gram-
negativos e Gram-positivos (FOSTER, 1999).

A exposicdo a condicBes acidas moderadas (sub-letais) desencadeia uma
resposta adaptativa, também chamada de resposta de tolerancia a &cido (ATR), na qual as
células ajustam a expressao de varios genes necessarios para a sobrevivéncia no ambiente hostil
de alto teor acido (BRUNO-BARCENA; AZCARATE-PERIL; HASSAN, 2010). A maioria

das bactérias acido lacticas possui ATR, que melhora a sobrevivéncia de células adaptadas apds
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exposicao a um desafio de &cido letal. A inducdo do ATR frequentemente protege as células

ndo apenas do desafio com acido, mas também de outros estresses (COTTER; HILL, 2003).

2.4.3. Efeitos benéficos dos acidos organicos em suinos

Varios estudos documentaram os efeitos dos AO puros ou suas misturas e/ou
seus sais sobre o desempenho em suinos, principalmente em leites depois do desmame
(NAMKUNG et al., 2004; MANZANILLA et al., 2006; BRAZ et al., 2011). Porém, as
respostas tém grandes variaces, as quais se podem relacionar as diferencas no tipo e dosagem
dos é&cidos utilizados, composicdo da dieta basal e idade dos animais desmamados
(RAVINDRAN; KORNEGAY, 1993; PARTANEN; MROZ, 1999).

O uso dos AO em dietas de leitdes tem como objetivo principal diminuir a
gueda da taxa de crescimento que ocorre invariavelmente apos o desmame e é frequentemente
associada a ocorréncia de diarreia (CHERRINGTON et al., 1991). Varios estudos indicaram
que os AO auxiliam na digestéo proteica e reduzem a populagéo de coliformes no intestino em
leitdes, controlando assim a diarreia pos-desmame (GABERT; SAUER, 1995; PARTANEN;
MROZ, 1999; TSILOYIANNIS et al., 2001).

Uma atividade chave dos AO é a reducdo do pH do estdmago. Em meios com
pH acima de 5,0, as bactérias patogénicas se proliferam com maior eficiéncia, enquanto que em
meios com pH na faixa de 3,5 a 4,0 sdo as bactérias benéficas as que tém um melhor
desenvolvimento (BLANCHARD, 2000). Entéo a reducéo do pH gastrico seleciona as bactérias
benéficas para o organismo animal e inibe o crescimento de microrganismos patogénicos
(VERSTEGEN; WILLIAMS, 2002).

Os acidificantes também tém influéncia sobre a secrecdo pancredtica e biliar,
e servem como substratos no metabolismo intermediario, contribuindo para melhorar a
digestdo, absorcdo e retencdo de nutrientes da dieta (THAELA et al., 1998). Um outro
mecanismo benéfico do AO no desempenho é pela estimulacdo direta da proliferacéo de células
gastrointestinais (DIBNER; BUTTIN, 2002). Tem sido observado no intestino delgado em
leitGes jovens, um aumento da altura das vilosidades, area superficial e profundidade da cripta
(SUIRYANRAYNA; RAMANA, 2015; XU et al., 2018), o que também é acompanhado por
uma maior producgéo de gastrina (SAKATA et al., 1995), aumentando assim a digestibilidade

dos nutrientes.
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2.4.4. Caracteristicas e Efeitos dos Acidos Organicos Individuais

2.4.4.1. Acido férmico

E um liquido incolor e transparente com um odor acre, Corrosivo para metais
e tecidos. O uso principal do acido formico é como um agente conservante e antibacteriano na
alimentacdo do gado (PARTANEN; MROZ, 1999). Tem sido utilizado na forma livre ou
associado a sais de calcio, sodio ou potassio, devido a maior facilidade de manejo e por ser
menos volatil (KIL; KWON; KIM, 2011).

Em geral, a atividade antimicrobiana do acido férmico é principalmente
contra as bactérias Gram-negativas (KRABBE, 2001). Diversos estudos realizados comprovam
os efeitos benéficos do acido férmico no controle de microrganismos patogénicos como E. coli
e Salmonella spp, diminuindo a incidéncia de diarreias (TSILOYIANNIS et al., 2001;
KNARREBORG et al., 2002; CREUS et al., 2007).

Outros estudos evidenciaram melhoria no ganho de peso diario e na
conversao alimentar de leitdes alimentados apds o desmame com dietas suplementadas com
0.6, 1.2, e 1.8 % de &cido férmico livre, principalmente nas duas primeiras semanas do
experimento (ECKEL et al., 1992; ROTH; KIRCHGESSNER, 1998). No entanto, Eckel et al.
(1992) relataram que leitdes alimentados com dietas contendo 2.4% de acido férmico
apresentaram redugdes significativas no ganho de peso e na conversdao alimentar. Em outras
pesquisas foram observadas reducBes nao significativas nestes parametros em leitGes
alimentados com dietas contendo 0.2-0.5 % de acido formico (MANZANILLA et al., 2004;
KIL et al., 2006).

O é&cido férmico comumente € utilizado nas ra¢cGes combinado com o célcio,
resultando no formiato de célcio, que € um constituinte natural dos tecidos e sangue dos animais
(PARTANEN; MROZ, 1999). Semelhante ao que acontece com dietas com &cido férmico livre,
aadicdo de seus sais nas dietas de leitdes produz efeitos contrastantes, tanto positivos (KLUGE;
BROZ; EDER, 2006; LALLES et al., 2007; LI et al., 2008) como negativos (LAWLOR;
LYNCH; CAFFREY, 2006; TORRALLARDONA et al., 2007) sobre o desempenho. Também
é dificil concluir quais fontes de acido férmico tiveram o maior beneficio na performance dos
leitdes desmamados (KIL; KWON; KIM, 2011).

Ndo foram observadas respostas claras dependentes da dose em suinos
alimentados com dietas contendo &cido formico ou sais formicos. No entanto, a utilizagdo de

acido formico deve ser moderada, pois o0 excesso de formiatos na dieta pode ocasionar
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disturbios no perfil &acido-base de suinos, gerando acidose metabdlica, que resulta em
diminuicdo do consumo e do crescimento (GIESTING; EASTER, 1991).

2.4.4.2. Acidos acético e propidnico

O é&cido acético é um liquido incolor com um odor forte, € produzido através
da oxidacdo de alcool por bactérias de género Acetobacter (PARTANEN; MROZ, 1999). O
4cido propidnico é um liquido oleoso e tem desagradavel odor rancoso. E produzido por
Propionibacterium na fabricacdo de queijo, sendo também € um dos principais produtos finais
da fermentacdo bacteriana (SUIRYANRAYNA; RAMANA, 2015).

Roth e Kirchgessner (1988), utilizando 0.9, 1.8 e 2.7% de acido acético em
dietas para leitdes entre o desmame e 0s 25 kg de peso vivo, verificaram melhora no ganho de
peso e no consumo diario de ragdo, e também diminuicdo dos quadros de diarreia. A
alimentacdo liquida fermentada para suinos foi benéfica para a saude gastrointestinal dos
animais, porem, os resultados de alguns estudos mostraram que a alta concentragao de acido
acetico na alimentacdo liquida fermentada tende a diminuir a ingestdo alimentar, mas sem afetar
significativamente o desempenho (BEAL et al., 2005; CANIBE; @YAN PEDERSEN; BORG
JENSEN, 2010). O acido acético inibe o crescimento de muitas espécies de bactérias, como por
exemplo a E. coli e a Salmonella spp; e tem um efeito menor sobre leveduras e fungos
(PARTANEN; MROZ, 1999).

Estudos com leitdes desmamados foram realizadas com incluséo do &cido
propidnico nas racles, resultou em efeitos positivos no desempenho (ROTH,;
KIRCHGESSNER, 1998; TSILOYIANNIS et al., 2001). Giesting and Easter (1985) utilizaram
dietas para leitbes suplementadas com 2.0% de &cido propi6nico e encontraram melhora
significativa na eficiéncia alimentar, mas com a diminuicdo do ganho de peso e piora de
conversao alimentar. O acido propidnico tem um alto espectro de acdo contra os fungos e
leveduras (PARTANEN; MROZ, 1999), além disso tem atividade antibacteriana contra E. coli
e Salmonella spp. (TSILOYIANNIS et al., 2001; KNARREBORG et al., 2002).

2.4.4.3. Acido fumarico

O acido fumarico € um acido organico cristalino fraco sem odor. No suino o

acido fumarico surge como um metabodlito da degradacdo da fenilalanina e da tirosina, e
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também aparece como intermedidrio no ciclo da ureia e durante a sintese de purina
(PARTANEN; MROZ, 1999). Na nutricdo suina pesquisadores do final do século XX
estudaram intensamente o acido fumarico em leitdes desmamados (KIL; KWON; KIM, 2011).
Sua agdo antimicrobiana estd orientada contra as bactérias E. coli e Salmonella spp.
principalmente (TSILOYIANNIS et al., 2001; KNARREBORG et al., 2002).

Vaérias pesquisas com leitdes desmamados foram realizadas com incluséo de
1.5-2.0% de acido fumarico nas racdes, com resultados positivos no desempenho e menor
incidéncia de diarreia nas primeiras semanas ap6s o desmame (KRAUSE; HARRISON;
EASTER, 1994; TSILOYIANNIS et al., 2001; LAWLOR; LYNCH; CAFFREY, 2006). No
entanto, em outros estudos com concentracdes 0.2-1.5% de acido fumarico na dieta leitdes
desmamados ndo foram observados efeitos positivos no desempenho {Formatting Citation},

mas houve menor incidéncia de diarreias (RIBEIRO et al., 2002).

2.4.4.4. Acido lactico

O &cido lactico € produzido por muitas espécies bacterianas, principalmente
pelos géneros Lactobacillus, Bifidobacterium, Streptococcus, Pediococcus e Leuconostoc
(PARTANEN; MROZ, 1999). A acdo antimicrobiana do acido latico € dirigida principalmente
contra bactérias (E. coli e Salmonella spp.), sendo que muitos fungos e leveduras podem
metaboliza-lo (CREUS et al., 2007).

Estudos evidenciaram melhoria no consumo de ragdo, ganho de peso e
conversdo alimentar e menor incidéncia de diarreia em leitGes alimentados com dietas
suplementadas com &cido lactico (TSILOYIANNIS et al., 2001; FREITAS et al., 2006;
VALCHEV, 2008). Silva (2002) observou melhora significativa no ganho de peso médio diario
em leitdes suplementados com 2.5% do &cido lactico, mas ndo notou diferengas no consumo de
racdo e conversdo alimentar em comparacao ao tratamento controle. No entanto, Kil et al.
(2006) ndo encontraram diferencas significativas no ganho de peso didrio e na conversao
alimentar com o uso de 0.2% &cido lactico na dieta de leitdes durantes as primeiras trés semanas

apos o desmame.
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2.4.4.5. Acido citrico

O écido citrico é incolor e tem um sabor azedo agradavel (PARTANEN;
MROZ, 1999). E geralmente um agente antimicrobiano menos eficaz que outros &cidos
orgénicos (SUIRYANRAYNA; RAMANA, 2015), em parte porque muitos microrganismos
podem metaboliza-lo e também devido ao baixo pKa (FOEGEDING; BUSTA, 1991). O 4cido
citrico foi amplamente utilizado em experimentos na alimentagdo de suinos para melhorar o
desempenho durante os anos de 1980 até 2000. Posteriormente, o uso do acido citrico chamou
pouca atencdo em relacao aos leitdes desmamados (KIL; KWON; KIM, 2011).

Trabalhos indicaram que, apesar da alta variagdo nos resultados, a inclusao
de 1.5-3.0% de acido citrico na dieta geralmente aumentou o ganho do peso diario e a eficiéncia
alimentar, mas diminuiu a ingestdo diaria média de alimento (RISLEY et al., 1991;
RADCLIFFE; ZHANG; KORNEGAY, 1998; BOLING et al., 2000). Em estudos similares com
leitbes desmamados, houve melhoria no desempenho, incluindo a ingestdo diaria média de
alimento (KRAUSE; HARRISON; EASTER, 1994; TSILOYIANNIS et al., 2001).

Outros estudos ndo evidenciaram melhoria no ganho de peso e na conversédo
alimentar de leitbes alimentados com dietas suplementadas com &cido citrico (RADECKI,;
JUHL; MILLER, 1988; GOTTLOB et al., 2005), houve até mesmo uma depressdo destes
parametros (EDMONDS; IZQUIERDO; BAKER, 1985).

2.4.4.6. Outros acidos

Uma seérie de outros AO como: malico, tartarico, sérbico, benzoico, caprilico
e caprico também tém sido estudados como acidificantes dietéticos para suinos (KIL; KWON;
KIM, 2011). O &cido malico e encontrado naturalmente em magas e muitas outras frutas e é
ativo contra certas bactérias e leveduras. O acido tartarico, que € o acido primario das uvas, tem
um forte sabor acido. O &cido sorbico esta presente em certas bagas e tem um odor distinto e
gosto azedo (PARTANEN; MROZ, 1999).

Leitdes desmamados alimentados com dietas suplementadas com 0.5% de
acido benzoico apresentam melhora significativa do ganho de peso e da conversdo alimentar na
primeira ou segunda semana do tratamento (GUGGENBUHL et al., 2007,
TORRALLARDONA; BADIOLA; BROZ, 2007; HALAS et al., 2010). Kirchgessner et al.

(1995) observaram um aumento linear no ganho de peso, na conversao alimentar e na eficiéncia
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de alimentacdo, aumentando a inclusdo de 1.2 a 2.4% de &cido sbrbico na dieta,
independentemente do periodo experimental.

Dois estudos avaliaram os efeitos do acido malico (1.2-2.5%) nas dietas de
leitbes desmamados; nenhum efeito sobre o ganho de peso, consumo diério de alimento e
eficiéncia alimentar na primeira e segunda semana dos experimentos. Entre tanto, em ambos
uma melhora significativa da eficiéncia alimentar foi observada considerando o periodo do
desmame até a fase de finalizacdo. Este resultado provavelmente esta relacionado a diminuicéo
do consumo diario do alimento que foi observado ao longo dos experimentos
(KIRCHGESSNER et al., 1993; KRAUSE; HARRISON; EASTER, 1994). Dentro dos niveis
de dose utilizados, com a inclusdo de 2.4%, o acido mostrou as melhores respostas de
desempenho e pode ser considerada como a dose ideal.

Estudo testou inclusdo de 0.1-0.2% de acido caprilico e caprico na dieta de
leitGes encontrando uma melhoria no desempenho, especialmente em animais que receberam
alimentacdo com &cido caprilico. Os &cidos também reduziram a mortalidade dos leitGes,
enguanto aumentaram significativamente a digestibilidade das proteinas e, em menor grau,
também a digestibilidade das fibras. Além disso, a inclusdo de acido caprico resultou em um
aumento significativo na altura das vilosidades e na profundidade da criptas, comparadas ao
grupo controle (HANCZAKOWSKA; SZEWCZYK; OKON, 2011).

2.4.5. Fatores que Afetam a Eficacia dos Acidos Organicos

Os resultados das respostas dos leitdes desmamados aos AO mostram
variacOes consideraveis. Alguns autores relataram que os leitdes desmamados apresentaram
melhorias na saide e no desempenho, enquanto outros ndo encontraram efeito ou obtiveram
resultados negativos (TSILOYIANNIS et al., 2001; KIL et al., 2006; TORRALLARDONA,;
BADIOLA; BROZ, 2007) .

Esses resultados contraditorios entre os experimentos sdo principalmente
devido a grandes varia¢des nas metodologias experimentais, como as idades dos animais, tipo
e dose de acido utilizado e composicdo da dieta basal (ALMEIDA; RIGOBELO; MARIN,
2007; KIL; KWON; KIM, 2011).

Em geral os suinos mais jovens apresentaram maiores melhorias que 0s
suinos mais velhos, em especial por que o sistema digestorio destes animais amadurecem com
a idade (RAVINDRAN; KORNEGAY, 1993). Além disso, as dietas complexas contém
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ingredientes mais digeriveis que dietas simples, o que também pode diminuir os impactos
positivos dos acidos organicos (PARTANEN; MROZ, 1999).

Tambeém é sugerido que dietas simples que contenham principalmente cereais
e farinha de vegetais possam beneficiar aos leitdes desmamados em maior grau que as dietas
complexas, que contém produtos lacteos, pois 0s produtos lacteos podem mascarar os efeitos
positivos dos acidificantes em leitdes (RAVINDRAN; KORNEGAY, 1993; KIL; KWON;
KIM, 2011).

2.5 EXTRATOS VEGETAIS: ADITIVOS FITOGENICOS

As plantas produzem um grande numero de metabolitos secundarios ou
fitoquimicos, que sdo importantes para a fisiologia vegetal. As plantas usam a maioria desses
compostos como um mecanismo de defesa contra microrganismos e outros predadores
(SULTANBAWA, 2011). Oleos essenciais, terpendides, compostos fenélicos, polipeptidios,
alcaloides e poliacetilenos sé@o os principais fitoquimicos presentes nas plantas (COWAN,
1999).

Os aditivos alimentares fitogénicos séo produtos derivados de plantas
utilizados na alimentacdo animal para melhorar o desempenho. Uma grande variedade de
compostos fitogénicos podem ser classificados de acordo com sua origem (ervas e especiarias)
e processamento (Oleos essenciais e oleorresinas), sendo o0s principais 0s 6leos essenciais
(WINDISCH et al., 2008).

Os aditivos alimentares fitogénicos podem ser incluidos entre os suplementos
que visam afetar positivamente a qualidade dos alimentos, a saude dos animais, bem como o0s
produtos animais, por meio de seus principios ativos especificamente eficazes (KARASKOVA;
SUCHY; STRAKOVA, 2016). O uso de aditivos fitogénicos na racio de animais de producéo
tem sido interesse crescente para inclusdo em alimentos para animais, principalmente como
substituto de antibidticos promotores de crescimento (LUCKSTADT; JONES; NIES, 2005).

2.5.1. Oleos Essenciais

Os 0leos essenciais (OE) ou também chamados 06leos volateis ou etéreos séo
liquidos oleosos aromaticos, obtidos a partir de material vegetal (flores, brotos, sementes,
folhas, cascas, ervas, madeira, frutas e raizes). Podem ser obtidos por diversos processos, mas

0 método de destilacdo a vapor € 0 mais comumente usado para producdo comercial destes
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compostos (BURT, 2004). Os OE constituem o que é chamado de "esséncia” de uma planta e
geralmente tém fragrancias agradavelmente perfumadas (AMORATI; FOTI; VALGIMIGLLI,
2013). Cerca de 3000 OE sao conhecidos, dos quais cerca de 300 sdo comercialmente
importantes e destinados principalmente ao mercado de sabores e fragrancias (VAN DE
BRAAK; LEIJTEN, 1999).

Os principais componentes ativos antimicrobianos dos OE sdo fendis,
terpenos e aldeidos (CEYLAN; FUNG, 2004), mas os componentes fendlicos sdo os principais
responsaveis pelas propriedades antibacterianas dos EO (COSENTINO et al., 1999).
Considerando o grande nimero de diferentes grupos de compostos quimicos presentes em OE,
é provavel gue sua atividade antibacteriana ndo seja atribuivel a um mecanismo especifico
(BENTO et al., 2013). Estudos “in vitro” também sugerem que a combinagdo de OE tem um
efeito antibacteriano maior do que os OE individualmente, indicando uma agéo sinérgica desta
associacdo (BURT, 2004).

Uma caracteristica importante dos OE e de seus componentes é a sua
hidrofobicidade, o que lhes permite interagir com os lipidios da membrana celular bacteriana e
das mitocondrias, comprometendo sua integridade e funcdo, tornando-as mais permeaveis e
edemaciadas (SIKKEMA; DE BONT; POOLMAN, 1994; BENTO et al.,, 2013). Essas
alteracGes resultam em inibicdo das enzimas respiratorias e dissipagdo parcial do gradiente de
pH e potencial elétrico, mais o esgotamento do grupo ATP, o que acabara por levar a morte
celular (DI PASQUA et al., 2007)

Comumente os OE que conttm uma alta porcentagem de compostos
fendlicos, como o carvacrol, eugenol e timol, possuem as propriedades antibacterianas mais
fortes contra os agentes patogénicos transmitidos por alimentos (LAMBERT et al., 2001). A
composicdo de OE de uma determinada espécie de planta pode variar entre as estacGes de
colheita e entre fontes geogréaficas (CEYLAN; FUNG, 2004). Geralmente, os OE produzidos a
partir de ervas colhidas durante ou imediatamente ap6s a floracdo possuem a maior atividade
antimicrobiana (MARINO; BERSANI; COMI, 1999). A composicéo de OE de diferentes partes
da mesma planta também pode apresentar variacdes consideraveis (DELAQUIS, 2002).

O carvacrol € um dos principais componentes dos 6leos de orégano e tomilho,
e o timol é estruturalmente muito parecido ao carvacrol, tendo o grupo hidroxilo em um local
diferente no anel fendlico (LAMBERT et al., 2001; BURT, 2004). Ambas as substancias
parecem tornar a membrana celular bacteriana permeavel (LAMBERT et al., 2001). Séo

capazes de desintegrar a membrana externa de bactérias Gram-negativas, liberando
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lipopolisacarideos (LPS) e aumentando a permeabilidade da membrana citoplasmatica para
ATP (ULTEE; BENNIK; MOEZELAAR, 2002; BURT, 2004).

Dentro do grupo dos 6leos, o carvacrol e o timol apresentam uma grande
perspectiva de substituir os antibidticos. Desses, 0 mais efetivo é o carvacrol, que atua em
leveduras, fungos e microrganismos Gram positivos e Gram negativos, com amplo espectro
antibacteriano (SUZUKI; ELIAS; SILVA, 2008). Vérios estudos em sistemas de modelos de
cultura revelaram a atividade bacteriostatica ou bactericida do carvacrol e do timol em agentes
patogénicos como: Escherichia coli, Salmonella typhimurium, Staphylococcus aureus, Listeria
monocytogenes e Bacillus cereus (COSENTINO et al., 1999; LAMBERT et al., 2001; ULTEE;
BENNIK; MOEZELAAR, 2002).

O eugenol é um componente principal (aproximadamente 85-90%) do 6leo
de cravo (SURBURG; PANTEN, 2006). Estudos mostraram suas propriedades antimicrobianas
tanto como bacteriostatico como bactericida sobre S. typhimurium, E. coli, Listeria
monocytogenes, Candida albicans e Campylobacter jejuni (SMITH-PALMER; STEWART;
FYFE, 1998; HAMMER; CARSON; RILEY, 1999).

O carvona é produzido principalmente por extracdo e purificacdo de dleos
essenciais de sementes de alcaravia, aneto e horteld (SURBURG; PANTEN, 2006). Estudo
afirma que a taxa de crescimento especifico de E. coli, Streptococcus thermophilus e
Lactococcus lactis diminui com o aumento das concentragdes de carvona (OOSTERHAVEN;
POOLMAN; SMID, 1995). Porém, um outro estudo desmostrou que o carvona era ineficaz na
membrana externa de E. coli e S. typhimurium (HELANDER et al., 1998).

O cinamaldeido €é o principal componente do 6éleo de céassia ou canela-chinesa
(aproximadamente 90%) e do Gleo da casca de canela do Sri Lanka (aproximadamente 75%), e
na natureza, o isébmero trans é predominante (SURBURG; PANTEN, 2006). O cinamaldeido é
conhecido por ser inibidor do crescimento de E. coli e S. typhimurium em concentra¢des
semelhantes ao carvacrol e timol (HELANDER et al., 1998). Varios estudos que avaliaram a
atividade antibacteriana dos OE ou de seus componentes em alimentos demostraram que o 6leo
de canela é um agente antibacteriano eficaz contra Streptococcus thermophilus, Lactobacillus
bulgaricus, Pseudomonas putida e Salmonella spp. (BAYOUMI, 1992; OUATTARA,
SABATO; LACROIX, 2001; WEISSINGER; MCWATTERS; BEUCHAT, 2001).

A maioria dos estudos que pesquisam a acdo dos OE contra microrganismos
decompositores de alimentos e patdgenos concordam que geralmente as bactérias Gram-
positivas sdo mais susceptiveis a acdo dos OE que as bacterias Gram-negativas (JULIANO;
MATTANA; USAI, 2000; LAMBERT et al., 2001; DELAQUIS, 2002). Quanto aos
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microrganismos Gram-negativos, espera-se que estes sejam menos suscetiveis a agdo de
antibacterianos, pois possuem uma membrana externa que envolve a parede celular, o que
restringe a difusdo de compostos hidrofobicos através da cobertura de lipopolissacarideos (BEN
HSOUNA et al., 2017). Pelo contrario, aproximadamente 90-95% das paredes celulares das
bactérias Gram-positivas sdo compostas por peptidoglicano, o que permite facilmente a entrada
de moléculas hidrofébicas nas células (NAZZARO et al., 2013).

Na suinocultura, considerando que as recentes limitacbes do uso de
antibidticos agravam os desafios para o leitdo durante o periodo critico ap6s o desmame
(MICHIELS et al., 2010), muitas estratégias foram desenvolvidas para melhorar a saude
intestinal e o desempenho de leitdes recém-desmamados. Os produtos baseados em OE e
extratos de plantas estdo entre as opg¢bes mais interessantes para a substituicdo da AGP
(MICHIELS et al., 2010; LI et al., 2012).

Os OE foram cientificamente reconhecidos como aditivos para o
desenvolvimento de potenciadores do crescimento para os leitdes desmamados (FRANKIC et
al., 2009; FRANZ; BASER; WINDISCH, 2010; ZENG et al., 2015b). Em outros estudos onde
foram testadas dietas de leitdes recem desmamados suplementadas com OE, foi verificado que
a digestibilidade da matéria seca, da proteina bruta e da energia aumentou nos tratamento com
extratos vegetais em relacdo aos animais controles (OETTING et al., 2006; ZENG et al.,
2015a).

Em suino, estudos investigaram o efeito de complementos dietéticos na
morfologia intestinal (proliferacédo, profundidade de criptas, altura de vilosidades, proporcéo de
altura das vilosidades: profundidade da cripta) como um indicativo de salde animal
(BRUNSGAARD, 1998; JIANG et al., 2000; WHITE et al., 2002). No entanto, a literatura
apresenta resultados discordantes quanto ao uso de OE como aditivos para melhora da
morfologia intestinal. Existem estudos in vivo, que mostram tanto aumento como reducéo na
altura das vilosidades e na profundidade das criptas no jejuno e no célon de leitGes alimentados
com OE (MANZANILLA et al., 2006; LI et al., 2012; ZENG et al., 2015a).

Algunos estudos com leitdes desmamados suplementados com diferentes
combinacbes de OE, apresentaram efeitos variaveis sobre o desempenho e a atividade
antimicrobiana (ZHANG et al., 2012; MELO et al., 2014; CAIRO et al., 2018). Isso pode estar
relacionado as diferentes concentracbes dos componentes ativos dos produtos testados, bem
como a sua estabilidade na alimentagdo e/ou no trato digestorio, do mesmo modo, a evaporagao
do produto na alimentacdo também pode contribuir para a diferenca no seu efeito biolégico (LI
etal., 2012).
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Além disso, foi demostrado que os OE durante o periodo de crescimento tém
maior eficacia que no periodo de terminacdo sobre os parametros de desempenho (YAN et al.,
2010). Esta menor eficacia durante este periodo pode estar relacionada ao sistema digestério
mais desenvolvido, imunidade eficiente e maior resisténcia aos distarbios intestinais (LI et al.,
2012).

Finalmente, pelo fato de serem hidrofdbicos, alguns autores sugerem que a
atividade antimicrobiana dos OE pode ser dificil de observar quando sdo testados “in vivo”
porque sdo absorvidos rapidamente pelo animal (KOHLERT et al., 2000; MICHIELS et al.,
2008; DE LANGE et al., 2010). E provavel que a absor¢ao rapida dos 6leos reduza tanto suas
concentra¢Bes no lumen, como o contato entre o 6leo e as células bacterianas, diminuindo
consequentemente sua eficacia. Essas observacdes sugerem que os OE precisam de protecdo
para agirem nas partes finais do GIT para exercer sua atividade antimicrobiana (DE LANGE et
al., 2010). A microencapsulacdo pode ser uma alternativa importante para se atingir este
objetivo (DE LANGE et al., 2010; Ll et al., 2012).

Os OE, além dos efeitos antibacterianos, apresentam outros efeitos benéficos
especificos como: antifungicos (HSU; CHANG; CHANG, 2007; CHENG et al., 2008),
antivirais (BISHOP, 1995; GARCIA et al., 2003), antitoxigénicos (ULTEE; SMID, 2001;
JUGLAL; GOVINDEN; ODHAV, 2002) antiparasitarios (REMMAL et al., 2011) |,
antioxidantes (VIUDA-MARTOS et al., 2010; AMORATI; FOTI; VALGIMIGLI, 2013), e
propriedades inseticidas e repelentes (KORDALI et al., 2008; BENTO et al., 2013).

2.6 COMBINACAO DE OLEOS ESSENCIAIS E ACIDOS ORGANICOS

As misturas sinérgicas de antimicrobianos sdo muito procuradas, ndo sé por
uma possivel faixa espectral mais ampla, mas também por apresentar menor toxicidade e custos
(AKSIT et al., 2006). Existe um interesse crescente de investigar o potencial sinérgico ou efeito
aditivo da combinacdo de OE com outros aditivos alimentares, incluindo &cidos organicos,
probidticos, prebiodticos e enzimas, particularmente nos ensaios de alimentacdo sem AGP
(BOZKURT et al., 2012).

Existem varios estudos demonstrando os efeitos antibacterianos de aditivos a
base de OE e AO, especialmente sobre as bactérias Gram negativos (SOUZA et al., 2009;
HULANKOVA; BORILOVA, 2011). Os mecanismos do efeito antimicrobiano sinérgico da
combinacdo de OE e AO ainda nédo sdo claros. No entanto, € bem conhecido que os fendis no

OE podem comprometer a permeabilidade da membrana celular bacteriana, aumentando assim
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a susceptibilidade das bactérias aos &cidos organicos, levando a morte da bactéria (OMONIJO
etal., 2017; XU et al., 2018). Além disso, a hidrofobicidade de um éleo essencial é aumentada
em pH baixo, permitindo a passagem mais facil através dos lipidios da membrana celular
bacteriana (OMONIJO et al., 2017).

Estudos recentes indicam que a adi¢do de uma combinacgédo de AO e OE na
dieta de leitdes desmamados proporciona um possivel efeito sinérgico, especialmente no
desempenho produtivo (CHO; KIM, 2015; XU et al., 2018). Ou seja, OE e os AO proporcionam
mais beneficios quando combinados que quando administrados individualmente (BOZKURT
etal., 2012). No entanto, este efeito sinérgico sobre a satde intestinal ndo é maior do que quando
fornecida individualmente (XU et al., 2018).

Além disso as misturas de OE e AO sdo geralmente reconhecidas como
seguras, sendo completamente biodegradaveis e ndo deixando residuos. Portanto, ndo requerem
tempo de retirada, assim como também apresentam fécil preparo ao longo da cadeia produtiva
de alimentos para animais (LUCKSTADT; JONES; NIES, 2005).
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3. OBJETIVOS

3.1 OBJETIVO GERAL

Avaliar os efeitos de uma mistura de dleos essenciais e acidos organicos sobre a homeostase
dos tecidos com énfase na integridade intestinal de leitdes expostos ao desafio com Escherichia

coli enterotdxica, como uma alternativa possivel a medicacdo preventiva com antibioticos.

3.2 OBJETIVOS ESPECIFICOS

e Caracterizar os efeitos dos produtos colistina e da mistura de 6leos essenciais e acidos
organicos sobre a morfologia do intestino, figado, linfonodo mesentérico, baco, rim e

pulméao nos leitdes expostos a E. coli.

e Comparar os efeitos dos produtos testados sobre a morfologia e morfometria intestinal

e demais orgaos em leitdes expostos a E. coli enterotoxica.

e Avaliar os efeitos dos produtos testados sobre o estresse oxidativo do jejuno, ileo e

figado.
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4. ARTIGO A

EFFECTS OF A BLEND OF ORGANIC ACIDS AND CINNAMON ESSENTIAL OIL
ON INTESTINAL HOMEOSTASIS OF PIGLETS EXPOSED TO ENTEROTOXIC
Escherichia coli (ETEC)

ABSTRACT- Organic acids and essential oils have a long history of use in pig feeding
as alternatives to antibiotic growth promoters. However, their interactive effects on the
intestinal integrity and other tissues have been few investigated. Therefore, the aim of
this study was to assess the impact of a commercial blend (CB) of organic acids and
cinnamon essential oil on the intestinal integrity of piglets exposed to challenge with
enterotoxic Escherichia coli, as a possible alternative to preventive medication with
antibiotics. Thirty weaned piglets from 21 days old with a body weight of 6.06 + 0.25
kg were used in a 19-d experiment. Pigs were subject during seven days to a standard
diet and then were allotted to five dietary treatments, using six replicates per treatment.
Dietary treatments were: 1) control: basal diet free of challenge and challenged
treatments: 2) Escherichia coli, basal diet without additives; 3) colistin, basal diet
supplemented with 200 mg/kg of colistin + E. coli; 4) commercial blend (CB) 1, basal
diet with 1 kg CB/ton + E. coli; and 5) CB2, basal diet with 2 kg CB/ ton + E. coli. Seven
days after the beginning of the treatment the animals were orally challenged with 5ml
of an enterotoxic strain (1,1x10° CFU/mL) of E. coli K88 for pigs. Five days after the
challenge, the animals were euthanized for sampling of jejunum and ileum for
histological, morphometric and oxidative stress analysis. The histological sections
were analyzed to determine the lesion score, villi height (VH), crypt depth (CD), number
of inflammatory cells and goblet cells density. Oxidative stress analysis was evaluated
by spectrophotometric assays. The reduced glutathione (GSH), ferric-reducing ability
potential (FRAP) and free-radical scavenging ability (ABTS) assays were used to
evaluate the intestinal antioxidant defense. Lipid peroxidation and superoxide anion
production were evaluated through the levels of thiobarbituric acid-reactive substances
(TBARS) and nitroblue tetrazolium (NBT) reduction assay, respectively. Data were
submitted to analysis of variance and Tukey test considering p<0.05. Animals fed the
CB (1 and 2) and colistin diets presented a decrease (P<0.05) on histological changes
on the intestine. Morphometry indicated greater villus height and higher VH:CD ratio in
animals of the CB2 compared to E. coli group, but these results did not differ from the
animals supplemented with colistin. The colistin and CB (1-2) groups decreased
(P<0.05) the number of inflammatory cells (lymphocytes, plasma cells and eosinophils)
in lamina propria in relation to the E.coli group. On the other hand, in jejunum the CB2
treatment increased (P<0.05) intestinal cell proliferation compared to the control and
colistin groups. The commercial blend (especially CB2) supplementation induced a
decrease (P<0.05) in the TBARS and NBT levels in the intestine compared with the
control and E. coli groups. An increase (P<0.05) in GSH and FRAP ileal levels when
compared to E. coli group was also observed. These results show that the inclusion of
commercial blend in the diet, especially at a dose of 2kg / ton (CB2) improved the
intestinal morphology and protected the intestinal mucosa against ETEC oxidative
damage. This blend was efficient to replace colistin and can serve as an alternative to
in-feed antibiotics during the first few weeks post-weaning for pigs.

Key-Words: Colistin, Jejunum, lleum, Intestinal Morphology, Oxidative Stress.
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INTRODUCTION

Piglets are exposed to diverse stress factors during weaning. These may
contribute to intestinal, immunological and behavioral changes, characterized by low
food intake, growth performance or weight loss (Pluske et al., 1997; Partanen et al.,
2007). Furthermore, weaning is associated with post-weaning diarrhea (PWD), which
is generally caused by the proliferation of B-haemolytic strains of enterotoxigenic
Escherichia coli (ETEC) (Pluske et al., 1997). Sub-therapeutic doses of antibiotics as
colistin have showed effectiveness in the treatment of PWD (Rhouma et al., 2017).
However, the risk of drug-resistant bacteria has led to several countries to ban the use
of antibiotics in swine diets (Schwarz et al., 2001). Therefore, many studies have
evaluated the effect of dietary additives on intestinal health and growth performance of

weaned piglets (Thacker, 2013).

Consumption of organic acids and their salts have been shown to enhance the
performance of weaned piglets (Partanen et al., 2007; Braz et al., 2011). Organic acids
have showed antimicrobial activity, because decreasing the pH of the diet and
digestive tract, induce an increase in the population of acid lactic bacteria, creating a
negative environment for the pathogenic microorganism (Tsiloyiannis et al., 2001).
Moreover, the ability of the non-dissociated form of organic acids to penetrate the cell
wall of bacteria and disrupt their normal physiology has been evaluate (G. Papatsiros
and Billinis, 2012). Most studies in pigs have been performed using formic, propionic,
lactic, citric acid or the corresponding salts and, to a lesser extent, butyrate (Manzanilla
et al., 2006). However, formic acid appears to be the most attractive feed additive
because it improves the growth performance of pigs at lower doses than other organic

acids (Partanen et al., 2007; Suiryanrayna and Ramana, 2015).

Essential oils have been recognized as dietary additives for the development of
growth enhancers for weaned piglets (Franz et al., 2010; Zeng et al., 2015). The
essential oils (EO) or also called volatile or ethereal oils are aromatic oily liquids
obtained from plant materials (Yan et al., 2010), through various processes, but the
steam distillation method is the most commonly used (Burt, 2004). Antibacterial activity
of EO is mainly associated to their components such as phenols (carvacrol, eugenol
and thymol), terpenes (a-terpineol, terpinen-4-0) and aldehydes; and also depending

on their concentration in the oil (Ceylan and Fung, 2004). It is well known that EO and
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plant extracts have anti-oxidative effects in animal diets (Baschieri et al.,, 2017).
Several studies evaluating the effect of organic acids and essential oils on performance
showed that they are more effective when combined than when they are administered
individually (Cho and Kim, 2015; Zeng et al., 2015). However, the interactive effect of
these additives on the integrity of the intestinal mucosa (not only on morphometry) has
been few analyzed. Therefore, the aim of this study was to evaluate the effects a
mixture of organic acids and cinnamon essential oil on the intestinal integrity of piglets
exposed toenterotoxic Escherichia coli, as a possible alternative to preventive

medication with antibiotics.

MATERIALS AND METHODS

Animals, diets and experimental design

This experiment was approved by the Ethics Committee on the use of animals
of the State University of Londrina, CEUA Protocol number 13812.2017.19031201386.
A total of 30 piglet were used (half-castrated males and half females). The animals
were weaned at 21 days, with average weights of 6.06 kg (SD 0.25). During seven
days, they received a standard diet. Then, the animals were randomly divided and
subjected to five treatments during 12 days with six repetitions per treatment. Dietary
treatments were 1) Control (basal diet), 2) Escherichia coli (basal diet + challenge with
E. coli), 3) Colistin (basal diet + 200 mg/kg of colistin + challenge with E. coli), 4)
commercial blend (CB) 1 (basal diet + 1 kg CB/ton + challenge with E. coli), and 5) CB
2 (basal diet + 2 kg CB/ton + challenge with E. coli). One kilogram of the commercial
blend guarantees inclusion in the diet of 1.8% of formic acid (ammonium formate),
0.9% acetic acid, 0.45% propionic acid, and 0.35% fumaric acid and 0.04% cinnamon
essential oil. During the trial the piglets received two diets (Table 1), formulated
according their requirements, being represented by pre-starter Il (28 — 38 days old)
and starter | (39 — 40 days old). The piglets were fed ad libitum. The pen’s area had
2.7 m?, linear feeder, nipple drinker, partially slatted floor and the environmental
temperature was controlled by the infrared lamps and by the curtains management.
Seven days after the beginning of the treatment, the animals of all groups except the
control group received orally 5mL (1,1x10° CFU/mL) of the enterotoxic strain of E. coli

K88:LT (rNal, rRif) for swine. Five days after the challenge, all animals (40-day-old)
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were euthanized (electrical stunning followed by cardiac exsanguination). Then
samples of jejunum and ileum were fixed in a buffered solution of formalin 10% for
histological and morphometric analysis. In addition, jejunal and ileal samples were

immediately frozen at -80°C for the stress oxidative analysis
Preparation of the inoculum and inoculation

E. coli strains used in the study were derived from the bacteria bank of the State
University of Londrina (Avian Medicine Laboratory). These strains were recovered from
clinical cases of piglets with PWD. The experiment began with the induction of
resistance in isolates of enterotoxigenic E. coli (K88ab; K88; 987p; paa) to rifampicin
(Rif) and nalidixic acid (Nal). The induction of antimicrobial resistance consists of
cultivating the microorganism in broth and agar in different concentrations of antibiotics
as previously described (Daudelin et al., 2011). The total process to obtain clones of
E. coli resistant took 24 days to complete (12 days - for each antimicrobial). Four
samples of enterotoxigenic E. coli resistant to Nal and Rif were cultured in BHI broth
at 37°C for 24h. The samples were individually cultured and a pool was formed prior
to inoculation. Seven days after the beginning of the treatment, the animals received
orally 5mL of ETEC inoculum containing 1,1x10° CFU/mL (Rhouma et al., 2015). The
inoculum was performed as a single administration. After inoculum, the animals
received 10mL of CaCO3. Both administrations were performed using a syringe
attached to a polyethylene tube. CaCO3 was used to increase bacterial survival in the
stomach and to provide safe transfer of the inoculum into the small intestine (Rhouma
et al., 2015).

Histological assessment

Following fixation, the samples were dehydrated through graded alcohols and
embedded in paraffin wax. Sections (5 um) were stained with haematoxylin—eosin for
histopathological evaluation. The histological sections were analyzed to determine the
lesional score using an adapted method as previously described (Bracarense et al.,
2012). As displayed in Table 2, microscopic observations led to the identification of
different lesions in the intestine, and allowed for establishing a lesional score per
animal. For both the jejunum and the ileum, the minimal score was 0 and the maximal

lesional score was 42 (Table 2). For morphometric analysis, villi height and crypt depth
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were measured randomly on thirty villi using an image analysis system (MOTIC Image
Plus 2.0, Motic Instruments, Richmond, Canada). To evaluate goblet cell density,
sections of the intestine were stained with Periodic Acid-Schiff (PAS). Positively
stained goblet cells were counted randomly in 30 villi and crypts per sample. The
number of lymphocytes, plasma cells and eosinophils was counted randomly based
on morphology on three fields per sample at 40x magnification. The number of mitotic
figures in the intestinal crypts was counted in five fields per slide using 40x

magnification. Each field corresponds to a surface area of 1.5 mm?.

Determination of antioxidant capacity by the reduced glutathione (GSH), ferric-

reducing ability potential (FRAP) and free-radical scavenging ability (ABTS) assays

The GSH intracellular level of samples were evaluated by an adapted method
described previously (Sedlak and Lindsay, 1968). The assay is based on the reaction
of GSH with dithiobisnitrobenzoic acid (DNTB) to form the vyellow derivative
thionitrobenzoic acid (Rahman et al., 2007). The tissues were homogenized in cold
0.02M EDTA buffer using a Tissue Tearor (Bjospec, Sao Paulo, SP, Brazil). After the
addition of 50% trichloroacetic acid (50% w/v), the homogenates were centrifuged
(1,500 xg, 15min). Then, 0.4M Tris-HCI (pH 8.9) and 10mM DNTB were added to the
supernatant and the samples were vortex-mixed. After 5 min, the absorbances of the
samples are read at 412 nm (Multiskan GO Microplate Spectrophotometer,
ThermoScientific, Vantaa, Finland). A standard curve was prepared using different
concentrations of GSH, and other reagents as previously described. The results were

presented as mmols of GSH per milligrams of protein.

The frozen samples were processed and homogenized with 500 uL of 1.15%
KCI, then centrifuged (200 xg, 10min, 4°C) and the supernatant were used in FRAP
and ABTS assays (Pinho-Ribeiro et al., 2015).

The FRAP method is based on the production of Fe?* ion (ferrous form) from
the reduction of the Fe3* ion (ferric form) present in the tripyridyltriazine complex
(TPTZ) by means of antioxidants present in the samples. This assay provides a very
useful ‘total’ antioxidant concentration (Antolovich et al., 2002). For the FRAP assay,
supernatant (15 pL) was mixed with deionized water (45 pL) and freshly prepared
FRAP reagent (200 uL) (Sigma Chemical Co., St. Louis, MO, USA). Then, the mixture
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was incubated for 30 min at 37-C and the absorbance was measured at 595 nm
(Multiskan GO, Thermo Scientific).The ABTS procedure was performed according to
Hohmann et al. (2013), and it is based on the ability of the antioxidants molecules to
reduce the ABTS radical cation (ABTS™). Initially, for the ABTS assay, a ABTS™
solution (Sigma ChemicalCo., St. Louis, MO, USA) was diluted with phosphate buffer
saline at pH 7.4 to reach an absorbance of 0.80 at 730 nm. Then, 200 uL of diluted
ABTS* solution was mixed with the supernatant (15 uL). After 6 min, the absorbance
was measured at 730 nm (Multiskan GO, Thermo Scientific). The results of both
assays were compared with a standard Trolox curve, prepared using different
concentrations (1.5-30 umol/l, final concentrations). The protein levels in the samples
were used for data normalization, and the results were expressed as nmol of Trolox
(Sigma Chemical Co., St. Louis, MO,USA) equivalent per milligrams of protein in both
assays.

Determination of the oxidative response by nitroblue tetrazolium (NBT) and

thiobarbituric acid-reactive substances (TBARS) assays

The superoxide anion production was determined by the reduction of the redox
dye nitroblue tetrazolium (NBT) (Amresco, Solon, OH, USA) (Fattori et al., 2015). The
tissues were homogenized with 500 pL of 1.15% KCI and aliquots of 50 uL of
homogenate were transferred to a 96-well plate. After, the addition of 100 yL of NBT
solution (1 mg/mL) the plates were maintained at 37-C in a warm bath for 1 h. Then,
after removal of the supernatant, the formazan precipitated was solubilized by adding
of 2M KOH (120 uL) and of dimethyl sulfoxide (140 pyL) (DMSO). To measure the
optical density, a microplate spectrophotometer reader (Multiskan GO, Thermo
Scientific) at 600 nm was used. For normalization of the data, the protein levels in the
samples were used and the results were presented as NBT reduction (optical density

[OD] per milligram of protein).

Lipid peroxidation in tissues was assessed by determining TBARS levels using
an adapted method (Guedes et al., 2006). This procedure measures the
Malondialdehyde (MDA) an intermediate product of lipid peroxidation (Fattori et al.,
2017). After, the protein content of the homogenate be removed by addition of

trichloroacetic acid (10%) followed by centrifugation (1,000 xg, 3min, 4°C), the
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thiobarbituric acid (0.67%) was added to precipitate. These mixtures were kept for 15
minutes in a boiling water bath (100°C) and transferred to an ice bath. MDA was
determined by the difference between absorbances at 535 and 572 nm using a
microplate spectrophotometer reader (Multiskan GO, Thermo Scientific). The results
were presented as TBARS (OD A535-A572/mg of protein).

Statistical analysis

For statistical analysis, the results were presented as mean * standard
deviation. They were analyzed for residue normality (Shapiro test) and homogeneity of
variances (Bartlett's test). When both assumptions were met and validated, analysis of
variance (ANOVA) was applied followed by the Tukey test for multiple comparisons,
using treatment as the classification factor. The results were statistically analyzed
considering a 5% significance level, using the statistical software GraphPad Prism 6.01
(GraphPad Software Inc., La Jolla, CA, USA).

RESULTS

Effects of colistin and commercial blend on the histology and morphometry of the

intestine

In the intestine, the main findings observed in all groups were edema of the
lamina propria, mild villi atrophy and fusion and flattening of enterocytes (Fig. 1A-
D).These findings were more severe in the E.coli group with apical necrosis as the
main lesion (Fig.1A). In addition, an increased frequency of bacterial adherence on

enterocytes was verified in this group.

The lesional score of jejunum and ileum was shown in fig. 2A. A significant
decrease (~2.5 fold) in the lesional score was observed in the jejunum of piglets of the
CB1 and CB2 groups when compared to the control and E. coli groups. In the jejunum
a reduction in the frequency of bacterial adherence was observed in the Colistin, CB1
and CB2 groups (17% of bacterial adherence for Colistin and CB1, and 0% for CB2)
compared to the control (50% of bacterial adherence) and E. coli (60% of adherence)
groups (Fig. 3B). In addition, a significant increase (P =0.04) in villi height was
observed in jejunum of piglets exposed to diet with CB2 compared to the E.coli group

(Fig. 4A). On the other hand, a significant decrease (P =0.04) in the crypt depth of pigs
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that receiving the CB2 compared to the E. coli group. (Fig. 4A). Piglets of the Colistin
and CB2 groups showed a significant increase (P =0.006 and P =0.001) in the ratio
villi height:crypt depth compared to the E. coli group (Fig. 4B).

In the ileum, a decrease in the lesional score (P =0.006) was verified in the
Colistin and CB2 groups compared to the E.coli group (Fig. 2B). A reduction in the
frequency of bacterial adherence was observed in the ileum of the CB2, CB1 and
Colistin groups (17% of bacterial adherence for CB1 and Colistin, and 25% for CB2)
compared to the control (40% of bacterial adherence) and E. coli (50% of adherence)
groups (Fig. 3B). In addition, a significant increase in villi height was observed in piglets
of the CB2 group compared to the control (P =0.008), E.coliand CB1 (P =0.001) groups
(Fig. 4A). A significant decrease (P =0.04) in the crypt depth of pigs that receiving the
colistin (COL) compared to the E. coli group (Fig. 4A). Concerning the ratio villi
height.crypt depth in the ileum, piglets fed CB2 and Colistin showed a significant
increase (P=0.001) compared to the E. coli group (Fig. 4B).

No change in the number of goblet cells was observed in the jejunum and ileum
in both villi and crypt region (data not show). In general, a significant increase (P <0.05)
in the number of lymphocytes, plasma cells and eosinophils in both regions was
observed in piglets of the E. coli group when compared to the other treatments (Fig.
5).

Enterocyte proliferation was estimated by counting the number of mitosis figures
in the intestinal crypts. The mean number of mitosis per microscopic field in the jejunum
and ileum was disposed on Table 3. A significant increase (P <0.001) in cell
proliferation was observed in the jejunum of the pigs of the CB2 group when compared

to the control.

Antioxidant capacity and oxidative response in the intestine of piglets fed the

experimental diets

The addition of commercial blend (CB2) in challenged animals induced a
significant reduction (P =0.009 and P =0.01) in the concentration of TBARS and NBT
levels (Table 4) and a significant increase (P <0.001 and P =0.002) in GSH and FRAP

ileal levels when compared to E. coli group. ABTS levels showed a significant decrease
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(P <0.001) in the jejunum of the animals of the Colistin group compared to the control
group, and a significant decrease (P <0.001) in the ileum of the animals of the CB1
group, when compared with the E. coli group. On the other hand, GSH levels in the
jejunum of the pigs of CB2 showed a significant increase (P <0.001) when compared
to the Colistin group. In the ileum of the piglets supplemented with CB2, a significant
increase (P <0.001) in GSH levels compared to the other groups was also observed
(Table 4).

The jejunum and ileum of the animals of the E. coli group showed a significant
increase (P =0.01) in lipid peroxidation (TBARS) compared to control group. Colistin,
CB1 and CB2 supplementation decreased significantly (P <0.01) the jejunal levels of
NBT compared to the control group. The ileal region of the control and E. coli groups
showed a significant decrease (P <0.05) in the levels of GSH and FRAP compared to

the supplemented groups (Table 4).

DISCUSSION

There is a growing awareness about the use of feed medication (antimicrobials
as growth promoters) in livestock diets and the risk of developing cross-resistance of
pathogens to antibiotics, threatening human and animal health (Phillips, 2003). Organic
acids, as well as oils have received much attention in pig production due to their natural
antimicrobial properties and beneficial effects on growth performance (Dorman and
Deans, 2000; Namkung et al., 2004; Partanen et al., 2007; Windisch et al., 2008). The
small intestine plays an important role in the etiology of digestive disorders. The
gastrointestinal tract not only provides for the digestion and absorption of nutrients, but
also acts as a selective barrier protection against harmful antigens, toxins and

pathogens (Lalles et al., 2004).

Organic acids and essential oils act through different mechanisms on the
intestinal tract. Organic acids are known to be able to prevent the colonization and
proliferation of pathogenic bacteria in the intestine (Van Immerseel et al., 2006), exerting
positive actions, such as maintaining organ integrity and promoting mucosal villus height
(Owusu-Asiedu et al., 2003). On the other hand, essential oils can stimulate digestive
secretions (Platel and Srinivasan, 2004) helping intestinal morphological development

(Utiyama et al., 2006). The main histological findings observed in our study were edema
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of the lamina propria, mild villi atrophy and fusion and flattening of enterocytes in all
groups. Villus atrophy is mainly caused by an increased rate of cell apoptosis and
decreased rate of renewal (van der Peet-Schwering et al., 2007). It is important to
highlight that these findings were less severe in the groups that received the commercial
blend when compared to the control groups. A decrease of approximately 2.5 fold of the
intestinal lesional score was observed in the CB1 and CB2 groups compared with the

control and E.coli groups, being very similar to the score of the colistin group.

A reduction in the frequency of intestinal bacterial adherence was also
observed in the jejunum of the animals receiving both the commercial blend and the
antibiotic compared to the other groups. For ETEC to cause intestinal infection, it must
first adhere to the intestinal mucosa using its fimbria its fimbria (Fairbrother et al., 2005),
increasing intestinal permeability, and thus reducing the barrier function (Kiarie et al.,
2008). Our results indicate that the commercial blend of organic acids and cinnamon
essential oil prevented the attachment of pathogenic bacteria to the intestinal mucosa,
thus minimizing its associated damage, which is consistent with the results of intestinal
morphology obtained in this study. It is possible that the decrease in the number of
pathogenic bacteria in the intestine enhances the proliferation of enterocytes resulting

in an improvement of intestinal morphology (Mouréo et al., 2006).

Increase in ileal villus height (VH) was observed in the intestine of the animals
fed the commercial blend (CB2) when compared with E.coli group. Similarly, when
weaned piglets received a mixture of organic acids and essential oils, an increase in
jejunal VH was observed (Callegari et al., 2016; Xu et al., 2018). Longer VH are
frequently used as an indicator of an improved absorptive capacity of the small intestine
and a healthy gut (Pluske et al., 1997). Data regarding the effects of organic acids on
gastrointestinal morphology of weaned piglets are varied. Studies showed diets
supplemented with individual or combined organic acids lead to higher values of VH in
the small intestine of weaned piglets (Bosi et al., 2007; Braz et al., 2011). On the other
hand, other studies reported a reduction of VH after the acid supplementation in
weanling pigs (Manzanilla et al., 2004; Gomes et al., 2007). In addition, no effect with
the use of mixtures of organic acids was also reported (Namkung et al., 2004). These
controversial effects are also found in weaned piglets supplemented with essential oils.
Feeding piglets (3-weeks post-weaning) with a combination of 5% carvacrol, 3%

cinnamaldehyde and 2% capsicum oleoresin increased the VH in the jejunum and ileum
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(Manzanilla et al., 2006; Nofrarias et al., 2006). However, a study conducted by
Kroismayr et al. (2008) showed a tendency of reduced villi length in jejunum and ileum
by essential oils, even though other previous reports showed no change in pigs
(Namkung et al., 2004; Li et al., 2012).

Crypt depth (CD) differences were observed in the jejunum, where the
commercial blend (CB2) treatment decreased the crypt depth compared to the E. coli
group. In addition, crypt depth remained similar in piglets receiving the commercial blend
and colistin. Similar results were reported in previous studies using a mixture of organic
acids and essential oils (Callegari et al., 2016) and herbal extracts plus organic acids
(Namkung et al., 2004) in weaning piglets. In our study, deeper crypts were observed in
the E. coli group, coinciding with shorter villi. It is known that the presence of ETEC can
cause villous atrophy after weaning (McLamb et al., 2013), and this change may be
followed by an increase in the depth of the crypts (Nabuurs et al., 1993). The increase
in crypt depth is compatible with an increase in crypt-cell production rate and an overall
stimulation of cell turn-over in the small intestine that is commonly associated with a
reduced absorptive and digestive capacity (Pluske et al., 1996). The addition of the
organic acid sodium butyrate (butyric acid salt) in the diet of weaned piglets resulted in
an increase in crypt depth (Manzanilla et al., 2004). Furthermore, increases in crypt
depth in the colon and jejunum of rats in response to n-butyric acid infusion have also
been reported (Frankel et al., 1994). On the other hand, other authors found no effect
on crypt depth in bacterially challenged piglets that received a diet supplemented with
calcium formate (Bosi et al., 2007) or essential oils (carvacrol and thymol ) after weaning
(Li et al., 2008).

These discrepant findings on VH and CD may be due to large variations in
experimental methodologies, such as animal ages, sanitary conditions of animals, real
or artificial disease challenge, type and dose of acid or oil used and basal diet.
Therefore, it is quite difficult to compare the data on intestinal morphology in the different
experiments, not only for these experimental variations, but also because there are no
known standards for VH and CD measurements (Heo et al., 2013). In our study, the
reason for the increase in intestinal villus height in pigs fed the CB2 diet compared with
the E. coli group may be partly due to the antimicrobial properties of organic acids and
essential oils. Preventing the proliferation and the attachment of ETEC to the intestinal

mucosa, thus minimizing its associated damage in much the similar manner as
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antibiotics, which is consistent with the intestinal morphology results obtained in the

present study.

The net absorption in the small intestine depends on the VH/CD ratio, because
the enterocytes show a secretory function when they are in the crypt and an absorption
function when they migrate to the villi (Manzanilla et al., 2006). In addition, the renewal
of the intestinal epithelium is a consequence of a dynamic equilibrium between the
production of enterocytes in the crypt and desquamation in the villus (Willing and Van
Kessel, 2007). It is known that decreases in this ratio impair absorption and increases
the diarrhea risk. Thus, the VH/CD ratio is a useful criterion for evaluating intestinal
health and function (Pluske et al., 1997). An increase in VH/CD ratio in the jejunum and
ileum was observed in this study in pigs fed diets with colistin and CB2 when compared
to pigs of the E. coli group. It is interesting to note that the VH/CD ratio values for piglets
assigned to the CB2 treatment were similar to those of the pigs of the colisitin treatment.
Similar findings were reported in two in vivo studies in which dietary supplementation of
an acid and essential oils blend improved the VH/CD ratio in the jejunum in weaned pigs
(Callegari et al., 2016; Xu et al., 2018). A characteristic of ETEC infection is effacing
the intestinal mucosa, which often leads to shorter villi and deeper crypts, thus reducing
the VH/CD ratio (Fairbrother et al., 2005). These might explain why piglets consuming
diet-containing CB2 had VH / CD ratio like those of piglets fed the colistin diet, indicating
that providing CB2 in the diet was able to prevent ETEC from colonizing and damaging

the intestinal mucosa, in much the same manner as in-feed antibiotics.

Epithelial cell proliferation was estimated by counting mitotic figures in intestinal
crypts of the jejunum and ileum. We observed a significant increase in proliferating cells
in the jejunum of the pigs of the CB2 group when compared to the control and colistin
group. Other studies have demonstrated a positive effect on cell proliferation of the
intestinal epithelium in presence of organic acids, particularly fatty acids such as butyric
acid, when these are given orally (Huyghebaert et al., 2011; Bedford and Gong, 2017).
Studies have also reported that intraluminal infusions of short-chain fatty acids exerted
a stimulatory effect on the growth of colonic mucosa in humans (Topping and Clifton,
2001). Concerning essential oils, studies in vitro with intestinal epithelial cell showed no
effect or suppression of cell proliferation (Bimczok et al., 2008; Putaala et al., 2017).
Considering these different modes of action, we hypothesized that the increase in cell

proliferation observed in the groups supplemented with the commercial blend was due
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mainly to the action of organic acids. The beneficial effect of organic acids on intestinal
epithelial cell proliferation could be due not only to their antimicrobial activity producing
changes in the intestinal microbiota (Partanen and Mroz, 1999), but also due to the fact
that organic acids can be used as a source of energy by the epithelial cells of the
intestine stimulating the growth of the intestinal mucosa (J6zefiak et al., 2004). Changes
in gut microbiota can influence the epithelial cell turnover rates, since microbiota is one

of the principal modulators of the epithelial cell activity (Sharma et al., 1995).

The lamina propria is usually populated by resident immune cells, including
plasma cells, T cells and macrophages, which constitute over 60% of the cellular
population in the lamina propria (McGhee et al., 1999). In this study, results indicate a
greater number of inflammatory cells (lymphocytes, plasma cells and eosinophils) in the
lamina propria of the jejunum and ileum of challenged piglets fed without additives (E.
coli group) than in those supplemented with colistin and the commercial blend. It is
known that luminal bacteria can produce changes in epithelial morphology and immune
responses (McCracken and Lorenz, 2001). The number of lymphocytes increases,
showing an adaptation of the gut wall to the high amount of antigen in the lumen
(Rothkotter et al., 1991). The similar results in the number of inflammatory cells in colistin
and commercial blend groups indicate that the challenge with E. coli did not produce an
aggression as severe as in the animals fed no additives. Moreover, this might serve as
direct evidence of a lower need for immune defense activity in the gut due to the

antimicrobial action of colistin, organic acids and essential oils.

Oxidative stress is an important chemical mechanism that leads to biological
damage, which occurs when there is a rise production of reactive oxygen species (ROS)
and the antioxidant system is overwhelmed by this excess (Omonijo et al., 2017). In this
study, commercial blend induced in the intestine a decrease in lipid peroxidation
(TBARS) and anion superoxide accumulation (NBT), in addition to an improvement in
the capacity of antioxidant response (GSH and FRAP) when compared to the E. coli

group.

This data demonstrated that CB supplementation (especially CB2) presented a
protective effect on intestinal tissue reducing oxidative damage induced by bacterial
challenge, mainly through the reduction of lipid peroxidation and to the improving

antioxidant defense systems. Studies have indicated that supplementation in animal
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diets of essential oils, organic acids and their mixtures have antioxidant effects
(Abudabos and Al-Mufarrej, 2015; Tan et al., 2015; Xu et al., 2018). The antimicrobial
effect of organic acids and essential oils, which produces quantitative changes in the
intestinal microbiota, increasing the Lactobacillus group and decreasing E. coli or total
coliforms (Suiryanrayna and Ramana, 2015; Zeng et al., 2015), might also have been
responsible for the reduced concentration of ROS (Wei et al., 2017) and therefore lower
levels of lipid peroxidation. Studies reported that Lactobacillus presents negative
correlations with oxidative stress, by inhibiting ROS production, while, conversely, E.
coli showed a strong positive correlation with intestinal oxidative stress (Sun et al., 2010;
Xu et al., 2014). Our results showed that colistin supplementation produced a decrease
in intestinal oxidative damage, possibly due to its antimicrobial effect (intestinal

microbiota changes) and not through modulation of the resistance to oxidative damage.
Conclusion

The results of the current study suggest that weaned pigs exposed to mixture
of organic acids and cinnamon essential oilat a dose of 2kg / ton (3.6% of formic acid,
1.8 % of acetic acid, 0,9% of propionic acid, 0.7% of fumaric acid and 0.04 of cinnamon
essential oil) has favorable effects on the intestinal integrity, protecting the intestinal
mucosa against ETEC oxidative damage, even in the same or better way than the
antibiotic colistin. Therefore, our study suggests that the blend of organic acids and

essential oils could be used as an alternative to antibiotics for weaning pigs.
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Table 1. Centesimal and nutritional composition of the experimental diets.

Ingredients (%) Pre-starter Il Starter |
Corn 39,94 47,70
Soybean meal 20,06 27,30
Maxi piglets 1 40,00 0,00
Maxi piglets 2 0,00 25,00
Total 100,00 100,00
Nutritional levels

Protein (%) 19,00 19,00
Fat (%) 4,59 3,52
Calcium (%) 0,91 1,00
Phosphorus available (%) 0,46 0,48
Metabolizable energy (Kcal/kg) 3403 3310
Digestible Lysine (%) 1,45 1,35
Digestible Methionine+ Cysteine (%) 0,81 0,75
Digestible Threonine (%) 0,97 0,90
Digestible Tryptophan (%) 0,28 0,26
Total Lactose (%) 9,85 511
Mineral matter (%) 6,45 6,62

1 Levels of guarantee per kg of product Maxi piglets used in the pre-start ration II: Humidity (max) 100.00
g; Crude Protein (min) 154.00 g; Ethereal Extract (min) 73.00 g; Gross Fiber (max) 50.00 g; Mineral
Matter (max.) 300.00 g; Calcium (min / max) 16.00 / 24.00 g; Sodium (min) 8,000.00 mg; Phosphorus
(min) 10.00 g; Lysine (min) 24.00 g; Methionine (min) 7,800.00 mg; Threonine (min) 15.00 g; Tryptophan
(min) 3,300.00 mg; Cobalt (min) 2.00 mg; Iron (min) 142.00 mg; lodine (min) 2.00 mg; Manganese (min)
100.00 mg; Selenium (min) 1.00 mg; Folic Acid (min) 9.00 mg; Choline (min) 1.225,00 mg; Niacin (min)
95.00 mg; Calcium Pantothenate (min) 31.00 mg; Vitamin A (min) 32,000.00 IU; Vitamin B1 (min.) 6.00
mg; Vitamin B12 (min) 96.00 mcg; Vitamin B2 (min) 19.00 mg; Vitamin B6 (min) 9.00 mg; Vitamin D3
(min) 6,400.00 IU; Vitamin E (min) 160.00 IU; Vitamin H (min) 0.60 mg; Vitamin K (min) 6.00 mg. Main
Ingredients: Biscuit Bran (27%), Whole Soybean Extract (9%), Plasma (5%), Bicalcic Phosphate (3%),
Calcitic calcary (2%), Common Salt ), Whey (33%), Milk powder (4%).

2 Levels of guarantee per kg of product Maxi piglets used in the start ration I: Humidity (max) 100.00 g;
Crude Protein (min) 84.00 g; Ethereal Extract (min) 63.00 g; Gross Fiber (max) 50.00 g; Mineral Matter
(max.) 300.00 g; Calcium (min / max) 28.00 / 44.00 g; Phosphorus (min) 15.00 g; Sodium (min) 11.00
g; Lysine (min) 20.00 g; Methionine (min) 4,900.00 mg; Threonine (min) 10.00 g; Cobalt (min) 5.00 mg;
Iron (min) 251.00 mg; lodine (min) 5.00 mg; Manganese (min) 200.00 mg; Selenium (min) 2.00 mg; Folic
Acid (min) 3.00 mg; Choline (min) 2,672.00 mg; Niacin (min) 129.00 mg; Calcium Pantothenate (min)
60.00 mg; Vitamin A (min) 38,000.00 IU; Vitamin B1 (min.) 8.00 mg; Vitamin B12 (min) 129.00 mcg;
Vitamin B2 (min) 25.00 mg; Vitamin B6 (min) 12.00 mg; Vitamin D3 (min) 9,000.00 1U; Vitamin E (min)
807.00 IU; Vitamin H (min) 0.50 mg; Vitamin K (min) 9.00 mg. Main ingredients: Biscuit Bran (33%),
Bicalcic Phosphate (7%), Calcitic calcary (4%), Common Salt (2%), Sugar (19%), Whey (29%).
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Table 2. Establishment of a lesion score — endpoints used to assess histological

lesions.
Tissue Type of lesions (severity Maximal
factor) score
Small intestine  Lymphatic vessel dilation (1) 42
(Jejunum and Cell vacuolation (1)
lleum) Cubic enterocytes (2)

Villus flattening (2)
Villus fusion (1)
Interstitial oedema (2)
Bacterial adherence (2)
Villi apical necrosis (3)

Table 3. Effects on the mean number of mitotic figures on intestinal crypts of pigs

submitted to different treatments.

Mean number of mitosis figures

Jejunum lleum

Control 3.50+0.47°¢ 4.20+0.492
Escherichia coli 4.53+0.522b 4.57+0.342
Colistin + E.coli 4.30+0.37° 4.40+0.442
Commercial blend (1kg) + 4.80+0.402 4.73+£0.372
E.coli (CB1)

Commercial blend (2kg) + 5.10+0.492 4.93+0.482
E.coli (CB2)

Values are expressed as mean + SE. Different superscripts in the same column mean a significant

difference by Tukey test (a > b > c, P < 0.05).



Table 4. Redox status in tissues from piglets fed experimental diets.

GSH FRAP ABTS TBARS NBT
Treatments (nmol/mg protein) (nmol of TROLOX (nmol of TROLOX (OD 535-572/mg (OD/mg protein)
Eq/mg protein) Eqg/mg protein) protein)

Jejunum lleum  Jejunum lleum  Jejunum Illeum  Jejunum Illeum  Jejunum Illeum

Control 31.382% 50.09°¢ 71.902 81.06° 278.12  341.4° 0.77° 0.77° 10.012 11.002°
+1.91 +7.72 +9.18 +6.48 +74.3 +29.8 +0.25 +0.15 +1.05 +1.06

Escherichia coli 33.373 54.07° 76.192  85.54¢ 238.02°  404.22 1.382 1.352 9.18%  11.832
+2.62 5.7 +6.85 +10.95 +32.4 +28.61 +0.45 +0.36 +0.60 +2.39

Colistin + E.coli 31.32> 86.29° 66.012 104.002° 196.6° 354,62 0.70° 0.57° 8.11° 9.812
+2.69 +9.8 +10.5 +7.55 +30.1 +38.3 +0.10 +0.11 +1.14 +1.3

Commercial blend 34.263 75.86° 65.692 89.64° 239.73>  319.4° 0.952 0.74° 8.14>  10.042
(1kg) + E.coli (CB1) +2.99 £3.27 +7.57 +15.34 +25.6 +43.1 +0.27 +0.28 +1.13 +1.43
Commercial blend 36.222 102.32 72.032 111.802 226.32 374.12° 0.82° 0.72° 8.04° 8.83
(2kg) + E.coli (CB2) +2.34 +10.2 +12.1 +6.26 +22.1 +26.2 +0.24 +0.20 +0.69 +1.15

Values are expressed as mean + SE. Different superscripts in the same column mean a significant difference by Tukey test (a > b > ¢, P < 0.05).
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Fig. 1. Jejunum of piglets submitted to different treatments. (A) C
head), HE, 20x; (B) E. coli group with villi apical necrosis (arrow), HE, 20x; (C-D) Colistin and
Commercial blend 2 (CB2) group with preserved morphology with mild villus fusion (arrow head), HE,

20x.
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Fig. 2. Effects of different treatments on the lesional score in the jejunum and ileum of piglets. Values
are means (arbitrary units) with standard errors of the mean (+ SE) represented by vertical bars (n= 6

animals). ab Mean values with unlike letters were significantly different (P<0.05).
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Fig. 3. Effects of colistin and commercial blend (CB1-2) on intestinal bacterial adhesion. Jejunum of E.
coli group piglet with bacterial adhesion (arrow), HE, 20-40x (A). Percentage of intestinal bacterial

adhesion in the different treatments (B).
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Fig. 4. Effects of colistin and commercial blend on jejunum and ileum villi height and crypt depth. Pigs
received a basal diet free of challenge (control) or a basal diet challenged without additives (Escherichia
coli) or a basal diet supplemented challenged with 200 mg/kg of colistin (Colistin) or basal diet
challenged with 1 kg commercial blend /ton or (CB1) or basal diet with 2 kg commercial blend/ ton (CB2).
Values are means height and depth (um) with their standard errors of the mean (= SE) represented by

vertical bars (n=6 animals).a'b Mean values with unlike letters were significantly different (P<0.05).
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Fig. 5. Effects on the number of inflammatory cells in the lamina propria of the jejunum and ileum of pigs
fed with basal diet free of challenge (Control) and basal diets challenged: basal diet without additives
(E. coli), basal diet supplemented with 200 mg/kg of colistin (Colistin), basal diet with 1 kg commercial
blend/ton (CB1), and basal diet with 2 kg commercial blend/ ton (CB2). Values are mean numbers of
inflammatory cells per field (1.5 mm?; n=6 animals), with standard errors of the mean (+ SE) represented

by vertical bars. ab \ean values with unlike letters were significantly different (P<0.05).
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5.ARTIGO B

SYSTEMIC EFFECTS OF A BLEND OF ORGANIC ACIDS AND CINNAMON
ESSENTIAL OIL IN PIGLETS EXPOSED TO ENTEROTOXIC Escherichia coli
(ETEC)

ABSTRACT - Organic acids and essential oils have been used in feeding pigs due to
their beneficial effects on performance, intestinal morphology, and intestinal infections.
However, few studies have evaluated the systemic effect of the combination of organic
acids and essential oils. Therefore, the aim of this study was to evaluate the effect of
a commercial blend (CB) of organic acids and cinnamon essential oil on tissue
homeostasis of piglets exposed to challenge with enterotoxic Escherichia coli. A total
of 30 21-days-old weaned piglets with initial body weight of 6.06 + 0.25 kg were used
in an experiment that lasted 19 days. All pigs were subjected for seven days to a basal
diet and then were allotted to five dietary treatments in a randomized design, using 6
replications per treatment. The treatments consisted of 1) control, basal diet free of
challenge and challenged treatments: 2) Escherichia coli, basal diet without additives;
3) colistin, basal diet supplemented with 200 mg/kg of colistin; 4) CB1, basal diet with
1 kg commercial blend/ton; and 5) CB2, basal diet with 2 kg commercial blend/ ton.
Seven days after the start of the treatments the animals were challenged with 5ml
(1,1x10° CFU/mL) of an enterotoxic strain of E. coli (K88). Five days later, all animals
were euthanized for sampling of liver, mesenteric lymph node, spleen, kidney and lung
for histological analysis. The histological sections were analyzed to determine the
lesional score, which was calculated by considering the degree of severity and the
extent of each lesion. Liver samples were also collected to determine the antioxidant
capacity and oxidative response by spectrophotometric assays. Antioxidant capacity
was determined by the reduced glutathione (GSH), ferric-reducing ability potential
(FRAP) and free-radical scavenging ability (ABTS) assays, while the thiobarbituric
acid-reactive substances (TBARS) and nitroblue tetrazolium reduction (NBT) assays
were used to determine the oxidative response. The means of the data were submitted
to statistical analysis (ANOVA and Tukey’s test) considering P<0.05. The animals that
received the commercial blend (CB 1-2) showed a significant decrease (P<0.05) on
histological changes in the liver, mesenteric lymph node and spleen when compared
to the E. coli group. No marked histological changes were observed in the kidneys and
lungs. The E. coli challenge produced a significant increase in the lesional score in the
liver and mesenteric lymph node, as well as causing hepatic oxidative damage. CB2
supplementation induced a significant reduction (P<0.05) in superoxide anion (NBT)
levels and a decrease (P<0.05) in TBARS concentration in the liver compared to the
E. coli group. The GSH levels remained unchanged, however, a significant increase
(P <0.05) in the FRAP levels was observed in these animals (CB2) when compared to
the colistin group and a significant decrease (P <0.05) in ABTS levels in relation to the
E. coli group. These data show that the inclusion of the commercial blend of organic
acids and cinnamon essential oil (CB1-2) in the diet protects tissues (liver and lymph
node) against damage caused by bacterial challenge.

Key-words: Liver, Spleen, Mesenteric Lymph Node, Colistin, Oxidative Stress.

1. Introduction
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Weaning is a stressful and complex event, characterized by changes in diet and
social and environmental conditions, which profoundly affects piglet health and leads
to declined performance and, in many cases mortality (Le Dividich and Seve, 2000).
These diverse factors have critical consequences on piglet behavior and the
physiology of their immature gastrointestinal tract (GIT) (Lallés et al., 2007). Among
the main gastrointestinal changes that have been associated with weaning are the
small intestine atrophy and reduced villous height, decrease in fluid, nutrient and
electrolyte absorption, increase of permeability to antigens and toxins, and
modifications in intestinal microbiota (Montagne et al., 2007). These changes can be
involved in the etiology of post-weaning diarrhea (PWD) and other enteric infections
(Pluske et al., 1997). The main infectious agent of post-weaning diarrhea in piglets is
enterotoxigenic Escherichia coli (ETEC), being responsible for the death of weaned
pigs (Francis, 2002).

Antibiotics have long been added to starter pig diets to combat diarrhea
problems and enhance growth performance (Kyriakis et al.,, 1999). Colistin, a
polymyxin antibiotic with an activity against gram-negative bacteria is widely used for
the control of PWD in pigs (Kempf et al., 2013). However, given the increase in public
health concerns about the propagation of multiresistant bacteria, there is an urgent
necessity for developing non-antibiotic alternative strategies to control infections
associated with weaning, maintaining at the same time, piglets productivity (Rhouma
et al., 2017). Several alternatives to antibiotics have been proposed to overcome
diarrhea problems at weaning (Seal et al., 2013). Within this group and depending on
its action potential, organic acids and essential oils could be relevant alternatives to

develop an antibiotic-free feeding strategy (Thacker, 2013).

Organic acids (OA) such as formic, propionic, benzoic, fumaric, lactic, and citric
acids present bacteriostatic and bactericidal properties and have been used in
elevated dose in piglet diet (Suiryanrayna and Ramana, 2015). Its antimicrobial activity
Is mainly given by depression of the pH of the diet and the digestive tract, creating a
hostile environment for coliforms bacteria survival (Namkung et al., 2004) and a
promising medium for lactic bacteria (Gong et al., 2008). In addition, due to the ability
of its undissociated form to penetrate the cell wall of bacteria and disrupt normal

physiology makes them effective antimicrobial agents (G. Papatsiros and Billinis,
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2012). Addition of OA or their salts to weaned pig diets have been shown to improved
growth performance (Partanen et al., 2007; Braz et al., 2011), gastrointestinal health
(Heo et al., 2013), and reduction in the incidence and severity of diarrhea (Tsiloyiannis
et al., 2001). It has been reported that the use of OA in the feed reduces the the
concentration of hydroxyl radicals in serum of weaned piglets (Long et al., 2018).
Moreover, OA could promote the development of intestinal morphology in weaned
piglets by reducing the digesta pH values and maintaining the microbiota balance (Diao
et al., 2014).

Plants produce many secondary metabolites or phytochemicals, which are
important for the correct functioning of the plant. Plants use most of these compounds
as a defense mechanism against microorganisms, and other predators (Sultanbawa,
2011). Essential oils (EO), terpenoids, phenolic compounds, polypeptides, alkaloids,
and polyacetylenes are the main phytochemicals present in plants (Cowan, 1999). EO
also called volatile are a complex mixture of natural compounds obtained from aromatic
plants by various processes, but the method most used commercially is steam
distillation (Burt, 2004). EO have two main classes of compounds, terpenes (eg, thymol
and carvacrol) and phenylpropenes (eg, eugenol and cinnamaldehyde) (Omonijo et al.,
2017). It has been recognized that EO have antimicrobial, antiviral, antimycotic,
antitoxigenic, antiparasitic, anti-inflammatory, antioxidative and insecticidal properties
(Burt, 2004; Reichling et al., 2009; Omonijo et al., 2017). The antibacterial property of
essential oils and their components is mainly given by their hydrophobicity, which allows
them to divide in the lipids of the bacterial cell membrane and making it more permeable,
leading to death (Burt, 2004). Several studies have shown the beneficial effects of EO
on the performance of poultry and pigs (Zeng et al., 2015), as well as antioxidant effects
(Amorati et al., 2013).

Recently, some reports have indicated that the addition of a combination of OA
and EO in the diet of weaned piglets provides a possible synergistic effect, especially
on productive performance (Cho and Kim, 2015; Xu et al., 2018). These studies focused
mainly on performance, digestibility of nutrients, digestive enzymes activity, and
intestinal morphology; in summary, on intestinal health. There are no studies in weaned
piglets that evaluating the effects of the combination of OA and EO on other organs,

especially in immunologically challenged piglets. Therefore, this experiment was
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conducted to evaluate the systemic effects of a blend of organic acids and cinnamon

essential oil on piglets exposed to a challenge with enterotoxic Escherichia coli.

2. Materials and methods
2.1. Experimental design and diets

Twenty-one-day-old piglets (n=30, half females and half-castrated males) with
an average weight of 6.06 kg (SD 0.25) were housed in pens with nipple drinkers, linear
feeders, partially slatted floor and environmental temperature controlled by the infrared
lamps and by the curtains management. Throughout the trial, the piglets received three
rations (Table 1), formulated to meet the minimum requirements, being defined as
follows: pre-initial Il (28 — 38 days old), initial | (39 — 40 days old). The animals were
fed ad libitum as dry meal. During the first seven days, they received a standard diet.
Then, the piglets were randomly divided and subjected to one of five dietary treatments
(6 replicates per treatment) for 12 days. The dietary treatments were 1) control, basal
diet free of challenge and challenged treatments; 2) Escherichia coli, basal diet without
additives + E. coli; 3) colistin, basal diet supplemented with 200 ppm of colistin + E.
coli; 4) CB1, basal diet with 1 kg commercial blend/ton + E. coli; and 5) CB2, basal diet
with 2 kg commercial blend/ ton + E. coli. One kilogram the commercial blend ensured
inclusion in the diet of 1.8% of formic acid, 0.9% of acetic acid, 0.45% of propionic acid,
0.35% of fumaric acid and 0.04% of cinnamon essential oil. Seven days after starting
the treatment, the animals of all groups except the control group received in the oral
cavity 5 mL of a bacterial suspension (1,1x10° CFU/mL) of enterotoxic strain of E. coli
K88:LT (rNal, rRif). Five days after the bacterial challenge, the animals were stunned
using electric current provided by a device (Petrovina® IS 2000) with two electrodes
and then exsanguinated. Samples of liver, mesenteric lymph node, spleen, kidney and
lung were collected for histological analysis and determination of lesional score. Liver
samples and frozen at -80°C were also collected for analysis of the oxidative stress
response. This investigation was approved by the Ethics Committee on the use of
animals of the State University of Londrina, CEUA Protocol number 13812.2017.19

2.2. Preparation of the inoculum and inoculation
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The ETEC strains were originally obtained from the bacteria bank of the
Avian Medicine Laboratory of the Universidade Estadual de Londrina. The strains were
isolated from clinical cases of piglets with post-weaning diarrhea. The inoculum was
produced in several steps as previously described (Daudelin et al., 2011), which were:
(i) induction of resistance in isolates of E. coli (K88ab; K88; 987p; paa) to rifampicin (Rif)
and nalidixic acid (Nal); (ii) incubating the resistant ETECs in BHI broth at 37°C for 24h
and then a pool formed before inoculation; and (iii) determination of viable ETEC
numbers by serial dilution and plate count on McConkey agar (100 pyg/mL Nal/Rif).
Seven days after the starting of the treatment, the piglets received a single oral
administration of 5 ml of ETEC inoculum (1.1x109 CFU/mL). After the inoculum, to rise
bacterial survival in the stomach and to provide a safe passage from the inoculum to the

small intestine the animals received 10mL of CaCO3 (Rhouma et al., 2015).

2.3. Histological assessment

After the euthanasia, samples of liver, kidney, lung, spleen and mesenteric
lymph nodes were fixed in a 10% buffered formalin solution. The tissue fragments fixed
in formalin 10% were dehydrated through graded alcohols and embedded in paraffin
wax. Sections of 5 um were stained with haematoxylin—eosin for histopathological
evaluation. A lesional score was designed to compare histological changes. As shown
in Table 2, histopathological analysis led to the identification of different lesions and
allowed to establish a lesional score per animal. Based on two adapted method as
previously published (Gerez et al., 2015; Grenier et al., 2011), the lesional score was
calculated considering the degree of severity (severity factor) and the extent of each
lesion (intensity or observed frequency, scored from 0 to 3). For each lesion, the score
of the extent was multiplied by the severity factor. The tissue score was then obtained
by the sum of each lesion score. For each tissue, the minimal score was 0 and the
maximal lesional score was 36 for spleen, 33 for liver, kidney and lymph nodes, and

21 for lung (Table 2). The means of lesional score were utilized for statistical analysis.

2.4. Determination of antioxidant capacity by the reduced glutathione (GSH), ferric-
reducing ability potential (FRAP) and free-radical scavenging ability (ABTS)

assays
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The GSH assay is a spectrophotometric method that measures glutathione
levels in tissue samples. This assay is based on the reaction of glutathione (GSH) with
5,5'-dithio-bis(2-nitrobenzoic acid) (DTNB) to form the yellow derivative 5'-thio-2-
nitrobenzoic acid (TNB) (Rahman et al., 2007). The rate of formation of TNB is
proportional to the concentration of GSH in the sample. The tissues were processed
following an adapted method described previously (Sedlak and Lindsay, 1968). The
frozen liver samples were homogenized in cold EDTA (0.02M). The homogenate was
treated with trichloroacetic acid (50% w/v) and centrifuged (1,500 xg, 15min). After
centrifugation, Tris-HCI| (0.4 M, pH 8.9) and DNTB (10mM) were added to the
supernatant and the samples were vortex-mixed. The absorbances of the samples are
read at 412 nm (Multiskan GO Microplate Spectrophotometer, ThermoScientific,
Vantaa, Finland), after 5 min. Using different concentrations of GSH and other
reagents mentioned above, a standard curve was prepared. The results were

presented as mmols of GSH/milligrams of protein.

The frozen tissues were processed and homogenized with KCI (500 pL, 1.15%),
and then centrifuged (200 xg, 10min, 4 ° C). The resulting supernatants were used to
evaluate the total antioxidant capacity by FRAP and ABTS assays (Pinho-Ribeiro et
al., 2015). The FRAP procedure is an automated test measuring the ferric reducing
ability of plasma, and it is presented as a widely used method for assessing
“antioxidant power” (Antolovich et al., 2002). For the FRAP assay, 15 uL of supernatant
was mixed with deionized water (45 pL) and newly prepared FRAP reagent (200 uL)
(Sigma Chemical Co., St. Louis, MO, USA). Then, the reaction mix was incubated for
30 minutes at 37 °C, and the absorbance was measured at 595 nm. (Multiskan GO,

Thermo Scientific).

The ABTS procedure was performed according to a previously described
method and it is based on the capacity of the antioxidants molecules to decrease the
ABTS radical cation (ABTS*) (Hohmann et al., 2013). For the ABTS assay, the ABTS*
solution (Sigma ChemicalCo., St. Louis, MO, USA) was diluted with phosphate buffer
saline at pH 7.4 to reach an absorbance of 0.80 at 730 nm. Subsequently, 200 ul of
diluted ABTS solution was mixed with 15 ul of the supernatant. The absorbance was
measured after 6 min at 730 nm (Multiskan GO, Thermo Scientific). A standard curve

was prepared using different concentrations of Trolox (1.5-30 pmol/L, final



79

concentrations) to compare the results of both assays. The protein levels in the
samples were used for data normalization, and the results were expressed as nmol of

Trolox equivalent/milligrams of protein.

2.5. Determination of the oxidative response by nitroblue tetrazolium (NBT) and

thiobarbituric acid-reactive substances (TBARS) assays

The NBT reduction (Amresco, Solon, OH, USA) was used to determine the
production of anion super oxide (Fattori et al., 2015). The samples were homogenized
with 1.15% KCI (500 pL). Then, aliquots of 50 yL of homogenate were transferred to a
96-well plate, followed by the addition of 100 pL of NBT solution (1 mg/mL), and
incubated in a warm bath for 1 h at 37-C. The supernatant was removed and the
reduced formazan solubilized by adding of 2M KOH (120 pL) and of dimethyl sulfoxide
(140 uL) (DMSO). Microplate spectrophotometer reader (Multiskan GO, Thermo
Scientific) at 600 nm measured the optical density. The protein levels in the samples
were used for data normalization, thus the results were expressed as NBT reduction

(optical density [OD]/milligram of protein).

Hepatic lipid peroxidation was assessed by determining TBARS levels using an
adapted method (Hohmann et al., 2013). TBARS method measures Malondialdehyde
(MDA) an intermediate product of lipid peroxidation (Antolovich et al., 2002). For
TBARS assay, frozen samples were homogenized as described above. To precipitate
protein, the homogenate was treated with freshly prepared trichloroacetic acid (10%)
and thiobarbituric acid (0.67%) followed by centrifugation (1,000 xg, 3min, 4°C). The
mixture was kept for 15 min in a boiling water bath (100°C) and then the supernatant
was removed to determine MDA. MDA was measured by the difference between
absorbances at 535 and 572 nm using a microplate spectrophotometer reader
(Multiskan GO, Thermo Scientific). The results were expressed as TBARS (OD A535-
A572/mg of protein).

2.6. Statistical analysis

The results were presented as mean + standard deviation. They were analyzed
for homogeneity of variances (Bartlett's test) and residue normality (Shapiro test).

Then, analysis of variance (ANOVA) was applied followed by a test for multiple
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comparisons (Tukey test). Data were analyzed using the statistical software GraphPad
Prism 6.01 (GraphPad Software Inc., La Jolla, CA, USA). A probability level of P <0.05

was considered significant.

3. Results
3.1. Effects of colistin and commercial blend on the liver

In the liver, a significant increase (3 fold, P <0.001) in the lesional score was
observed in pigs receiving only the bacterial inoculum (E. coli group) compared to the
other groups (Figure 1A.). The main histological changes were vacuolization of
hepatocytes and lymphocytic infiltrate (Figure 1B-D.).

3.2. Effects of colistin and commercial blend on the mesenteric lymph nodes and the

spleen

In the mesenteric lymph nodes, a significant decrease (P <0.001) in the lesional
score was observed in the groups that received the additives compared to animals of
E. coli group (Figure 2A.). Changes were verified in all groups, macrophage activation
in medullary sinuses (Figure 2B-D.) and subcapsular eosinophilic infiltrate are among
the main histological changes. In the spleen, a significant decrease in the lesional
score was in the pigs that received the commercial blend (CB2) when compared to the
control, E. coli and colistin groups (P <0.001, P <0.0001 and P <0.05, respectively)
(Figure 3A.). A significant increase (P <0.001) was observed in the piglets of CB1
group in relation to the E. coli group. Animals exposed to colistin had no effect
compared to E. coli group. The main findings were hyperplasia of lymphoid follicles in
both control and E. coli groups (Figure 3B.). Mild neutrophil infiltrate was observed in

all groups.

3.3. Effects of colistin and commercial blend on the kidney

In the kidney, there were no significant differences between the groups on the
lesional score (Figure 4A.). Discrete changes were verified in all groups. The main
histological changes were cytoplasmic vacuolization of tubular cells and congestion.
Cytoplasmic vacuolization was slightly more accentuated in the colistin group (Figure
4B-D.).



81

3.4. Effects of colistin and commercial blend on the lung

In the lung, no significant difference was observed between the groups.
Interstitial pneumonia and slight intra-alveolar edema were the main histological
changes observed in all groups, being more accentuated in the E. coli group. Another

histological change frequently observed was vascular congestion (Figure 5).

3.5. Antioxidant capacity and oxidative stress in liver of piglets fed the experimental

diets

Significant reductions of TBARS, NBT and ABTS (P <0.001, P =0.0001 and P
<0.01, respectively) were observed in the animals that received the commercial
mixture (CB2) compared to the E. coli group. CB1 supplementation also significantly
decreased the TBARS and NBT levels (P <0.05 and P <0.0001, respectively) when
compared to E. coli group. The levels of GSH remained unchanged. In addition, the
liver of animals fed CB2 diet showed a significant increase (P <0.01) of FRAP levels
when compared to colistin group (Figure 6). Significant increases (P <0.05, for both) in
the levels of TBARS and NBT were observed in the animals of the E. coli group

compared to the control group.

4. Discussion

The liver as the most important metabolic organ, main detoxification site and
primary defense line against microbes and toxins crossing the intestinal barrier, can be
injured by immune challenges (Masaki et al., 2004). Although the intestine is the
preferential site in which ETEC-induced toxicity develops (Sun and Kim, 2017), ETEC
infections also affect liver tissue, probably associated to increased oxidative stress,
resulting in structural damage and cellular injury (Deng et al., 2016). These lesions are
mainly attributed to lipopolysaccharides (LPS), a major component of the outer
membranes of Gram-negative bacteria that can cause tissue damage (Wyns et al.,
2015). The liver plays an important physiological role in LPS detoxification (Jirillo et al.,
2002). Few reports have explored the relationship between liver injury and ETEC
infection (Deng et al., 2016; Gong et al., 2018) . In this study, the challenge with ETEC
induced hepatic lesions, and were more evident in animals that did not receive additives
(E. coli group) than in the other treatments. Vacuolization of hepatocytes and

lymphocytic infiltrate were the main lesions observed in the liver of pigs exposed to E.
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coli. Ingestion of diets with the commercial blend induced a significant decrease (3 fold)
in liver histological changes compared to E. coli group, indicating that it may play a
positive role in protecting liver tissue in weaning pigs. Several studies in animal models
have provided evidence for beneficial effects of oral supplementation of essential oils
and organic acids (Manzanilla et al., 2006; Bozkurt et al., 2012). However, until now the
effects of these compounds on the liver of weaned piglets submitted to immunological

challenge have not been investigated.

Oxidative stress is an important chemical mechanism that leads to damage to
cellular macromolecules such as proteins, lipids and DNA (Zhu et al., 2013), which
results from the overproduction of reactive oxygen species (ROS) and the decrease in
defense antioxidant (Omonijo et al., 2017). Because the liver is strategically located at
the gateway of the portal blood flow draining the GIT, it becomes the final barrier to
prevent gastrointestinal bacteria and their products, from entering the systemic
bloodstream (Su, 2002). In the present study, we observed that E. coli challenge caused
hepatic oxidative injury, indicated by an increase in superoxide anion (NBT) and lipid
peroxidation (TBARS) levels. Similar results were reported in mice (7—8 weeks old)
exposed to ETEC, where an increase in the concentration of TBARS was reported
(Deng et al., 2016). In the liver, CB2 supplementation protected against E.coli-induced
oxidative stress as demonstrated by the significant reduction of NBT and TBARS levels,
as well as a slight increase in the antioxidant capacity (ABTS, FRAP and GSH levels).
Studies showed that organic acids and essential oils present systemic antioxidant
properties, by reducing the concentrations of ROS and TBARS concentrations and the
increase of antioxidant enzymes (Tan et al., 2015; Xu et al., 2018). With these data and
based on our results, we hypothesized that the inclusion of a combination of these
additives in the diet protected the piglets against hepatic oxidative damage induced by
the bacterial challenge, mainly through the scavenging of ROS. The antimicrobial effect
of organic acids and essential oils could also be responsible for a lower hepatic oxidative
injury, due to a decrease in the number of intestinal pathogenic bacteria (Xu et al., 2018),
which can cross the intestinal barrier and reach the liver causing damage (Masaki et al.,
2004).

In the present study, mild changes were verified in the mesenteric lymph nodes
of piglets of all groups, mostly macrophage activation in medullary sinuses and

subcapsular eosinophilic infiltrate. However, these changes were more marked in
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challenged piglets (E. coli group) that did not receive additive supplementation.
Increased histological changes in the animals of the E. coli group may be due to a rise
in the bacterial translocation produced by the E. coli challenge (Almeida et al., 2013).
When inflammation occurs, as in infections with pathogenic E. coli or after weaning, the
epithelial barrier and tight junctions functionality are impaired (Grilli et al., 2015; Konig
et al., 2016). This allows bacterial products to cross the intestinal epithelium and enter
the lamina propria (Hu et al., 2015), facilitating translocation of damaging substances
and pathogens into the body (Kdnig et al., 2016). Because the mesenteric lymph nodes
receives its lymphatic drainage from the small intestine, it is believed that these lymph
nodes should be the major site and pathway of translocated gut-origin LPS (Xia, 2002).
This translocation could be, at least in part, a predisposing factor for systemic infection
(Alexander et al., 1991). A study showed an increase in bacterial translocation to the
mesenteric lymph nodes following E. coli challenge in pigs of 45-day-old fed a non-
supplemented basal diet (Lessard et al., 2009). In our study, diets supplemented with
the commercial blend of organic acids and cinnamon essential oil (CB1-2) induced a
decrease (2 fold) in lymph nodes histological changes compared to E. coli group,
indicating that the administration of the commercial mixture can reduce bacterial
translocation to the mesenteric lymph nodes. This may be due to the direct antimicrobial
effect of organic acids and essential oils or because of the protective effect of some
organic acids on the gut mucosal barrier, through stimuli increase in the production of
antimicrobial peptides in mucous (Schauber et al., 2003) and the expression of tight

junction proteins (Bordin et al., 2004).

In the spleen, the main findings were hyperplasia of lymphoid follicles in the
control and E. coli groups, but these finding were more evident in challenged piglets (E.
coli group). Previous studies on animal models have reported that E. coli and
lipopolysaccharide (LPS) challenge could cause spleen changes (Nandi et al., 2010; Yu
et al., 2017). We have verified a significant decrease on the lesional score in piglets fed
the commercial blend (CB1-2) compared to the control and E. coli groups. Previous
studies have reported that addition of organic acids and essential oils significantly
increased the relative weight of the spleen in pigs and poultry (Mohamed et al., 2014;
Liu et al.,, 2017). Heavier spleens may indicate better development of the immune
system (Fascina et al., 2017). However, an increase in relative spleen weight may also

be associated with hypersensitivity processes in the GIT and stimuli of invasion of the
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intestine by opportunistic pathogens, such as enterotoxigenic E. coli (Oliveira et al.,
2017). To the best of our knowledge, it is the first study to analyze the combined effects
of organic acids and essential oils on the splenic morphology of immunologically

challenged pigs using an in vivo model.

A slight cytoplasmatic vacuolization of tubular cells was the main lesion
observed in the kidneys of pigs of all groups. No differences were observed in the kidney
between the treatments. It is well known that colistin is frequently used as oral
medication in pig production to control colibacillosis (Rhouma et al., 2015). It was shown
that colistin at a dose of 200 mg/kg of diet does not produce negative effects in the
kidneys, thus confirming the theory that orally administered colistin has a low toxicity
(Rhouma et al., 2016). This is because colistin in pigs is characterized by low
gastrointestinal absorption (Guyonnet et al.,, 2010), so the risk of adverse effects

associated with systemic exposure to colistin is insignificant.

The histological lesions observed in the lungs of challenged piglets of the E. coli
group were slightly more pronounced in relation to the other groups. However, the
lesional score of the groups did not show significance. Lung lesions observed in all the
groups appear to have been caused by the aspiration of small amounts of the liquid
during inoculation. Interstitial pneumonia and thickening of the alveolar walls being the

main histological changes observed.
5. Conclusion

The results showed that the supplementation of a combination of organic acids
and cinnamon essential oil (CB1-2) has a tissue protective effect, especially on the liver
and lymphoid organs (spleen and mesenteric lymph node) of weaned piglets challenged
with E. coli. The results also indicated that the commercial blend is a safe supplement
for reducing hepatic oxidative stress. Thereby, the research provides a theoretical basis
to support the use of combinations of these additives in the swine industry, not only as

enhancers of intestinal health, but also as beneficial to general health.
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Table 1. Centesimal and nutritional composition of the experimental rations.

Ingredients (%) Pre-initial Il Initial |
Corn 39,94 47,70
Soybean meal 20,06 27,30
Maxi coret! 40,00 0,00
Maxi core? 0,00 25,00
Total 100,00 100,00
Nutritional levels

Protein (%) 19,00 19,00
Fat (%) 4,59 3,52
Calcium (%) 0,91 1,00
Phosphorus available (%) 0,46 0,48
Metabolizable energy (Kcal/kg) 3403 3310
Digestible Lys (%) 1,45 1,35
Digestible Met+ Cys (%) 0,81 0,75
Digestible Thr (%) 0,97 0,90
Digestible Trp (%) 0,28 0,26
Total Lactose (%) 9,85 511
Mineral matter (%) 6,45 6,62

I Levels of guarantee per kg of product Maxi core used in the pre-initial ration Il: Humidity (max) 100.00
g; Crude Protein (min) 154.00 g; Ethereal Extract (min) 73.00 g; Gross Fiber (max) 50.00 g; Mineral
Matter (max.) 300.00 g; Calcium (min / max) 16.00 / 24.00 g; Sodium (min) 8,000.00 mg; Phosphorus
(min) 10.00 g; Lysine (min) 24.00 g; Methionine (min) 7,800.00 mg; Threonine (min) 15.00 g; Tryptophan
(min) 3,300.00 mg; Cobalt (min) 2.00 mg; Iron (min) 142.00 mg; lodine (min) 2.00 mg; Manganese (min)
100.00 mg; Selenium (min) 1.00 mg; Folic Acid (min) 9.00 mg; Choline (min) 1.225,00 mg; Niacin (min)
95.00 mg; Calcium Pantothenate (min) 31.00 mg; Vitamin A (min) 32,000.00 IU; Vitamin B1 (min.) 6.00
mg; Vitamin B12 (min) 96.00 mcg; Vitamin B2 (min) 19.00 mg; Vitamin B6 (min) 9.00 mg; Vitamin D3
(min) 6,400.00 IU; Vitamin E (min) 160.00 1U; Vitamin H (min) 0.60 mg; Vitamin K (min) 6.00 mg. Main
Ingredients: Biscuit Bran (27%), Whole Soybean Extract (9%), Plasma (5%), Bicalcic Phosphate (3%),
Calcitic calcary (2%), Common Salt ), Whey (33%), Milk powder (4%).

2 Levels of guarantee per kg of product Maxi core used in the Initial ration I: Humidity (max) 100.00 g;
Crude Protein (min) 84.00 g; Ethereal Extract (min) 63.00 g; Gross Fiber (max) 50.00 g; Mineral Matter
(max.) 300.00 g; Calcium (min / max) 28.00 / 44.00 g; Phosphorus (min) 15.00 g; Sodium (min) 11.00
g; Lysine (min) 20.00 g; Methionine (min) 4,900.00 mg; Threonine (min) 10.00 g; Cobalt (min) 5.00 mg;
Iron (min) 251.00 mg; lodine (min) 5.00 mg; Manganese (min) 200.00 mg; Selenium (min) 2.00 mg;
Folic Acid (min) 3.00 mg; Choline (min) 2,672.00 mg; Niacin (min) 129.00 mg; Calcium Pantothenate
(min) 60.00 mg; Vitamin A (min) 38,000.00 IU; Vitamin B1 (min.) 8.00 mg; Vitamin B12 (min) 129.00
mcg; Vitamin B2 (min) 25.00 mg; Vitamin B6 (min) 12.00 mg; Vitamin D3 (min) 9,000.00 IU; Vitamin E
(min) 807.00 IU; Vitamin H (min) 0.50 mg; Vitamin K (min) 9.00 mg. Main ingredients: Biscuit Bran
(33%), Bicalcic Phosphate (7%), Calcitic calcary (4%), Common Salt (2%), Sugar (19%), Whey (29%).
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Table 2. Establishment of a lesion score — endpoints used to assess histological

lesions.

Tissue

Type of lesions (severity factor)

Maximal
score

Liver

Disorganization of hepatic cords (1)
Inflammation (1)

Hepatic cell vacuolization (1)
Apoptosis (2)

Megalocytosis (2)

Nuclear vacuolation (1)

Necrosis (3)

33

Lymph nodes

Depletion (1)

Germinal centre (1)
Histiocytes (2)
Inflammatory infiltrate (2)
Apoptosis (1)

Necrosis (3)

Mitosis (1)

33

Spleen

Hyperplasia (2)
Germinal centre (1)
Histiocytes (2)
Inflammatory infiltrate (2)
Apoptosis (1)

Necrosis (3)

Mitosis (1)

36

Kidney

Glomerulonephritis (2)
Inflammatory infiltrate (1)
Congestion (1)

Cytoplasmic vacuolization (1)
Nuclear vacuolation (1)
Tubular casts (1)

Apoptosis (1)

Necrosis (3)

33

Lung

Alveolar edema (2)
Interstitial pneumonia (2)
Hypertrophy muscle cell (1)
Hemorrhage (1)

Vascular congestion (1)

21
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score, values are mean+SD for six animals. 2 Mean values with unlike letters were
significantly different by Tukey test (p<0.05). (B) Liver of a piglet of the E. coli group with
hepatocyte cytoplasmatic vacuolization (arrow) and lymphocytic infiltrate (arrow head),
HE, 40x%; (C) liver of a piglet of colistin group with mild hepatocyte cytoplasmatic
vacuolization (arrow), HE, 40x; (D) liver of a piglet of CB2 group with scarce hepatocyte
cytoplasmatic vacuolization (arrow), HE, 40x. CB1= basal diet supplemented with 1 kg
commercial blend /ton. CB2= basal diet supplemented with 2 kg commercial blend/ ton.
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Figure 2. Effects of colistin and commercial blend on the mesenteric lymph node. (A)
Lymph node lesional score, values are mean+SD for six animals. P Mean values with
unlike letters were significantly different by Tukey test (p<0.05). (B) Lymph node of a
piglet of the E. coli group with a large number of activated macrophages in medullary
sinuses (arrow), HE, 40x; (C) lymph node of a piglet of the colistin group with slight
macrophage activation in medullary sinuses (arrow), HE, 40x%; (D) lymph node of a piglet
of the CB2 group with a lower macrophage activation in medullary sinuses (arrow), HE,
40%. CB1= basal diet supplemented with 1 kg commercial blend /ton. CB2= basal diet
supplemented with 2 kg commercial blend/ ton.
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Figure 3. Effects of colistin and commercial blend on the spleen. (A) Spleen lesional
score, values are meanSD for six animals. #® Mean values with unlike letters were
significantly different by Tukey test (p<0.05). (B) Spleen of a piglet of the E. coli group
with hyperplasia of lymphoid follicles (arrow), HE, 10x; (C-D) spleen of a piglet treated
with colistin and CB2 without hyperplasia of the lymphoid follicles, HE, 10x. CB1= basal
diet supplemented with 1 kg commercial blend /ton. CB2= basal diet supplemented with

2 kg commercial blend/ ton.
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Figure 4. Effects of colistin and commercial blend on the kidney. (A) Kidney lesional
score, values are meanSD for six animals. #® Mean values with unlike letters were
significantly different by Tukey test (p<0.05). (B) Kidney of a piglet of the E. coli group
with slight cytoplasmic vacuolization of tubular cells (arrow), HE, 40x%; (C) Kidney of a
piglet of the colistin group with slight cytoplasmic vacuolization of tubular cells (arrow),
HE, 40x; (D) Kidney of a piglet of the CB2 group with slight cytoplasmic vacuolization of
tubular cells (arrow), HE, 40x. CB1= basal diet supplemented with 1 kg commercial
blend /ton. CB2= basal diet supplemented with 2 kg commercial blend/ ton.
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Figure 5. Effects of colistin and commercial blend on the lung. (A) Lung lesional score,
values are mean+SD for six animals. ° Mean values with unlike letters were
significantly different (p<0.05). (B) Lung of a piglet of the E. coli group with interstitial
pneumonia (arrow) and intra-alveolar edema (arrow head), HE, 20x; (C) Lung of a
piglet of the colistin group with interstitial pneumonia (arrow) and intra-alveolar edema
(arrow head), HE, 20x%; (D) Lung of a piglet of the CB2 group with interstitial pneumonia
(arrow) and intra-alveolar edema (arrow head), HE, 20x. CBl= basal diet
supplemented with 1 kg commercial blend /ton. CB2= basal diet supplemented with 2
kg commercial blend/ ton.
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Figure 6. Effects of colistin and commercial blend on hepatic oxidative stress. Values
are mean+SD for six animals. 2P Mean values with unlike letters were significantly
different by Tukey test (p<0.05). CB1= basal diet supplemented with 1 kg commercial
blend/ton. CB2= basal diet supplemented with 2 kg commercial blend/ ton.
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6. CONCLUSAO

A partir dos resultados obtidos, pode-se concluir que:

O fornecimento a leites desmamados de uma mistura comercial de &cidos
organicos e 6leo essencial de canela na dose de 2kg / ton tem efeitos favoraveis sobre
integridade tecidual, protegendo principalmente a mucosa intestinal, o figado e os 6rgaos
linfoides (bago e linfonodo mesentérico) contra danos causados por o desafio bacteriano e o
desmame, tendo efeitos benéficos similares ou incluso melhores do que o antibidtico colistina.

E, portanto, nosso estudo sugere que a mistura de acidos organicos e 6leo
essencial de canela pode ser usada como alternativa aos antibidticos para o desmame de suinos.

Assim também, a pesquisa prové uma base tedrica para apoiar 0 uso de
combinacgdes desses aditivos na industria suina, ndo apenas como melhoradores da saude

intestinal, mas também benéficos para a satde geral.
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APENDICE A

Universidade
= Estadual de Londrina

COMISSAO DE ETICA NO USO DE ANIMAIS

OF. CIRC. CEUA N° 15/2019 Londrina, 14 de Fevereiro de 2019.
Prezado (a) professor (a)

Em resposta ao pedido de adendo 13812.2017.19 referente ao projeto
14358.2015.95 “Avaliacdo dos produtos biotonic top 3 e biotronic top liquid sobre o
desempenho e satde intestinal cle leitoes desafiados com Escherichia coli k88" sob a
responsabilidade de Ana Paula Frederico R. L. Bracarense e ja previamente aprovado pelo
OF. CIR. CEUA 152/2017, a CEUA-UEL certifica que o mesmo teve parecer aprovado em
12/02/2019.

O adendo solicita a sutanasia de 30 animais (Leitdes) oriundos da fazenda
escola da UEL, sendo que o pedido inicial era de 36 animais para avaliar caracteristicas
histolégicas dos érgaos, figado, bago, linfonodo mesentérico, pulméao, rim, jejuno e ileo.

Os procedimentos experimentais ndo serdo modificados em relagdo ao
protocolo inicialmente proposto.

Cumpre orientar que caso pretendam-se gquaisquer alteragdes no protocolo
experimental aprovado, deve-se submeter o novo protocolo a apreciagdo da CEUA/UEL
anteriormente a execugdo das modificagbes.

Coloco-me a disposicdo para quaisquer esclarecimentos que se fizerem
necessarios. Sem mais para o momento, subscrevo, cordialmente.

g

Lo y
\E -\//,
Prof. Dr. Ulisses de Padya Pereira

Vice -Coordenador da CEUA/UEL

P

llmo.(a) Sr.(a)

Prof. (a) Dr. (a) Ana Paula F. R. L.. Bracarense
Responsavel pelo projeto
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