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RESUMO 

 

 

O consumo de álcool é capaz de desencadear efeitos inflamatórios no trato gastrointestinal 

interferindo com a homeostasia da mucosa e induzindo uma resposta inflamatória do tipo 

alérgica, apresentando níveis de IgE séricos elevados e níveis aumentados de interleucina (IL)-

4 na mucosa gástrica. Vários estudos têm demonstrado que o consumo excessivo de álcool 

altera a composição da microbiota intestinal em modelos de roedores e em seres humanos, 

causando perturbação da homeostase da microbiota. O objetivo deste estudo foi avaliar os 

efeitos moduladores do tratamento oral com Lactococcus lactis sobre a inflamação alérgica 

e alteração da microbiota intestinal desencadeados pela ingestão aguda de álcool em 

camundongos. Durante quatro dias consecutivos, foi realizada a administração intragástrica de 

0,2 mL de etanol 50% por animal ou solução salina, e vinte e quatro horas após a última 

administração, os animais receberam, em mamadeiras, Lactococcus lactis, caldo M17 ou 

somente água, durante dois dias consecutivos. Logo após o término do segundo dia do 

tratamento ad libitum, os animais foram sacrificados, e realizadas as coletas de sangue, 

estômago e intestino delgado, para análises imunológicas e histológicas, e coleta de estômago, 

intestino delgado e intestino grosso (cólon), para análises microbiológicas. Em relação às 

análises imunológicas e morfofuncionais, o tratamento com Lactococcus lactis foi capaz de 

restaurar a níveis basais a IgA secretória na mucosa gástrica, IgE total sérica, a produção de IL-

4 nas mucosas gástrica e intestinal e níveis de IL-10 na mucosa gástrica. Além disso, 

Lactococcus lactis reduziu a degeneração hepática provocada pelo etanol, os níveis de IL-10 na 

mucosa intestinal, e aumentou os níveis de IFN- na mucosa gástrica. Quanto as análises 

microbiológicas, a ingestão de etanol pelos animais provocou um desprendimento mais 

acentuado das Enterobacteriaceae da mucosa do estômago e intestino delgado e reduziu as 

populações de BAL presuntivas e de L. lactis presuntivo em todo TGI. O tratamento com L. 

lactis estimulou a diversificação das populações de Enterobacteriaceae em todo TGI, 

principalmente de espécies comensais. O presente estudo abre perspectivas para a utilização 

terapêutica de Lactococcus lactis no tratamento de processos inflamatórios alérgicos 

desencadeados pela ingestão aguda de álcool e na modulação bioterapêutica da microbiota 

intestinal, podendo ser uma estratégia promissora para reduzir as injurias induzidas pelo álcool. 

 

Palavras-chave: Etanol. Lactococcus lactis. Inflamação alérgica. Microbiota intestinal. 

 

 



 

 

ABSTRACT  

 

 

The alcohol can trigger inflammatory effects in the gastrointestinal tract interfering with 

mucosal homeostasis and inducing an inflammatory response of allergic type, having high 

serum immunoglobulin (Ig) E levels and increased levels of interleukin (IL)-4 gastric mucosa. 

Several studies have shown that excessive alcohol consumption alters the composition of 

intestinal microbiota in rodents and humans, disrupting the microbiota homeostasis. The aim of 

this study was to evaluate the modulatory effects of oral treatment with Lactococcus lactis on 

allergic inflammation and altered intestinal microbiota triggered by acute alcohol intake in 

mice. For four consecutive days, intragastric administration of 0.2 mL of 50% ethanol per 

animal or saline solution, and twenty-four hours after the last administration, the animals were 

given in bottles, Lactococcus lactis, M17 broth or water only for two consecutive days. The 

completion of the second day of ad libitum treatment, the animals were sacrificed, and made 

collections of blood, stomach and small intestine, to immunological and histological analysis, 

and collection of the stomach, small intestine and large intestine (colon), for microbiological 

analysis. Regarding immunological, morphological and functional analyzes, treatment 

with Lactococcus lactis was able to restore basal levels of secretory IgA in the gastric mucosa, 

serum total IgE, IL-4 production in gastric and intestinal mucosa and IL-10 levels in the gastric 

mucosa. Moreover, Lactococcus lactis reduced hepatic degeneration caused by ethanol, IL-10 

levels in the intestinal mucosa, and increased IFN-g levels in the gastric mucosa. The 

microbiological analysis, ingestion of ethanol by animals strongly detached Enterobacteriaceae 

from the stomach mucosa and small intestine and reduced presumptive lactic acid bacteria 

and presumptive L. lactis populations in the GIT. L. lactis treatment encouraged the 

diversification of Enterobacteriaceae population, particularly the commensal species, in the 

GIT. This study opens perspectives for the therapeutic use of Lactococcus lactis in the 

treatment of allergic inflammatory processes triggered by acute ingestion of alcohol and 

biotherapeutic modulation of the intestinal microbiota with this LAB appears to be a promising 

strategy to reduce alcohol-induced injuries. 

  

Keywords: Ethanol. Lactococcus lactis. Allergic inflammation. Intestinal microbiota. 
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APRESENTAÇÃO 

 

 

Esta tese segue a formatação preconizada pelo PPGCS - Unimontes, onde dispõe de uma 

primeira seção com a introdução e os objetivos do trabalho.  

 

Uma segunda seção apresenta os produtos (artigos redigidos seguindo normas do periódico 

escolhido, incluindo lista de referências utilizadas especificamente em cada artigo). No caso de 

tese de doutorado, o PPGCS exige apresentação de, no mínimo, dois artigos. 

  

A terceira seção é composta pelas considerações finais e/ou conclusões, referências das citações 

utilizadas na introdução. 

 

Anexos e Apêndices estão incluídos após as referências, nos trabalhos em que houver 

necessidade de apresentar documentação complementar e/ou comprobatória. Ressalta-se que as 

normas da revista devem ser apresentadas em anexo. Maiores detalhes sobre a formatação e 

normatização adotadas pelo PPGCS podem ser obtidos no endereço eletrônico 

<www.ppgcs.unimontes.br>. 
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1 INTRODUÇÃO  

 

 

Vários eventos ocorrem no trato gastrointestinal (TGI) de mamíferos, tais como a identificação, 

digestão, modificação e a absorção de componentes alimentares da dieta (proteínas, lipídios, 

carboidratos e micronutrientes, como vitaminas e minerais). Além disso, é nele que ocorre a 

interação de microrganismos, tanto patogênicos como não patogênicos. As interações com 

antígenos da dieta e da microbiota desencadeiam eventos imunológicos que se caracterizam por 

respostas reguladoras locais e sistêmicas (1-3). 

 

Para que tudo ocorra com segurança, a mucosa intestinal é composta de uma camada simples 

de células epiteliais intestinais e da lâmina própria. O epitélio separa o ambiente externo do 

interno e assim atua prevenindo que microrganismos patogênicos, bem como substâncias 

nocivas no lúmen, ganhem acesso ao corpo. O epitélio intestinal é formado principalmente por 

enterócitos com junções celulares e borda em escova, seguido de outros tipos celulares como 

os linfócitos intraepiteliais, as células M, as células de Paneth e as células caliciformes (4). O 

epitélio intestinal, o muco (produzido pelas células caliciformes), o potencial hidrogeniônico 

(pH) ácido gástrico, as enzimas luminais, os sais biliares, a microbiota residente e a motilidade 

intestinal, fazem parte de um conjunto de elementos que juntos formam os mecanismos 

fisiológicos do TGI (2, 5, 6). 

 

Além do epitélio da mucosa intestinal, o TGI também é composto por um tecido linfoide 

associado a mucosas (MALT), e que por sua localização, esse tecido é denominado tecido 

linfoide associado ao trato gastrointestinal (GALT). O GALT é formado por ambos os sistemas 

imunes: o inato (células natural-killer [NK], leucócitos polimorfonucleados, macrófagos, 

células epiteliais e receptores toll-like) e o adaptativo (linfócitos intraepiteliais e da lâmina 

própria, placas de Peyer, imunoglobulinas do tipo A secretória [IgAs] e citocinas), formando 

os mecanismos imunológicos do TGI (2, 6-9). 

 

O TGI humano é colonizado por um grande número de microrganismos que habitam o trato 

intestinal e desempenham uma variedade de funções fisiológicas. Esta microbiota fornece não 

só uma importante barreira entre o hospedeiro e o ambiente, mas também sítios de contato entre 

os microrganismos e o sistema imune em desenvolvimento (10). O TGI comporta uma 

microbiota complexa de mais de 500 espécies bacterianas diferentes. Uma estimativa mostra 
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que existem 10 vezes mais células bacterianas que células eucarióticas no corpo. O trato 

gastrointestinal é estéril ao nascimento, mas é colonizado por microrganismos presentes no 

meio ambiente imediatamente após o parto. Inicialmente, quando o espaço e a disponibilidade 

de alimentos são abundantes, as bactérias com altas taxas de multiplicação começam a dominar. 

A partir do momento que o número bacteriano aumenta, a disponibilidade de alimento e espaço 

diminui e o hábitat fica ocupado por microrganismos mais especializados e a complexidade da 

microbiota aumenta (11). 

 

Uma vez estabelecida, a microbiota intestinal permanece relativamente estável, embora sofra 

variações quantitativas e qualitativas, dependendo da espécie animal a qual está associada, bem 

como de sua localização orgânica na espécie humana. A cavidade oral aloja mais de 200 

espécies de microrganismos. O estômago e os dois terços do intestino delgado proximal 

(duodeno e jejuno) contêm um número pequeno de microrganismos (103-104 bactérias/mL de 

conteúdo gástrico ou intestinal). Isto se deve ao baixo pH do estômago e a constante mobilidade 

(peristaltismo) nessas áreas. Em ratos, por exemplo, onde o pH estomacal é relativamente alto, 

a densidade microbiana aumenta (105-106 bactérias/mL de conteúdo gástrico). Os principais 

tipos de microrganismos encontrados são lactobacilos e estreptococos, que ao contrário da 

maioria dos microrganismos encontrados nos alimentos, sobrevivem à passagem pelo 

estômago. A parte distal do intestino delgado é considerada “zona de transição” entre o baixo 

nível populacional do intestino delgado proximal e o enorme número de bactérias encontradas 

no intestino grosso. Tanto em roedores como em humanos constata-se um aumento progressivo 

dos níveis populacionais ao longo do intestino delgado. O intestino grosso (cólon) é a região 

mais densamente colonizada em animais e humanos, provavelmente devido à sua baixa 

motilidade e baixo potencial de oxirredução. Logo, o cólon comporta um grande número de 

microrganismos, dentre 400 e 500 espécies (12). 

 

As comunidades microbianas comensais do intestino apresentam alta diversidade no nível de 

espécie, porém baixa diversidade em nível de filo. Em todos os vertebrados, a microbiota 

comensal intestinal é dominada por dois filos: os Gram negativos Bacteroidetes e os Gram 

positivos Firmicutes, compreendendo cerca de 90% dos filos presentes no intestino. Os outros 

10% da população total pertencem predominantemente aos filos Proteobacteria e 

Actinobacteria (13). 
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As bactérias pertencentes ao filo Proteobacteria são normalmente detectados nas amostras 

gastrointestinais e este grupo de bactérias Gram-negativas é particularmente diversificado, 

embora não muito abundante, cerca de 1% da microbiota total (14). Existem cinco classes 

diferentes de Proteobacteria, tais como, o alfa-, beta-, gama-, delta e epsilonproteobacteria no 

qual as Enterobacteriaceae são as mais abundantes e predominantes. A maioria dos membros 

de Enterobacteriaceae está associada com diarreia (15), embora os representantes desta família 

não são necessariamente causadores de quaisquer sintomas e são, na verdade, um dos primeiros 

a serem encontrados no trato gastrointestinal do recém-nascido (16). A Escherichia coli é o 

representante mais prevalente desta família sendo muitas vezes a bactéria anaeróbia facultativa 

mais abundante nas amostras gastrointestinais. As diferentes cepas de Escherichia  coli podem 

apresentar propriedades diferentes, variando de probiótico (17) para patogênicos, causando 

diarreia ou infecções em outros locais (18). A maioria das outras Enterobacteriaceae spp. 

raramente são isoladas a partir de amostras gastrointestinais (14). 

 

O fator predominante para a colonização das bactérias no trato gastrointestinal é a sua 

capacidade de adesão aos receptores da mucosa intestinal, sendo possível que microrganismos 

pioneiros exerçam um papel fundamental na seleção da microbiota, propiciando um ambiente 

favorável para eles, impedindo o crescimento de outros microrganismos (19). Depois de 

estarem aderidos à mucosa intestinal, os microrganismos estabelecem colônias permanentes, 

constituindo a microbiota autóctone que, com o amadurecimento da relação simbiótica com o 

hospedeiro torna-se cada vez mais estável. Outros microrganismos, introduzidos 

posteriormente, podem se associar à mucosa, porém sem adesão a receptores, constituindo a 

microbiota alóctone (20). 

 

O sistema imune tem se desenvolvido e evoluído de uma maneira bem eficiente para controlar 

e viver com a população de microrganismos com o qual está associado. Para que exista essa 

relação, o hospedeiro se protege contra invasões microbianas, lesões e também a reações 

indesejadas contra antígenos presentes nos alimentos, enquanto os microrganismos intestinais 

necessitam de proteção contra microrganismos competitivos e contra a própria resposta imune 

do hospedeiro (21). O epitélio participa ativamente no processo de reconhecimento da 

microbiota. Ele funciona como uma barreira física, impedindo a invasão dos microrganismos 

mantendo a microbiota no lúmen intestinal, e produzindo substâncias (peptídeos 

antimicrobianos, defensinas, IgA, muco) que inibem o crescimento excessivo de bactérias 

indesejáveis (22). Além disso, as bactérias da microbiota limitam adesão e crescimento de 
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bactérias anaeróbicas gram-negativas patogênicas, também naturalmente presentes no intestino 

humano. Alteração desse equilíbrio permite crescimento e adesão das bactérias patogênicas e, 

possivelmente, a translocação bacteriana (23, 24). 

 

As bactérias nativas influenciam no desenvolvimento dos componentes humorais do sistema 

imunológico e modulam o perfil de citocinas Th1 e Th2 (25, 26). Normalmente as bactérias são 

mortas pelo sistema retículoendotelial in situ ou quando estão a caminho dos órgãos linfóides. 

Sendo assim, o linfonodo mesentérico e outros sítios extra intestinais permanecem sem 

bactérias (23).  

 

As citocinas do tipo Th1, como o interferon-gama (IFN-) e fator de necrose tumoral (TNF-α), 

aumentam a imunidade mediada por células. O efeito Th1 predominante resulta na ativação de 

macrófagos e linfócitos T, particularmente os citotóxicos. As citocinas Th2, incluindo a 

interleucina-4 (IL-4) e IL-10, aumentam a imunidade humoral, resultando em ativação de 

linfócitos B e aumento da produção de anticorpos. Os efeitos Th1 e Th2 são contrarregulatórios, 

por isso, no indivíduo saudável, a mucosa intestinal se encontra em estado inflamatório 

controlado (27, 28). 

 

Interações imunológicas-microbianas bidirecionais regulam o desenvolvimento da imunidade 

das mucosas e alteram a composição da microbiota, contribuindo para o bem-estar geral do 

hospedeiro. O sistema imunológico da mucosa de crianças amadurece ao longo de vários meses 

após o nascimento, estando este processo intimamente ligado com o desenvolvimento e 

estabelecimento da microbiota intestinal, além da qualidade dos nutrientes da dieta e 

metabólitos produzidos pelos comensais (29). Exemplos desses metabólitos são os ácidos 

graxos de cadeia curta que são capazes de se ligar a receptores presentes na superfície de células 

imunes, como o receptor acoplado a proteína G (GPR43), modulando a resposta inflamatória 

nessas células (30). Dessa forma, a microbiota possui um papel importante na maturação e 

homeostase do sistema imune. 

 

Desordens gastrointestinais podem ocorrer quando os mecanismos de defesa da mucosa são 

quebrados por agentes infecciosos e irritantes, doenças autoimunes, fumo, estresse, uso 

prolongado de anti-inflamatórios não esteroidais e ingestão de álcool (31, 32). 
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O álcool é uma droga lícita altamente consumida nas sociedades ocidentais, o que poderia 

potencialmente impactar na comunidade da microbiota intestinal. Vários estudos têm 

demonstrado que o consumo excessivo de álcool altera a composição da microbiota intestinal 

em modelos de roedores e em seres humanos, causando perturbação da homeostase da 

microbiota, denominada de disbiose (33-36). 

 

A maioria dos estudos indicam uma associação entre crescimento bacteriano intestinal induzido 

pelo álcool e disbiose, e o desenvolvimento/progressão da doença hepática alcoólica e cirrose 

(37). Estudos mostram que o consumo de álcool rompe a barreira intestinal (38) por meio de 

aumento da carga de stress oxidativo no intestino, o que por sua vez perturba as “tight junction” 

e promove a hiperpermeabilidade intestinal (39). O aumento da permeabilidade intestinal 

permite a translocação de produtos microbianos pró-inflamatórios/patogênicos, incluindo as 

endotoxinas (por exemplo, lipopolissacarídeo [LPS] e peptidoglicano), a partir do lúmen 

intestinal para o fígado através da veia porta (40). A exposição a estes produtos bacterianos 

provoca inflamação no fígado que em associação com os efeitos diretos do álcool pode causar 

a doença hepática alcoólica (41). 

 

Além do efeito do álcool na microbiota intestinal, estudos das duas últimas décadas têm 

mostrado que o consumo de álcool resulta em alterações de componentes celulares do sistema 

imune inato e adaptativo (42). O abuso do álcool é considerado como sendo um fator que 

interfere na atividade imunológica, causando atrofia do baço e do timo, além de um impacto na 

redistribuição de leucócitos do sangue periférico devido a uma diminuição da habilidade de 

migração de leucócitos após injúria ou infecção. Além disso, provoca anormalidades funcionais 

em células NK e em linfócitos T e B, causando uma diminuição das respostas imune celular e 

humoral (43).  

 

Dentre as principais alterações no sistema imune, podem-se citar aquelas observadas nas células 

apresentadoras de antígeno (APCs), que têm seus aspectos fenotípicos e funcionais modificados 

pela exposição ao álcool. As APCs são componentes especializados do sistema imune inato, 

que possuem um importante papel na ativação da resposta imune adaptativa, visto que 

apresentam o antígeno para os linfócitos T, levando à ativação dessa população celular e 

desencadeando o início de uma resposta imune específica efetiva (44, 45). 
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Em estudo utilizando o modelo de administração intragástrica aguda de etanol (46), foi 

identificado um impacto diferencial do álcool sobre aspectos imunofenotípicos, síntese de 

citocinas, e capacidade fagocítica de subpopulações de células apresentadoras de antígenos (46, 

47). Os efeitos do álcool, nesse modelo, favoreceram o desenvolvimento de uma resposta 

inflamatória alérgica. Em síntese, os efeitos do etanol sobre as populações de macrófagos e 

células dendríticas parecem ser moduladores da atividade celular, enquanto sobre os linfócitos 

B, o efeito seria estimulador, destacado por um aumento da capacidade endocítica e da 

expressão de moléculas coestimuladoras (47).  

 

Em função desse provável desvio da hierarquia das APCs após a administração oral de etanol, 

os linfócitos T apresentam-se mais ativados devido a um aumento na expressão de receptores 

de citocinas mitogênicas, como a IL-2 e IL-4, diminuição da expressão da selectina CD62-L, 

além da diminuição da expressão da forma latente do TGF-β (Fator de transformação do 

crescimento – beta) expresso na membrana celular (LAP, Latency Associated Peptide) (47). 

Além disso, foram observadas alterações locais e sistêmicas como níveis aumentados de IL-4 

no estômago e IgE total sérica, aumento na síntese de IL-4 e ausência de IL-10 por esplenócitos. 

Somado a isto, a ingestão de etanol preveniu a tolerância oral induzida por Ovalbumina (46), 

um fenômeno fisiológico e T - dependente que ocorre na superfície da mucosa intestinal e que 

mantém a regulação da reatividade imunológica inflamatória a antígenos da dieta e da 

microbiota autócrina (48). 

 

Esses resultados em conjunto sugerem que alterações imunológicas induzidas pelo álcool 

interferem com mecanismos imuno-reguladores em toda a mucosa intestinal, possivelmente, 

com efeitos sistêmicos, levando a um perfil alergênico com consequente perda da 

susceptibilidade à indução de tolerância oral a uma nova proteína. Além disso, o consumo 

excessivo de álcool altera a composição da microbiota intestinal causando perturbação da 

homeostase da microbiota. 

 

Atualmente, os tratamentos para danos gerados pelo álcool se restringem a intervenções 

medicamentosas direcionadas ao quadro patológico presente e no uso específico de 

medicamentos voltados para o controle da dependência de álcool, entretanto alguns fármacos 

aversivos oferecem inúmeros efeitos adversos. Desta forma, a busca de estratégias alternativas 

capazes de prevenir os efeitos do consumo de álcool a nível local e sistêmico se torna de extrema 

relevância. 
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Uma alternativa inovadora de tratamento de doenças que acometem o trato gastrointestinal, 

ainda em fase experimental, é a administração oral de microrganismos produtores de 

imunomoduladores. Neste caso, microrganismos que fossem bons produtores de proteínas 

heterólogas, capazes de resistir às intempéries do trato gastrointestinal, transientes, e pouco 

imunogênicos, seriam candidatos ideais neste estudo. Baseado nestes requisitos, as bactérias 

ácido lácticas (BAL) poderiam, perfeitamente, desempenhar tal função.  

 

A designação “bactérias lácticas” se aplica a um grupo de bactérias gram positivas, não 

patogênicas, que têm o ácido láctico como principal produto metabólico da fermentação de 

carboidratos. As principais espécies do grupo bactérias lácticas são Lactobacillus, Leuconostoc, 

Pediococcus, Streptococcus e Lactococcus (49-51). 

 

Com poucas exceções, as bactérias lácticas obtêm sua energia a partir da conversão de açúcares, 

principalmente a glicose, em ácido láctico (via homofermentativa ou homoláctica) e/ou ácido 

láctico e outros produtos (via heterofermentativa ou mista) (51). Consequentemente, as 

bactérias lácticas estão geralmente associadas com a preparação de alimentos fermentados, 

como iogurtes, queijos, leites fermentados, pães, manteiga, vinhos, salsichas, picles e silagem. 

Este processo, conhecido como "fermentação láctica dos alimentos", remonta a cerca de 8.000 

a.C. e constitui uma das formas mais antigas de conservação dos alimentos utilizados pelos 

seres humanos. A conservação dos alimentos utilizando essas bactérias ocorre não apenas como 

consequência da acidificação do meio (pH 4,5-3,5), mas também devido à produção de 

numerosos agentes antibacterianos, tais como bacteriocinas e compostos orgânicos (52). Esses 

dois fatores inibem o crescimento de uma microbiota indesejável e são responsáveis pelo 

desenvolvimento de algumas características organolépticas, tais como aroma, textura e sabor 

do produto final. 

 

Por serem utilizadas há séculos em processos de fermentação e preservação de alimentos, as 

bactérias ácidos lácticas são diariamente ingeridas por seres humanos sendo consideradas 

seguras para consumo humano característica que rendeu ao grupo um “status” GRAS (GRAS 

– do inglês Generally Recognized As Safe) de acordo com o Food and Drug Administration 

(FDA), órgão americano que fiscaliza medicamentos e alimentos (52). 

 

Recentemente o potencial para novas aplicações das bactérias lácticas, tais como vacinas orais, 

produção de proteínas heterólogas e metabólitos vêm sendo explorado por vários grupos de 
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pesquisa. Estas bactérias têm sido utilizadas como “usinas celulares” para a produção de 

moléculas de interesse médico e biotecnológico, como citocinas, enzimas, alérgenos e 

antígenos (53) e também utilizadas como veículo para a apresentação de antígenos exógenos às 

superfícies de mucosas (49). 

 

Lactococcus lactis (L. lactis) é a espécie de bactérias ácidos lácticas mais bem caracterizada e 

figura atualmente como organismo modelo no estudo das mesmas; não apenas pela sua 

importância econômica, mas também devido ao fato de: (i) ser um microrganismo de fácil 

manipulação; (ii) ser “GRAS”; (iii) ter sido a primeira BAL cujo genoma foi sequenciado (54) 

e (iv) possuir um grande número de ferramentas genéticas já desenvolvidas (53-56) como, por 

exemplo, sistemas de mutagênese (57) e vetores de clonagem e expressão gênica (58, 59). 

 

L. lactis é resistente à acidez gástrica quando administrada junto com os alimentos, mantendo-

se biologicamente ativa em todo o trajeto através do trato digestivo (60). Além disso, por ser 

uma bactéria não-invasiva e não-comensal, isto é, de passagem transitória através do intestino 

dos animais, tem um menor potencial de desencadear imunotolerância ou efeitos colaterais 

sobre o seu uso prolongado (53). Outra característica importante é que por ser uma bactéria 

Gram-positiva, L. lactis não possui o lipopolissacarídeo (LPS) endotóxico e ainda apresenta 

menos exoproteínas nativas em comparação com linhagens de Escherichia coli (61). 

 

Desta forma, grupos de pesquisa têm explorado o efeito imunomodulador do Lactococcus lactis 

como estratégia protetora da mucosa gastrointestinal dos animais que recebem álcool. 

 

Um estudo recente, avaliando os efeitos do pré-tratamento oral com L. lactis, produtor ou não 

de Hsp65, como estratégia profilática para modulação das alterações inflamatórias 

desencadeadas pela ingestão aguda de etanol, demonstrou que este pré-tratamento reverteu os 

sinais clássicos de reação alérgica do tipo I, através da redução dos níveis de IL-4 na mucosa 

gástrica e intestinal, além dos níveis séricos de IgE total; restaurou a homeostase do muco 

gástrico secretado e da produção de IL-10 intestinal; impactou diferencialmente no número de 

APCs ativadas, como macrófagos, células dendríticas e linfócitos B, no linfonodo mesentérico 

e baço; além disso, L. lactis selvagem apresentou uma capacidade em aumentar células T com 

fenótipo regulador nesses órgãos; e parece resgatar o fenômeno da tolerância oral quebrada pelo 

consumo de álcool (62). 
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Pesquisas em roedores e humanos estão investigando se a disbiose intestinal induzida pelo 

álcool e suas consequências podem ser reversíveis com intervenções com probióticos e 

simbióticos. Os lactobacilos e as bifidobactérias, atualmente, são os microrganismos mais 

utilizados como probióticos, e um estudo realizado em camundongos C57BL/6 que ingeriram 

álcool (5% vol/vol) por via oral durante 6 semanas mostrou que o tratamento oral de 

Lactobacillus rhamnosus GG (1 × 109 UFC/mL), durante 6 a 8 semanas, evitou a disbiose 

induzida por álcool (33). Entretanto, ainda não foi avaliado o efeito do Lactococcus lactis na 

microbiota intestinal após o consumo de álcool. 

 

Diante disso, o Lactococcus lactis surge como nova possibilidade terapêutica no tratamento de 

alterações imunológicas, com perfil alergênico, e disbiose intestinal desencadeadas pela 

ingestão aguda de álcool. Este microrganismo emerge como um potente probiótico, capaz de 

resgatar a homeostase do organismo e estimular mecanismos inatos e adaptativos. 
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2 OBJETIVOS  

 

 

2.1 Objetivo geral 

 

 

 Avaliar os efeitos moduladores do tratamento oral com Lactococcus lactis NCDO-2118 

sobre a inflamação alérgica e alteração da microbiota intestinal desencadeados pela 

ingestão aguda de álcool em camundongos. 

 

 

2.2 Objetivos específicos 

 

 

 Avaliar o efeito modulador do Lactococcus lactis em parâmetros biométricos e 

morfológicos após administração de etanol. 

 Avaliar o efeito modulador do Lactococcus lactis na imunidade das mucosas gástrica e 

intestinal após a administração de etanol. 

 Avaliar o efeito do tratamento com Lactococcus lactis em biomarcadores relacionados com 

respostas alérgicas após a ingestão de etanol. 

 Avaliar o efeito do tratamento com Lactococcus lactis na abundância e diversidade de 

espécies de Enterobacteriaceae no trato gastrointestinal após a administração de etanol. 

 Avaliar o efeito do tratamento com Lactococcus lactis na abundância de Bactérias ácido 

lácticas (BAL) presuntivas no trato gastrointestinal após a administração de etanol. 

 Avaliar a frequência de isolamento de Lactococcus lactis presuntivo no trato 

gastrointestinal após a ingestão de etanol. 
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3 PRODUTOS 

 

 

3.1 Produto 1: Lactococcus lactis treatment modulates the allergic inflammation induced by 

acute ethanol ingestion, formatado segundo as normas para publicação do periódico 

Scandinavian Journal of Immunology. 

 

 

3.2 Produto 2: Effect of Lactococcus lactis treatment on Enterobacteriaceae and lactic acid 

bacteria populations in the gastrointestinal tract after ethanol ingestion, formatado segundo as 

normas para publicação do periódico Applied and Environmental Microbiology, enviado para 

este periódico. 
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Abstract 

The alcohol can trigger inflammatory effects in the gastrointestinal tract interfering with 

mucosal homeostasis and inducing an inflammatory response of allergic type, having high 

serum immunoglobulin (Ig) E levels and increased levels of interleukin (IL)-4 gastric 

mucosa. The aim of this study was to evaluate the modulatory effects of Lactococcus lactis oral 

treatment on allergic inflammation triggered by acute alcohol intake in mice. C57BL/6 females 

mice received saline or ethanol intragastrically for 4 consecutive days and 24 hours after the 

last administration, the animals were Lactococcus lactis NCDO-2118, M17 broth or water 

orally ad libitum for two consecutive days. Soon after the second day of treatment, the animals 

were sacrificed and made the collection of blood, stomach and small intestine, histological and 

immunological analysis.  Lactococcus lactis treatment was able to restore basal levels of 

secretory IgA in the gastric mucosa, serum total IgE, IL-4 production in gastric and intestinal 

tissues, and IL-10 levels in gastric tissue. Moreover, Lactococcus lactis reduced hepatic 

degeneration caused by ethanol IL-10 levels in the intestinal tissue and increased interferon 

gamma (IFN-γ) levels in gastric tissue. Thus, this study opens perspectives for the therapeutic 

use of Lactococcus lactis for the treatment of allergic inflammatory processes elicited by acute 

alcohol ingestion. 

Keywords: Ethanol. Lactococcus lactis. Allergic inflammation. 

 

Introduction 

Alcohol has been the most common substance use and abuse in human history. Moderate 

amounts of alcohol are appreciated for their anxiolytic effects; however, its addictive properties 

can lead to chronic, excessive alcohol use disorders and alcohol use. In addition to its behavioral 

effects generally recognized, alcohol affects many organs, including the immune system that 

controls the body's defense against infectious agents and other harmful agents [1]  . 
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It is well known that alcohol can trigger inflammatory effects in the gastrointestinal tract 

interfering with mucosal homeostasis [2, 3]  . Previous studies in our group have shown that 

the high dose of ethanol (EtOH), even for a short time period (four consecutive days), is able 

to induce an inflammatory response of allergic type, with elevated serum IgE levels, plus 

increased levels of interleukin (IL)-4 gastric mucosa [2, 4]  , and increased IL-4 synthesis by 

splenic T cells after in vitro stimulation nonspecific (concanavalin a - Con a ) [4]  . These 

results support the evidence of a strong allergic profile induced by ethanol. 

Currently, treatments for damage caused by alcohol are restricted to psychotherapeutic and 

psychopharmacological interventions. Since the alcohol can cause a variety of diseases 

associated with consumption, often the treatment of these patients is based on pharmacological 

interventions directed to this pathological condition, and the particular use of drugs directed to 

the control of alcohol dependence. Some aversive drugs are widely used, however they offer 

numerous adverse effects such as nausea, vomiting, abdominal pain, headache, confusion, 

drowsiness, changes in libido and dermatologic effects. In this context, the use of safe 

alternative therapies, able to prevent the effects of alcohol consumption at local and systemic 

level emerges as a strong candidate for the treatment of changes resulting from consumption. 

An innovative alternative is the use of probiotics which are live microorganisms 

administered in adequate amounts, confer a health benefit on the host [5]  . Probiotics 

modulating properties with the composition of the intestinal microbiota has been proposed as 

tools for the prevention or treatment of alcoholic liver disease [6, 7]  . 

Most probiotics used and currently studied belong to the group of lactic acid bacteria, 

particularly lactobacilli, which were isolated from the gastrointestinal tract human, but also 

includes some Bifidobacterium [8]   and Streptococcus strains [9]  . Members of the genus 

Lactobacillus have shown therapeutic properties, the improvement of the normal microbiota 
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[10]  , the prevention of infectious diseases and food allergies [11, 12]  , stabilizing the gut 

mucosal barrier [13]   and modulation of innate immune responses and adaptive [14, 15]  . 

There are few studies on the probiotic activity of Lactococcus which are commonly used in 

starter cultures for the production of fermented milk products. It has generally been assumed 

that the Lactococcus will not survive passage through the gastrointestinal tract, but studies have 

reported that some Lactococcus strains can survive in the human or animal gastrointestinal tract 

[16]  . 

In a recent study, it was demonstrated that Lactococcus lactis (L. lactis), NCDO 2118 wild 

type has a anti-inflammatory activity in vitro, in cultured intestinal epithelial cells, as well as in 

vivo in a model of colitis induced by dextran sulfate sodium [17]  . Furthermore, Alvarenga et 

al. [2]   found that pretreatment with L. lactis NCDO-2118 wild type and secreting Hsp65 in 

animals who consumed ethanol, reversed classic signs of allergic reaction of type I and 

impacted differentially on the number of antigen presenting cells activated, such as 

macrophages, dendritic cells and B lymphocytes in the lymph node mesenteric and spleen. 

This study aims to evaluate the effect of Lactococcus lactis treatment in allergic 

inflammation after acute administration of ethanol. 

 

Materials and methods 

Animals 

C57BL/6 wild strain female mice (8–10 weeks old) were maintained in cages with water 

and feed (Labina, Purina®) ad libitum, at 25 ± 2°C for a photoperiod of 12 hours. All procedures 

were performed according to the rules set forth in the Guide for the Care and Use of Laboratory 

Animals (Institute of Laboratory Animal Resources, National Academy of Sciences, Bethesda, 

MD, 1996). The procedures were approved by the Ethics Committee for Experimentation and 

Animal Welfare (CEEBEA) under the advice No. 043/13. 



27 

 

Lactococcus lactis 

L. lactis subsp. lactis wild type strain NCDO-2118 was cultured in M17 broth (Difco, 

Becton Dickinson) supplemented with glucose (0.5%, m/v), at 30°C without stirring for 18 

hours. The M17 broth is a culture medium to isolate lactic streptococci. The suspension 

of L. lactis was calibrated to 109 viable bacteria mL−1, equivalent to 0.2 OD at 600 nm 

wavelength, as measured by a spectrophotometer (Ultrospec 1100 pro; Amersham Biosciences, 

England). Bacterial suspension (5 mL) was released into bottles for ad libitum consumption by 

the animals, according to the following experimental protocol. 

Experimental design 

For four consecutive days, intragastric administration of 0.2 mL 50% (v/v) ethanol per 

animal (ethanol group) was performed. NaCl solution (0.9%, w/v) was used as a treatment 

control. After 24 hours of administration, the animals were given L. lactis, M17 broth or water 

in bottles for two consecutive days. Shortly after the second day of treatment ad libitum, the 

animals were sacrificed and dissected their stomach, small intestine and liver for histological 

and immunological analysis and blood samples for immune analysis. 

Figure 1A illustrates the sequence of the procedures adopted. The test involved four 

treatment groups: G1 – animals subjected to saline, treated with M17 broth (Saline and M17); 

G2 – animals subjected to saline, treated with L. lactis (Saline and L. lactis); G3 – animals 

subjected to ethanol, treated with water (Ethanol and water); and G4 – animals subjected to 

ethanol, treated with L. lactis (Ethanol and L. lactis). Six animals were randomly chosen from 

each group for experiments. 

Biometric analysis 

During the experimental protocol (7 days) the body weight of the animals was assessed, and 

after euthanasia, also measured the weight (ratio gastric weight / body weight) and stomach size 

(length of the cardiac ostium to the pyloric ostium). 
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Histological analysis 

Stomach, small intestine and liver were removed, rinsed with 0.9% physiological saline and 

fixed in 10% formalin in PBS (Phosphate-buffered saline) for 48 hours. After adding the tissue 

in paraffin, tissue sections of 4μm was obtained and stained with hematoxylin-eosin for mucosa 

integrity of view, the presence of inflammatory infiltrate and edema in the hepatic parenchyma 

and in the gastric and intestinal submucosal (proximal jejunum) and toluidine blue for 

evaluation of mast cells in the gastric submucosa. In hematoxylin-eosin blades three 

fields/animal images were analyzed under light microscopy (100X). In Toluidine Blue blades, 

the mast cell count was performed in each gastric extent under light microscopy (400X 

magnification), and the result was expressed as total number of mast cells. The images were 

captured from a micro camera Moticam 2500. 

Serum total IgE analysis 

The collected blood was centrifuged at 600 ×g for 10 minutes and the serum obtained was 

frozen for total immunoglobulin (Ig) E analysis, a posteriori. The levels of total IgE antibodies 

was performed by ELISA (Enzyme Linked Immunosorbent Assay), as described below. 

Briefly, 96 well plates (Nunc, Roskilde, Denmark) were coated with 50 µL/well of anti-IgE 

mouse mouse antibody, diluted 1:200 (rat anti-mouse IgE, Southern Biotechnology, 

Birmingham, AL) at pH carbonate buffer 9.6. Subsequently, plates were washed twice with 300 

μL saline-Tween (0.15M saline containing 0.05% Tween 20) and blocked with 200 μL PBS 

solution containing 0.25% casein (Sigma Chemical Co., St. Louis, MO, USA) for 1 hour at 

temperature environment. After washing the plates twice with 300 μL saline-Tween, were 

added 50 µL of serum, and incubated for 2 hours at room temperature protected from 

light. After five washings with saline-Tween, were added 100 µL of mouse anti-IgE mouse 

antibody conjugated to Biotin (rat anti-mouse IgE-BIOT Southern Biotechnology, 

Birmingham, AL) diluted 1:250 in PBS-casein, and samples incubated for 1 hour at room 
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temperature. Subsequently, plates were washed five times and incubated for 1 hour with 100 

µL of Streptavidin-Peroxidase (Southern Biotechnology, Birmingham, AL) diluted in PBS-

casein at a concentration of 1:10,000 for 1 hour at room temperature. Then the plates were 

washed and incubated, protected from light with 100 µL of citrate buffer (pH 5.0) containing 

hydrogen peroxide (H2O2) and 30% orthophenylene diamine (OPD) (1 mg/mL). Thereafter, the 

reaction was stopped by adding 20 μL of sulfuric acid (H2SO4) 2N. The optical density was 

obtained in ELISA reader (Reader TP, thermoplate, China) with 492 nm filter. The results are 

expressed as absorbance (OD). 

Secretory IgA analysis 

The organs, stomach and small intestine were removed and washed with 5 mL and 10 mL 

of cold physiological saline 0.9%, respectively, for collection of the gastrointestinal lavage in 

polystyrene tubes. Then, the collected material was vortexed, centrifuged at 450 ×g for 20 

minutes at 4ºC and the supernatant collected for dosing secretory IgA (sIgA) by ELISA, 

described below. 

Briefly, 96 well plates (Nunc, Roskilde, Denmark) were coated with 100 μL of anti-IgA 

mouse goat antibody (Goat anti-mouse IgA UNLB; Southern Biotechnology, Birmingham, 

AL) diluted 1:10,000 in pH carbonate buffer 9.6. After the plates were washed two times with 

saline-Tween and blocked with 200 μL PBS solution containing 0.25% casein (Sigma Chemical 

Co., St. Louis, MO, USA) and incubated for 1 hour at room temperature. After washing twice 

with saline-Tween, 100 μL of washed stomach and intestinal (diluted 1:10) and monoclonal 

antibodies standards (0.1 µg/mL) (UNLB mouse IgA, Southern Biotechnology, Birmingham, 

AL) were added to the wells and incubated for 1 hour at room temperature. Subsequently, plates 

were washed 5 times with saline-Tween and incubated with 100 μL of a solution of anti-IgA 

mouse goat antibody conjugated to biotin (anti-mouse goat IgA-BIOT; Southern 

Biotechnology, Birmingham, AL), diluted in PBS-casein 0.25% (1:10,000) for 1 hour at 
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37°C. After 5 washings, plates were incubated with 100 μL of a solution containing 

Streptavidin-Peroxidase (Southern Biotechnology, Birmingham, AL), diluted in PBS-casein 

0.25% at the concentration of 1:10,000 for 1 hour at room temperature. The plates were washed 

and incubated, protected from light with 100 μL of citrate buffer (pH 5.0) containing H2O2 30% 

and OPD (1 mg/mL). The reaction was stopped by adding 20 μL of H2SO4 2N and read was 

performed in automatic reader (Reader TP, thermoplate, China) using the filter of 492 nm. The 

results were expressed in µg/mL. 

Cytokine analysis in situ 

After washing the stomach and small intestine, as described above, the tissues were stored 

at -80°C until processing. Stomach, duodenum and proximal jejunum were crushed 

with a mortar and pestle with extraction buffer 1 mL for each 100 mg tissue (buffer: NaCl - 

2,34 g%, EDTA - 37,2 mg%, benzotonio chloride - 4,48 mg%, fluoride phenylmethylsulfonyl 

- 1.7 mg%, bovine serum albumin – 500 mg% in Tween 20 – 5 μL, aprotinin – 10 UIC/mL - 

Sigma, St Louis, MO, USA). The samples were centrifuged at 1120 ×g for 10 minutes at 4°C 

and the supernatant collected for determination of cytokines by ELISA. Were performed 

measurements of IL-2, IL-4, IL-10 and interferon gamma (IFN-γ) in the stomach, and 

dosages of IL-4 and IL-10 in the duodenum and proximal jejunum. 

Briefly, 96 well plates (Nunc, Roskilde, Denmark) were coated with 50 μL of anti-IL-2 

monoclonal antibodies (2 μL/mL), anti-IL-4 (8 μL/mL) and anti-IL-10 (8 μL/mL) mice (BD 

Pharmingen, San Diego, CA, USA) diluted in phosphate buffer pH 6.0 (NaH2PO4 - 0.1M, 

NaHPO4) and anti-IFN-γ (2 μL/mL) diluted in carbonate buffer pH 8.3 (Na2CO3, NaHCO3 - 0.1 

M). Subsequently, plates were washed twice with 300 μL of Saline-Tween and blocked for 1 

hour with 200 μL of PBS-casein 0.25% at room temperature. After two washes with 300 

μL in Saline-Tween, 50μL of supernatant samples from tissue extracts, and standards for IL-2 

(20 ng/mL) and IFN-γ (20 ng/mL) (Pharmingen, San Diego, CA, USA) were added to the 
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appropriate wells and incubated at 4°C overnight. The next day, after 6 washes with 300 

μL saline-Tween, were added 50 μL of monoclonal antibodies conjugated with biotin diluted 

in PBS-casein 0.25% specific for IL-2 (3 μL/mL), IL-4 (6 μL/mL), IL-10 (3 μL/mL ) and IFN-

γ (3 μL/mL) of mice (Pharmingen, Becton Dickinson, Mountain View, CA) and incubated for 

1 hour at room temperature. The plates were washed 6 times with 300 μL in Saline-Tween and 

incubated with 50 μL of Streptavidin-Peroxidase (Southern Biotechnology, Birmingham, AL) 

at a concentration of 1:10,000 diluted in PBS-casein 0.25%, for 45 minutes at room 

temperature. The plates were washed with 300 μL in Saline-Tween and incubated, protected 

from light with 100 μL of citrate buffer (pH 5.0) containing H2O2 30% and OPD (1 

mg/mL). The reaction was stopped by adding 20 μL of H2SO4 2N and read was performed in 

automatic reader (Reader TP, thermoplate, China) using the filter of 492 nm. IL-2 levels and 

IFN-γ were calculated from a standard curve and results were expressed in ng/mL and IL-4 and 

IL-10 results are expressed as absorbance (OD). 

Statistical analysis 

The results were expressed as the mean ± standard error of 6 animals in each experimental 

group. We used the Kolmogorov-Smirnov test and normal distribution was considered normal 

if p> 0.05. Comparative analysis between groups was performed by ANOVA one way followed 

by Tukey's post-test and the significance level was 5% (p <0.05). The software GraphPad Prism 

version 6.0 (GraphPad Software Inc., CA, USA) was used for statistical and drawing the graphs 

analysis. 

 

Results 

Effect of L. lactis in biometric and morphological parameters of mice that received prior 

intake of EtOH 
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L. lactis treatment not reversed the weight loss observed in animals upon ingestion of 

EtOH. Interestingly, L. lactis treatment was able to reverse the baseline, the increase in gastric 

size and weight observed in animals previously treated with EtOH as shown in figure 1B. 

Macroscopic signs of inflammation were observed in stomach tissues in any experimental 

groups (data not shown). Furthermore, after administration of EtOH, were observed in gastric 

and intestinal submucosa (proximal jejunum), microscopic inflammatory changes such as 

bleeding, increased cellularity and villous atrophy (Figure 1B). There morphometric parameters 

were evaluated for a quantitative analysis of the inflammatory process, however, it is observed 

visually that the EtOH caused structural changes in the gastric submucosa. 

To investigate the effects of acute EtOH ingestion in the hepatic parenchyma, we observed 

the presence of extensive areas of hydropic degeneration, represented by the presence of 

cytoplasmic vacuoles, maintaining the integrity of the core. However, L. lactis treatment was 

able to reduce the degree of degeneration, represented by a lower presence in areas vacuolated 

hepatocytes (Figure 1B). 

Effect of L. lactis in immunity of the gastric and intestinal mucosa of mice that received 

prior ingestion of EtOH 

L. lactis treatment reversed the increase in production of sIgA in the gastric mucosa of 

animals which received EtOH priori. The same effect was not observed the levels of sIgA in 

the intestinal mucosa of the animals (Figure 2A). 

Effect of L. lactis in biomarkers associated with allergic responses in mice previously 

treated with EtOH 

It is observed an increase in serum total IgE levels in animals previously ingested EtOH, and 

a reversal values similar to the control group (saline) after L. lactis treatment. As the number of 

mast cells in the gastric submucosa, it is observed that the administration of alcohol and 

L. lactis treatment did not affect the cell counts (Figure 2B). 
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The analysis of gastric tissue demonstrates that EtOH administration increased the 

production of IL-4 and IL-10, but did not affect the production of IL-2 and IFN-γ. L. lactis 

treatment reduced levels of IL-4 and IL-10 did not affect the IL-2 levels, and significantly 

increased IFN-γ levels (Figure 2B). 

The analysis data of the tissue of the small intestine (duodenum and proximal jejunum) 

demonstrates that L. lactis treatment reversed the enhancement of IL-4 EtOH triggered by basal 

levels and reduced levels of IL-10 (Figure 2B). 

Figure 3 summarizes the changes observed after administration of ethanol and L. lactis 

treatment. 

 

Discussion 

Few studies have shown the implications of alcohol on immunomodulation, and our group 

showed loss of susceptibility to the induction of oral tolerance induced by ingestion of ethanol 

[3]  . This mechanism needs to be better understood, but in this same study our group 

demonstrated that alcohol induces an inflammation of the allergic type in animals and this can 

compromise the immune homeostasis and phenomena resulting from this balance, as oral 

tolerance [3]  . In this sense, the search for alternative strategies to reduce or mitigate such 

effects becomes extremely important. 

This study was based on a possible immunomodulatory impact achieved by eating 

a posteriori of Lactococcus lactis, as a therapeutic strategy of the gastrointestinal mucosa of the 

animals would receive alcohol. 

The results showed that acute ethanol ingestion caused the loss of body weight, increase in 

weight and size gastric, hepatic degeneration, however caused no damage in the gastric and 

intestinal mucosa. Previous studies using this same model also observed this alteration in 

stomach weight and size [2, 3]  , and liver [2]   after the ethanol consumption. However, after 
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administration of L. lactis, there was a reversal of gastric and liver disorders caused by 

alcohol. A study of our research group, showed that previous intake of L. lactis did not prevent 

gastromegalia induced acute alcohol intake, but reduced the degree of liver degeneration [2]  . 

Acute exposure to alcohol in the small intestine mucosa inhibits the active transport of many 

nutrients across the epithelial layer [18]  . The alcohol can lead to a change in intermediary 

metabolism, and the relationship between alcohol consumption and body weight is a 

paradox. Small amounts of ethanol appear to have no effect on body weight. The ingestion of 

moderate amounts can lead to an increase in body weight through a suppressive effect of lipid 

oxidation. Excess intake of alcohol in leads to a decrease in body weight, probably by 

enhancing lipid oxidation and energy expenditure [19]  . Therefore, it is suggested that 

excessive intake of alcohol reduces body weight in the inhibition of nutrient absorption, and 

L. lactis treatment for 2 days was not sufficient to improve this absorption and cause the body 

weight to return to normal. 

It was shown that alcoholic solutions above 15% can inhibit gastric motility, delaying 

emptying of the stomach. With increasing time the gastric transit, bacterial degradation of food 

starts generating gas and bloating [20]  . Thus, the increased weight and gastric size can be 

explained by accumulation of gases present, checked at necropsy, which was reversed after 

administration of L. lactis. 

Even after alcohol consumption and L. lactis treatment, this organism survives the 

gastrointestinal mucosa (data not shown), and operates as a probiotic, it may increase the 

absorption of minerals and vitamins production. 

Several studies show that the intake of ethanol, particularly at high doses and chronic form, 

triggers alcoholic liver disease. In this study, the presence of cytoplasmic vacuoles in liver of 

animals treated with EtOH, however was not detected elevation of alanine aminotransferase 

(ALT) levels (data not shown). ALT is an enzyme whose serum levels are elevated in any 
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condition that causes acute hepatocellular impairment, and acute or chronic alcohol intake can 

lead to liver damage with increased serum ALT [21, 22]  , but this increase especially in acute 

consumption depends on the dose and the protocol used. Though only found hepatic 

degeneration, L. lactis treatment reduced this change, demonstrating a therapeutic effect with 

systemic repercussions. 

Studies have shown that Lactobacillus acidophilus and Bifidobacterium longum ingestion is 

capable of reducing gastric and especially liver damage caused by acute ingestion (5 days) 

alcohol. This effect was related to the ability of these microorganisms to reduce the 

concentration of alcohol in blood by increasing the activity desidrogrenase alcohol, accelerating 

the metabolism of ethanol in the stomach and the liver [23]  . One study demonstrated the 

beneficial effect of lactic acid bacteria in the liver injury induced by alcohol is associated with 

maintenance of the intestinal barrier and prevention of endotoxemia [24]  . Thus, it can be 

suggested that the administration of L. lactis is able to attenuate liver damage induced by 

alcohol. 

As the gastric and intestinal mucosa, several studies have shown that after ethanol ingestion 

gastric mucosa of animals showed marked injury. In these studies, it is observed that animals 

were sacrificed between 30 minutes to 3 hours after the administration of alcohol, and thus 

suggests that the difference in time between ingestion of EtOH and euthanasia of animals can 

be a major factor that allows for better visualization of the gastric lesions [25, 26]  . In fact, one 

study found blood clots and linear bleeding on the surface of the gastric mucosa 15 minutes of 

absolute alcohol administration in rats. The severity of the lesions, showed elevated after 1 hour 

and stood for up to 6 hours. However 24 hours after alcohol consumption, gastric mucosa was 

almost completely normal [27]  . In our model, the animals were sacrificed 72 hours after the 

last administration of EtOH, which explains the absence of lesions that given time, and does 

not exclude the possibility of any damage to the mucosa in the days before euthanasia. The 
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absence of lesions can be explained due to the high power of the reconstructive gastric mucosa, 

for many years the regenerative capacity of the mucosa has been recognized as an extremely 

fast and efficient process [28]  . There is some evidence that explain the process of healing of 

mucosal injury, such as migration and/or proliferation of the gastric epithelium participate in 

the repair process, and the presence of endogenous factors such as prostaglandins, which 

trigger, mediating, or regulating regeneration and proliferation of the gastric mucosa in response 

to acute damage [29]  . 

Besides affecting the morphology and function of various gastrointestinal components, 

alcohol can modify a wide variety of immune responses, such as, for example, the production 

of secretory IgA, an immunoglobulin that protects the gastrointestinal mucosa [30]  , preventing 

infections pathogens and reducing aberrant absorption of allergenic proteins [31]  . sIgA is 

among the most abundant classes of antibodies found in the intestinal lumen [32]  , and appear 

to exert their anti-inflammatory effects, reducing bacterial proinflammatory pathways and 

limiting the release of cytokines induced by LPS (e.g., IL-1 and TNF). Several studies have 

shown that the sIgA level is increased in alcoholics which may be a compensatory mechanism 

of protection, to limit the damage induced by alcohol [33]  . 

In this study, analysis of the gastric and intestinal mucus has shown that the consumption of 

ethanol is capable of increasing IgA secretion, as noted in our research group [2]  . A study in 

healthy humans showed that the administration of one dose with a large amount of ethanol 

caused an increase twice sIgA in saliva compared to samples taken before ethanol consumption 

[34]  . After administration of L. lactis, we observed only a reduction of gastric IgA. Thus, it is 

proposed that L. lactis return to homeostasis of the immune system. However, the anticipated 

intake of L. lactis potentiated the effect of alcohol produces more sIgA [2]  . In this case, the 

increase of sIgA can be protecting the lining against the ingress of enteric bacteria, through the 

epithelium and maintaining the integrity of epithelial junctions. 
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Experimentally it has been shown by our research group intake of alcohol enables the 

development of an allergic inflammatory profile, represented by the increase of total serum IgE 

and IL-4 on gastric and spleen cell cultures [3]  . Confirming this study, our results also revealed 

that alcohol consumption causes increased serum IgE levels and IL-4 gastric, and increases 

intestinal IL-4 and IL-10 gastric and intestinal. 

Mast cells play a fundamental role in increasing vascular permeability, as well as up 

regulation of adhesion molecules needed for leukocyte recruitment [35]  . Being centras in 

allergic processes cells, it was expected to find an increase in the number of mast cells in the 

submucosa, which could not be observed in our study. As the animals were sacrificed 72 hours 

after the last administration of EtOH, this may explain the lack of increase in the number of 

mast cells of the large local cellular immune regulation, but does not exclude the possibility of 

the occurrence of changes days prior to euthanasia. 

Some studies have linked alcohol consumption to increased serum IgE in which show that 

many non - atopic alcoholics show an increase in the concentration of serum total IgE when 

compared to healthy controls [36-38]  . However, this increase tends to reduce after abstinence 

[37]  . 

One study showed that administration of L. lactis wild or genetically modified to secrete IL-

10, in an experimental model of allergic anaphylaxis induced by β-lactoglobulin, was able to 

reduce serum levels of IgE and anti-β-lactoglobulin IgG1 [39]  . Some studies show that prior 

consumption of probiotics, including L. lactis, in experimental models of allergies, were able 

to drastically reduce IL-4 levels in cell cultures of spleen and mesenteric lymph nodes, possibly 

by regulating the balance between Th1 and Th2 cells [40, 41]  . 

The alcohol induced changes in the balance of cytokines polarization to production of Th2 

cytokines which are correlated with elevated IgE levels in alcoholics [42]   and in animal 

models [43]  . It has been reported that alcoholics admitted to a hospital with alcohol 
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withdrawal syndrome had increased levels of some types of Th2 cytokines compared with 

healthy controls [38]  . 

Cytokines produced by Th1 and Th2 control the synthesis of IgE. Th2 cytokines, especially 

IL-4 and IL-13 are necessary for isotype switching to IgE in B - lymphocytes, in turn, Th1 

cytokines, especially IFN-γ, inhibit IgE synthesis [44]  . 

As IL-4 and IgE are potent inflammatory mediators in allergic reactions, our results suggest 

that an allergic component can be connected to ethanol consumption. Thus, it was observed that 

acute alcohol ingestion induces a Th2 inflammatory response. 

IL-10 is an important cytokine involved in regulation mechanisms in the gut. Most studies 

suggest that the predominance of a Th2 profile in the intestinal microenvironment is critical for 

the establishment of local immunoregulatory events and inflammatory bowel disease developed 

in IL-10 deficient mice associated with the breakdown of oral tolerance to enteric antigens 

[45]  . 

Alcohol interfere with mechanisms that include the induction of anti-inflammatory cytokines 

such as IL-10 and TGFß. The specific effects depend on the duration of exposure to alcohol. 

Thus, while acute exposure to ethanol increases the production of IL-10 and TGFß in 

monocytes and macrophages, chronic alcohol exposure, in most cases, is associated with 

decreased IL-10 production or prevented from increasing levels of IL-10 for counteracting the 

excessive production of proinflammatory cytokines [1]  . 

A study showed that monocyte blood samples obtained from healthy volunteers 24 h after 

an acute alcohol, showed an increase in IL-10 levels. This study reveals a clear interference of 

alcohol in IL-10 production by blood monocytes [46]   as well as observe an IL-10 enhanced 

secretion of the gastrointestinal compartment. As the stomach and intestines have 

immunoregulatory mechanisms, the increase in IL-10 can be a reflection of the compensatory 

mechanisms of IL-4 and IgE increased by exposure to alcohol. 
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As observed in our study group that L. lactis  pre-treatment modulates the inflammatory 

response induced by alcohol, by reducing serum IgE, IL-4 and IL-10 gastric and intestinal and 

IL-10 intestinal [2]   was evaluated whether treatment with this microorganism also lead to 

immune response modulation. Thus, it observed similar effects, differing only in the fact 

of L. lactis have reduced IL-10 also in the stomach. 

Our results suggest that administering a posteriori L. lactis have local and systemic 

immunomodulation contributing to impact, minimizing allergic effects of alcohol, and 

suggesting probiotic properties of the L. lactis. 

Moreover, interestingly, L. lactis intake induced an increase of IFN-γ in the stomach after 

consumption of ethanol, which was not observed any change in these levels in animals 

consumed only alcohol. 

IFN-γ is one of the most potent activators of monocytes and in combination with IL-12 form 

a key inducer in the development of Th1 type immune responses [47]   further assist in reducing 

the levels of Th2 cytokines, including IL-10 [48]  . 

A study of our research group showed that acute consumption of alcohol can also trigger a 

mixed inflammatory response types Th1/Th2 [3]  , however, in this study, there was a 

predominance of Th2 response pathway. Thus, it is suggested that as the L. lactis reduces Th2 

cytokines, it may have been a stimulus for activation of Th1 pathway, producing 

proinflammatory cytokines, such as IFN-γ that may have helped in reducing IL-10. 

This study opens perspectives for the therapeutic use of Lactococcus lactis for the treatment 

of allergic inflammatory processes elicited by acute ingestion of alcohol. Additional studies in 

humans are needed to better understand this dynamic relationship between the administration 

of probiotics and regulation of inflammatory changes in the lining of the gastrointestinal tract. 
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Figures and figure legends 
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Figure 1. Experimental design for evaluating the effect of L. lactis treatment in biometric 

and morphological parameters of mice that received prior ingestion of EtOH. (A) 

Experimental design: for four consecutive days, C57BL/6 female mice (n = 6) were given 50% 

(v/v) ethanol (EtOH) or saline solution by gavage. After 24 hours of last administration, the 

animals were administered Lactococcus lactis, M17 broth or water orally ad libitum for two 

consecutive days. Shortly after the second day of treatment, the animals were sacrificed, and 

their blood, stomach and small intestine were collected for immunological and histological 

analysis. (B) The body weight, size and weight on stomach along with histology of the stomach, 

small intestine (proximal jejunum) and liver (microscope) were evaluated. Results are 

expressed as mean ± standard error of the mean. Significant differences at p <0.05 are indicated 

by "a" when compared to saline and M17 and saline and L. lactis groups, and "b" when compared 

to the EtOH and water group. 
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Figure 2. Effect of L. lactis in immunity of the gastric and intestinal mucosa and 

biomarkers related to allergic responses in mice that received prior intake of 

EtOH. According to the experimental design, right after the end of the second day of L. lactis 

treatment, were collected washed gastrointestinal IgA analysis secretion by ELISA (A), serum 

samples for quantification of total IgE by ELISA, stomach samples mast cell counting after 

staining with Toluidine Blue, and IL-4 analysis IL-10, IL-2 and IFN-γ by ELISA, and samples 

of the small intestine (duodenum and proximal jejunum) for analysis of IL-4 and IL-10 by 

ELISA (B). Results are expressed as mean ± standard error of the mean. Significant differences 

at p <0.05 are indicated by "a" when compared to saline and M17 and saline and L. lactis groups, 

and "b" when compared to the EtOH and water group. 
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Figure 3. Summary of alterations observed after administration of ethanol and L. lactis 

treatment. Data from EtOH group - water that are presented were obtained when compared 

with the control group saline. In turn, data from the EtOH - L. lactis group were observed when 

compared to group EtOH - water. 
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Abstract 

Alcohol is a major component of diet in Western societies and can potentially influence the 

intestinal microbiota. Several studies have shown that excessive alcohol consumption alters the 

composition of intestinal microbiota in rodents and humans, disrupting the microbiota 

homeostasis. The aim of this study was to evaluate the effect of Lactococcus lactis treatment 

on the populations of gram-negative Enterobacteriaceae bacteria and lactic acid producing 

gram-positive bacteria in the gastrointestinal tract (GIT), after acute administration of ethanol. 

C57BL/6 females mice received ethanol or saline solution by gavage for four consecutive days, 

and 24 hours after the last administration, the animals were given L. lactis or M17 broth orally 

ad libitum for two consecutive days. After this, the animals were sacrificed and dissected. Their 

stomach, small intestine, and large intestine (colon) sections were washed with sterile saline 

and microbiological sampling was conducted. Ingestion of ethanol by animals strongly 

detached Enterobacteriaceae from the stomach mucosa and small intestine and suppressed 

presumptive lactic acid bacteria and presumptive L. lactis populations in the GIT. L. lactis 

treatment encouraged the diversification of Enterobacteriaceae population, particularly the 

commensal species, in the GIT. Our findings show the existence of direct and indirect effects 

of ethanol on the gastric and intestinal mucosa, limiting the adherence of the 

Enterobacteriaceae family bacteria. Additionally, L. lactis, acting as a probiotic, became more 

conducive to this environment, supporting colonization and diversification of 

Enterobacteriaceae in the GIT, which were able to survive and colonize the gastric and 

intestinal mucosa. 

 

Importance 

Clinically, the alcohol habitual consumption incurs on negative effects on different organs, 

including the gastrointestinal tract (GIT). The food manufacturing process has caused 
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biological exclusions on probiotic bacteria, thereby reducing the natural inclusion of these 

microorganisms into the human GIT. The alcohol abusive consumption associated with a diet 

based on foods sterilized by industrialization process can restrict the contact with 

microorganisms able to maintain the homeostasis of the microbial niches of intestine. The 

increase of population life expectancy require for more scientific and technological knowledge, 

as the recognition of biotherapeutic agents and their mechanisms of action. Lactic acid 

producing bacteria (LAB) are already components of food and pharmaceutical formulations. 

The assessment of Enterobacteriaceae and LAB population parameters of continuous sites of 

TGI from experimental animals subjected to intake of alcohol and treated with Lactococcus 

lactis lactis, can contributes to the improvement of biotherapeutic use in situations of alcoholic 

disorders. 

 

Introduction 

The digestive microbiota, along with its host, is one of the most complex ecosystems, but less 

known and controlled. There are two microbial groups in this ecosystem: the indigenous and 

allochthonous microbiota. The indigenous microbiota is made up of resident microorganisms 

at stable population levels in an anatomical site or at specific developmental stages of the 

individual’s life. The allochthonous microbiota is found sporadically and transitorily at any 

anatomical site, where microorganisms are acquired through ingestion of foods and beverages, 

through the skin, or upper respiratory membrane (1). 

The intestinal microbiota has three major roles in host health: resistance to colonization (inhibits 

proliferation of non-native and opportunistic native pathogens), immunomodulation (allows a 

more rapid and proper immune response during an infectious disease), and nutritional 

contribution (provides vitamins and energy substrates) (2, 3). Moreover, the presence of 

intestinal microbiota plays an important role in maintaining the mucosal structure (4). 

https://translate.googleusercontent.com/translate_f#_ENREF_1
https://translate.googleusercontent.com/translate_f#_ENREF_2
https://translate.googleusercontent.com/translate_f#_ENREF_3
https://translate.googleusercontent.com/translate_f#_ENREF_4
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Commensal microbial communities in the intestine are highly diverse at species level, but have 

low diversity at phylum level. In all vertebrates, intestinal commensal microbiota is dominated 

by two phyla: Bacteroidetes (gram-negative) and Firmicutes (gram-positive), comprising about 

90% of the phyla in the intestine. The other 10% of the total population belongs predominantly 

to the phyla Proteobacteria and Actinobacteria (5). 

The bacteria belonging to the phylum Proteobacteria are normally detectable in gastrointestinal 

samples, and this group of gram-negative bacteria is particularly diverse, although not very 

abundant, contributing to about 1% of the total microbiota (6). There are five different classes 

of Proteobacteria, namely Alphaproteobacteria, Betaproteobacteria, Gammaproteobacteria, 

Deltaproteobacteria, and Epsilonproteobacteria, among which Enterobacteriaceae, of 

Gammaproteobacteria, is the most abundant and predominant family. Most members of 

Enterobacteriaceae are associated with diarrhea (7), although the representative bacteria of this 

family are not associated with any symptoms and are pioneers in the gastrointestinal tract (GIT) 

of infants (8). Escherichia coli, the most frequent representative of this family, are often the 

most abundant facultative anaerobic bacteria in gastrointestinal samples. Different strains of E. 

coli may exhibit different properties, ranging from probiotics (9) to pathogens causing diarrhea 

and infections (10). Most of the other bacteria belonging to the Enterobacteriaceae family are 

rarely isolated from gastrointestinal samples (6). 

The dysbiosis phenomenon, caused by disturbance in homeostasis of the intestinal microbiota, 

has been associated with irritable bowel syndrome (11, 12), celiac disease (13), and food 

allergies (14). Although it is unclear whether dysbiosis is the cause or result, the factors that 

contribute to the development and progression of many of these diseases are known to influence 

the microbiota of the GIT (15). 

Dysbiosis can be caused by environmental factors commonly found in Western societies, 

including diet (16), circadian rhythm disturbance (17), and alcohol consumption (18, 19). It is 

https://translate.googleusercontent.com/translate_f#_ENREF_5
https://translate.googleusercontent.com/translate_f#_ENREF_6
https://translate.googleusercontent.com/translate_f#_ENREF_7
https://translate.googleusercontent.com/translate_f#_ENREF_8
https://translate.googleusercontent.com/translate_f#_ENREF_9
https://translate.googleusercontent.com/translate_f#_ENREF_10
https://translate.googleusercontent.com/translate_f#_ENREF_6
https://translate.googleusercontent.com/translate_f#_ENREF_11
https://translate.googleusercontent.com/translate_f#_ENREF_12
https://translate.googleusercontent.com/translate_f#_ENREF_13
https://translate.googleusercontent.com/translate_f#_ENREF_14
https://translate.googleusercontent.com/translate_f#_ENREF_15
https://translate.googleusercontent.com/translate_f#_ENREF_16
https://translate.googleusercontent.com/translate_f#_ENREF_17
https://translate.googleusercontent.com/translate_f#_ENREF_18
https://translate.googleusercontent.com/translate_f#_ENREF_19
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well established that diet influences the composition and diversity of the intestinal microbiota 

(16). 

Alcohol is one of the main components of diet in Western societies and can potentially alter the 

intestinal microbiota. Several studies in rodents and humans have shown that excessive 

consumption of alcohol alters the composition of the intestinal microbiota, causing disruption 

of microbiota homeostasis (18–21). 

Most studies indicate an association between intestinal bacterial growth induced by alcohol, 

and dysbiosis, and the development of alcoholic liver diseases and cirrhosis (15). Alcohol 

breaks down the intestinal barrier (22) by increasing oxidative stress in the intestine, which in 

turn disturbs the tight junction and promotes intestinal hyperpermeability (23). Increased 

intestinal permeability allows the translocation of microbial proinflammatory products, 

including endotoxins, such as lipopolysaccharide and peptidoglycan, and pathogens from the 

intestinal lumen into the liver via the portal vein (24). Exposure to these bacterial products, 

which cause inflammation of the liver, in association with the direct effects of alcohol may 

cause alcoholic liver disease (25). 

Restoring homeostatic composition of the intestinal microbiota can be a corrective measure for 

the changes caused by excessive alcohol intake. Probiotics, prebiotics, and synbiotics are ways 

to intervene in the intestinal microbial ecosystem (26), and scientific researches are enabling 

complete reversal of alcohol-induced intestinal dysbiosis and its consequences, using 

probiotics. 

Studies in rodents have shown that probiotics prevent alcohol-induced dysbiosis. A study in 

C57BL/6 mice given alcohol (5%, v/v) orally for 6 weeks showed that oral administration of 

Lactobacillus rhamnosus GG (109 CFU mL−1) for 6 to 8 weeks prevented ethyl dysbiosis (20). 

https://translate.googleusercontent.com/translate_f#_ENREF_16
https://translate.googleusercontent.com/translate_f#_ENREF_18
https://translate.googleusercontent.com/translate_f#_ENREF_15
https://translate.googleusercontent.com/translate_f#_ENREF_22
https://translate.googleusercontent.com/translate_f#_ENREF_23
https://translate.googleusercontent.com/translate_f#_ENREF_25
https://translate.googleusercontent.com/translate_f#_ENREF_26
https://translate.googleusercontent.com/translate_f#_ENREF_20
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Lactobacilli and bifidobacteria are most commonly used as probiotics, although other 

microorganisms, such as Lactococcus lactis, are also potent probiotics, being able to restore 

microbiota homeostasis and enhance innate defenses, such as intestinal immunoglobulin A 

secretion. Scientists have used these immunomodulatory L. lactis to protect the gastrointestinal 

mucosa of animals receiving alcohol (27); however, the effects of these bacteria on the intestinal 

microbiota of animals are still obscure. 

This study aimed to evaluate the effects of L. lactis active treatment on the structure and 

abundance of Enterobacteriaceae family gram-negative bacteria and gram-positive lactic acid 

bacteria (LAB) in the GIT of experimental animals subjected to acute ethanol ingestion. 

 

Materials and Methods 

As inflammatory response was observed in the GIT after consumption of ethanol (data not 

shown), we proceeded to investigate the association between ethanol intake and likely intestinal 

dysbiosis, which changes Enterobacteriaceae populations. We also analyzed the effect of L. 

lactis on other likely LAB populations in the GIT. 

Experimental animals 

C57BL/6 wild strain female mice (8–10 weeks old) were maintained in cages with water and 

feed (Labina, Purina®, São Lourenço da Mata, Brasil) ad libitum, at 25 ± 2°C for a photoperiod 

of 12 hours. All procedures were performed according to the rules set forth in the Guide for the 

Care and Use of Laboratory Animals (Institute of Laboratory Animal Resources, National 

Academy of Sciences, Bethesda, MD, 1996). The procedures were approved by the Ethics 

Committee for Experimentation and Animal Welfare (CEEBEA) under the advice No. 043/13. 

L. lactis 

https://translate.googleusercontent.com/translate_f#_ENREF_27
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L. lactis subsp. lactis wild type strain NCDO-2118 was cultured in M17 broth (Difco, Becton 

Dickinson) supplemented with glucose (0.5%, m/v), at 30°C without stirring for 18 hours. The 

suspension of L. lactis was calibrated to 109 viable bacteria mL−1, equivalent to 0.2 OD at 600 

nm wavelength, as measured by a spectrophotometer (Ultrospec 1100 pro; Amersham 

Biosciences, England). Bacterial suspension (5 mL) was released into bottles for ad libitum 

consumption by the animals, according to the following experimental protocol. 

Experimental design 

For four consecutive days, intragastric administration of 0.2 mL 50% (v/v) ethanol per animal 

(ethanol group) was performed. NaCl solution (0.9%, w/v) was used as a treatment control. 

After 24 hours of administration, the animals were given L. lactis or M17 broth in bottles for 

two consecutive days. Shortly after the second day of treatment ad libitum, the animals were 

sacrificed and dissected their GIT sections were washed with sterile saline. Three sites: the 

stomach, small intestine, and large intestine (colon), were separated for microbiological 

analyses. 

Figure 1 illustrates the sequence of the procedures adopted. The test involved four treatment 

groups: G1 – animals subjected to saline, treated with M17 broth (Saline and M17); G2 – 

animals subjected to saline, treated with L. lactis (Saline and L. lactis); G3 – animals subjected 

to ethanol, treated with M17 broth (ethanol and M17); and G4 – animals subjected to ethanol, 

treated with L. lactis (ethanol and L. lactis). Three animals were randomly chosen from each 

group for experiments. 

Measuring the populations of Enterobacteriaceae and presumptive LAB 

Immediately after sacrificing the animals, their stomach, small intestine (duodenum, jejunum, 

and ileum), and large intestine (colon) were removed and washed with 5, 10, and 5 mL 0.9% 

physiological saline, respectively. Then, 28.27 mm2 sections from the stomach tissue, 
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duodenum, jejunum, ileum, and colon were collected in polystyrene tubes containing 500 µL 

saline solution. The tubes were centrifuged at 150 ×g for 1 minute, for dispersion of the 

microorganisms. After decimal serial dilutions (10-1, 10-2, 10-3 and 10-4), 10 μL aliquots of the 

dilutions were plated on MacConkey Agar (Oxoid, Hampshire, UK) and deMan, Rogosa, and 

Sharpe agar (MRS agar; Acumedia, Michigan, USA). The tissue washings and the tissues were 

seeded separately. Samples were taken in triplicates and the plates were incubated at 37°C for 

24 hours, the MRS agar being incubated under microaerophilic conditions. The morphological 

characteristics of the colonies were evaluated using a stereoscopic microscope (SMZ800 

Model; Nikon Instruments Inc., Tokyo, Japan), for differentiation of microorganisms. Colony 

count was carried out using the ImageJ software (Java-based image processing program 

developed at the National Institutes of Health). 

Identification of Enterobacteriaceae 

Pure cultures of the colonies obtained from the GIT of the animals were collected and preserved 

at −80°C. For Enterobacteriaceae, each isolate was taxonomically identified using the RapID™ 

ONE System biochemical kit and ERIC® software (Remel, Thermo Scientific, Lenexa, Kansas, 

USA). Information, such as oxidase enzyme activity and lactose fermentation, were analyzed. 

Analysis of presumptive L. lactis population 

For Enterobacteriaceae, pure cultures of colonies obtained from the GIT of the animals were 

collected and preserved at −80°C. Existing colonies were grown on MRS agar and were 

subjected to Gram staining. Colonies with morphologies typical of L. lactis were recorded as 

presumptive colonies of L. lactis. 

 

 

https://en.wikipedia.org/wiki/Java_(programming_language)
https://en.wikipedia.org/wiki/Image_processing
https://en.wikipedia.org/wiki/National_Institutes_of_Health
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Statistical analysis 

Colonization intensities were expressed in terms of log CFU mm−2 or log CFU mL−1. For each 

sample record, statistic position, dispersion, and confidence interval (CI: n = 3; α = 0.05) were 

generated. Three animals from each experimental group were used, which were quantitated as 

three microbiological samples per section of the GIT. Presupposition statistics for parametric 

analysis were observed and met, using two-way analysis of variance followed by Tukey’s post-

hoc test. The significance level was set at 5% (p < 0.05). GraphPad Prism software version 6.0 

(GraphPad Software Inc., CA, USA) was used to make graphs and for statistical analysis. Total 

bacterial counts were expressed as the colonies from tissues washed with saline and desorbed 

by centrifugation. 

 

Results 

Effect of L. lactis on the abundance and diversity of Enterobacteriaceae species in the 

stomach, after ethanol intake 

It was observed that biotherapy with L. lactis favored the growth of Enterobacteriaceae 

populations in the stomach (p ≤ 0.05). When considering the effect of ethanol pretreatment on 

Enterobacteriaceae counts, it was observed that ethanol administration followed by M17 broth 

treatment resulted in significantly low bacterial counts (p ≤ 0.05). However, post-treatment with 

viable L. lactis did not significantly change the Enterobacteriaceae populations in the stomach 

(p > 0.05; Fig. 2A). 

The results presented in Figure 2B provide a relationship between biophysical adsorption of the 

bacterial cells and the mucous in the stomach of animals. It could be inferred that ethanol 

ingested by animals strongly detached the Enterobacteriaceae, and desorption of bacteria and 
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mucosa via centrifugation led to higher bacterial counts in the washings than in the tissue 

samples (p ≤ 0.05). 

Some factors related to the gastric mucosa that might influence the microorganisms in it are: 

(1) the gastric epithelium and mucosa are in continuous movement, stimulating food and debris, 

and (2) bacteria adsorb on to the mucosal lining via bacterial proteins (adhesins) combined with 

sugar or lipids, which determine colonization and medium of interaction between the bacteria 

and host cell surface (28). Ethanol as a solvent might be changing these interactions, and hence, 

the adsorption of bacteria on to the mucosa. 

The Enterobacteriaceae species diversity was more significant in the mucosal samples than in 

the stomach washings, and it was more evident in animals treated with L. lactis. There was a 

selective effect of M17 broth, regardless of pretreatment with saline or ethanol, in favor of fecal 

coliforms, particularly E. coli (Figs. 2C and 2D). In stomach samples, it was observed that 

pretreatment with ethanol followed by L. lactis treatment favored Enterobacter cloacae, 

Klebsiella pneumoniae, and Pseudomonas oryzihabitans (Fig. 2D), which were also observed 

in the gastric mucosa (Fig. 2C). 

Effect of L. lactis on the abundance and diversity of Enterobacteriaceae species in the small 

intestine, after ethanol ingestion 

Based on the total colonies recovered from the small intestine samples, it was observed that 

administration of L. lactis stimulated the growth of Enterobacteriaceae, which was more 

evident in animals pretreated with ethanol (p ≤ 0.05; Fig. 3A), being more marked in the 

jejunum section (Fig. 3B). Similar to the observations in the stomach, ethanol facilitated 

detachment of Enterobacteriaceae from the mucosa of the small intestine (p ≤ 0.05; Fig. 3B). 

In addition, a suppressive effect of these bacteria was observed on post-treatment with M17 

broth, just as in the stomach. 
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As was observed in the stomach, the most prevalent species in mucosal samples and washings 

of small intestine were several, in animals treated with LAB L. lactis. In all mucosal sections, 

the results indicated a selective effect of M17 broth, regardless of pretreatment with saline or 

ethanol, favoring fecal coliform bacteria, particularly E. coli (Figs. 3C, 3D, and 3E). In the 

different sections of the small intestine from animals pretreated with ethanol and post-treated 

with L. lactis, Kluyvera species was present in the duodenal mucosa (Fig. 3C), P. oryzihabitans 

in the jejunal mucosa (Fig. 3D), and E. cloacae in the ileal mucosa (Fig. 3E). 

We observed a similar pattern of Enterobacteriaceae species diversity in the washings and 

mucosal samples of small intestine sections from animals post-treated with L. lactis; however, 

the pattern varied between the sections of the small intestine. There was a pattern similarity 

between the duodenal and ileal mucosa and washings from animals treated with saline and L. 

lactis, unlike the pattern observed in the jejunum from animals treated with ethanol and L. lactis. 

This showed that the presence of L. lactis or its metabolites affected the Enterobacteriaceae 

populations in the small intestine (Figs. 3C, 3D, and 3E). 

Effect of L. lactis on the abundance and diversity of Enterobacteriaceae species in the large 

intestine (colon), after ethanol ingestion 

Ethanol ingestion resulted in quantitative different in animals treated with L. lactis and opposite 

phenomenon was observed in animals treated with M17 broth, regardless of prior intake of 

ethanol (p ≤ 0.05). Among the animals that ingested ethanol, no significant difference between 

the scores resulting from treatment with M17 broth and L. lactis was observed (Fig. 4A). 

The bacterial counts in the washings and colon mucosa samples did not provide a coherent 

understanding of the peeling effect of ethanol on the Enterobacteriaceae populations. One of 

the factors that might have contributed to this result is the retention of dehydrated stool, which 

might have reduced the recovery of the microbiota not adhered. However, it was observed that 
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drunken animals had higher Enterobacteriaceae counts when subjected to L. lactis treatment 

than M17 broth treatment. Among animals pretreated with ethanol, treatment with L. lactis was 

not statistically superior to treatment with M17 broth, based on lavage sample scores. Reverse 

effect was observed for mucosa samples from animals given these treatments (Fig. 4B). 

The greatest diversity was observed in animals treated with ethanol and L. lactis. There was a 

combined effect of alcohol consumption and LAB treatment on the diversity of 

Enterobacteriaceae species, being more evident in drunken animals (Figs. 4C and 4D). 

Effect of L. lactis on the abundance of presumptive LAB in the GIT, after ethanol 

ingestion 

It was noted that ethanol altered the colonization intensity of LAB in the stomach, small 

intestine, and colon, functioning largely as a repressor of these populations. Under this 

condition, there was greater variation in viable colony counts. Regardless of the pretreatment, 

a larger presumptive LAB count was observed in the small intestine, being significantly large 

in the ileum section, followed by the colon and stomach to a lesser extent (Fig. 5). 

In the large intestine, the effects of ethanol on the samples and consequently the LAB 

population counts were not statistically different between washings and mucosa samples, 

although greater number of LAB was observed. In animals not drunk, this trend was not evident, 

showing a more complex relationship with the GIT section (Fig. 5F). 

Several studies on the adhesiveness of LAB to the GIT mucous membranes have been 

conducted and this property is considered an important adaptation attribute of a probiotic. It can 

be inferred that such a mechanism is isolate-dependent (29). 
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Presumptive L. lactis isolation frequency in the GIT of mice pretreated with ethanol 

In animals pretreated with ethanol, a significant decrement in LAB L. lactis population was 

observed in the GIT sections, except in the ileum section of the small intestine (Table 1), 

suggesting the presence and/or competition between LAB in this fraction of the GIT (Fig. 5D). 

Figure 6 summarizes the changes observed in the GIT sections after ethanol administration and 

L. lactis treatment. 

 

Discussion 

Studies in rodents and humans have shown that alcohol intake stimulates bacterial overgrowth 

and intestinal dysbiosis. However, the use of probiotics, especially Lactobacillus, as biotherapy 

is able to reverse this situation, providing an interesting alternative for the treatment of alcohol 

abuse. Despite the variety of such studies, it is necessary to review the effect of other probiotics, 

such as L. lactis, on the gut microbiota. 

In this study, ethanol ingestion by animals caused a more pronounced release of 

Enterobacteriaceae from the stomach mucosa and small intestine and in part suppressed LAB 

populations throughout the GIT. 

Ethanol exerts some direct and indirect effects on gastric physiology. The intake of alcohol 

reduces gastric motility in a manner not strictly dose-dependent (30), but the motility is 

primarily influenced by non-alcoholic compounds of the alcohol. Fermented drinks prolong 

gastric emptying by more than one equivalent of ethanol solution, whereas for distilled spirits, 

the difference is not significant (30). Only alcoholic beverages produced by fermentation seem 

to increase gastric acid secretion (31), and this effect is most likely due to non-alcoholic 

compounds, such as succinic acid and maleic acid (32). 
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Most of the ingested ethanol is absorbed by passive diffusion through the duodenal and jejunal 

mucosa, proceeding from the duodenum to the ileum. The intraluminal concentration of 

ethanol, as a gradient across the epithelial lining, decreases progressively. These observations 

suggest that the interaction between ethanol and intestinal mucosa is more pronounced in the 

upper tract of the small intestine, where the intraluminal concentration of ethanol is higher and 

a significant portion of it is absorbed (33). Additionally, acute ethanol ingestion is associated 

with erosion of the intestinal villi apex, basal layer separation of the epithelium with the 

formation and later breaking of bubbles, and subepithelial disruption of the epithelial barrier. 

These effects are transient, because epithelial regeneration allows for full compensation of the 

damage within 24–48 hours (34). 

Increased intestinal permeability in alcoholics is associated with two important consequences: 

increased translocation of macromolecules from the lumen to the blood (35) and reduced 

absorption capacity of the mucosa, associated with the luminal secretion of the intestine being 

more pronounced (33). 

Alcohol interferes with the absorption of nutrients, such as glucose, amino acids, and lipids, 

and micronutrients, such as folic acid, which is essential for proper maturation and function of 

intestinal epithelial cells, thereby, creating a vicious cycle. These effects are transient. In fact, 

alcohol abstinence is associated with complete restoration of the epithelial morphology and 

function of the intestine (34). 

From the results of previous studies, it was concluded that ethanol has a toxic effect on the 

mucosal epithelium. Based on extensive experimental studies, researchers have proposed an 

indirect effect of alcohol on the mucosal microcirculation that leads to an enhanced 

transcapillary fluid filtration and subsequent disruption of the epithelial lining fluid (33). In 

additional, studies by the same group provided evidence that alcohol induces contraction of the 

villi, which leads to bubble formation at villi ends, lymphatic obstruction, and, optionally, 
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exfoliation of the villi tips when the bubble ruptures. These authors also suggested that the 

initial event in response to alcohol is an increased influx of leukocytes, leading to an increased 

release of toxic mediators, such as reactive oxygen species and leukotrienes and histamines 

from mast cells. 

Given the above, it has been suggested that the direct and indirect effects of ethanol on the 

gastric and intestinal mucosa affect the adherence of the microbiota in the mucosa, facilitating 

the detachment of Enterobacteriaceae. 

From studies in animals, there have been recent advances in the understanding of the effect of 

alcohol administration on the amount and composition of the intestinal microbiota. Using an 

interesting design based on genetic analysis of intestinal microbiota, Yan et al. (19) investigated 

the changes in the intestinal microbial community of mice that were given alcohol for 3 weeks. 

They observed a relative abundance of Bacteroidetes and Verrucomicrobia and reduction in the 

population of Firmicutes (Lactococcus, Pediococcus, Lactobacillus, and Leuconostoc genera) 

after alcohol consumption. A study based on the metagenomic analyses of the intestinal 

microbiota showed a decline in Bacteroidetes and Firmicutes populations in alcohol-treated 

mice, with an increase in gram-negative Proteobacteria and gram-positive Actinobacteria 

populations (20). 

Previous studies (26) and a study by our research group, on acute ethanol intake (data not 

shown), show that ethanol leads to an increase in Enterobacteriaceae populations. However, in 

this study, we observed that animals administered alcohol and treated with M17 broth, showed 

decrease in Enterobacteriaceae populations, especially in the stomach, and selectively favored 

E. coli throughout the GIT, showing that M17 broth behaves as a suppressor of this group of 

bacteria. 

https://translate.googleusercontent.com/translate_f#_ENREF_19
https://translate.googleusercontent.com/translate_f#_ENREF_20
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M17 broth is composed of peptone and meat, as sources of carbon, nitrogen, vitamins, and 

minerals; yeast extract, as a source of vitamin B, to stimulate the growth of bacteria; β-

glycerophosphate disodium salt, for the acid that is produced from lactose fermentation; 

ascorbic acid, which stimulates the growth of lactic streptococci; and magnesium sulfate, which 

provides essential ions for growth. Furthermore, at the time of preparation, 10% lactose is added 

to the medium. The β-glycerophosphate disodium salt, present in greater quantities in the M17 

broth, is a phosphate group donor and acts as a protein phosphatase inhibitor. Shankar and 

Davies (1977) found that β-glycerophosphate disodium in M17 broth suppresses Lactobacillus 

bulgaricus and Streptococcus thermophilus isolated selectively from yogurt. 

The results of this study showed that treatment with L. lactis favored Enterobacteriaceae 

populations and caused greater diversity of this group of bacteria in the stomach, small intestine, 

and large intestine, showing the presence of E. cloacae, P. oryzihabitans, Kluyvera species, 

Enterobacter amnigenus (normal inhabitants of the GIT), and K. pneumoniae (can cause a 

severe form of pneumonia). Although there was an increase in the population and diversity of 

Enterobacteriaceae in the GIT of animals, it was observed that L. lactis induced higher 

proliferation of these commensal microorganisms. 

Several studies have shown that probiotics may induce or inhibit changes in the composition 

and diversity of microbial species in the intestine. VSL#3, a probiotic mixture of lactobacilli 

(Lactobacillus plantarum, Lactobacillus casei, Lactobacillus acidophilus, and Lactobacillus 

delbrueckii subspecies bulgaricus), bifidobacteria (Bifidobacterium infantis, Bifidobacterium 

longum, and Bifidobacterium breve), and Streptococcus salivarius subspecies thermophilus, 

induced an increase in bacterial populations (mainly lactobacilli and bifidobacteria) and 

reduced diversity of fungi, as compared to the subjects treated with placebo. This increase in 

bacterial diversity was not caused by colonization of bacterial strains contained in VSL#3. 
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However, it is not conclusive whether the anti-inflammatory effects of probiotics are primary 

or secondary to the induction of changes in the diversity of mucosal microflora. 

In a study, a mixture of lactobacilli (L. rhamnosus GG, L. plantarum CIP102021, L. casei 

CIP107868, and L. delbrueckii subspecies lactis CIP101028) and bifidobacteria 

(Bifidobacterium bifidum CIP56.7, B. infantis CIP64.67, Bifidobacterium lactis CIP105256, 

and Bifidobacterium adolescentis CIP64.59) were used to improve colitis induced by dextran 

sulfate sodium in mice (36). This study showed that the levels of Bifidobacterium, Bacteroides, 

and L. acidophilus decreased significantly in mice with colitis, compared to controls or group 

treated with probiotic. Interestingly, although the probiotic mixture used did not contain 

Prevotella, Bacteroides, and Porphyromonas species, the animals receiving the combination 

showed normalization of probiotic bacteria levels in these groups. The authors suggest that 

maintaining levels of bacteria in the colon by probiotics may have induced changes in the 

luminal metabolism, leading to an anti-inflammatory effect. 

In order to study the impact of administration of exogenous Lactobacillus strains, commonly 

used as probiotics, on endogenous microbial populations, Fuentes et al. (37) fed L. casei and L. 

plantarum, isolated from commercially available dairy products, to mice. The authors reported 

an increase in the diversity of intestinal lactobacilli (other than L. casei and L. plantarum) in 

the feces as well as in the intestinal samples from the mice. 

Probiotics may also inhibit the growth of pathogens by production of antimicrobial compounds 

or reduce their impact through competitive exclusion to occupy binding sites on the surface of 

the mucosa. For example, Lactobacillus johnsonii La1 competes with various pathogens for the 

same binding sites in the intestine. This competition for binding sites on the mucosal surface 

can also be the mechanism by which L. casei Shirota and L. rhamnosus GG displace 

enterovirulent E. coli and Salmonella enterica Caco-2 in human intestinal mucus, in vitro (38). 
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Intestinal bacteria are able to produce a variety of vitamins, synthesize all essential and non-

essential amino acids, and perform bile biotransformation (39). Furthermore, the microbiota 

provides vital biochemical pathways for the metabolism of non-digestible carbohydrates, 

including large polysaccharides, some oligosaccharides that escape digestion, sugars and 

alcohols not absorbed from the diet, and host-derived mucins (40). This functionality results in 

energy recovery from the host substrate and a supply of energy and nutrients for host and 

bacterial growth (41). 

Many intestinal bacteria produce antimicrobial compounds and nutrients and compete for 

binding sites on the gut lining, preventing colonization of pathogens. This action is known as a 

barrier or competitive exclusion effect. The host cells in the intestinal wall have binding sites 

that can be used by pathogenic bacteria to enter the epithelial cells. Studies have shown that 

non-pathogenic bacteria compete for these attachment sites on the intestinal epithelial cells, 

blocking the binding and subsequent entry of pathogenic and enteroinvasive bacteria into the 

epithelial cells. Moreover, as bacteria compete for nutrients in their environment and keep their 

collective habitat for the consumption of all resources, enteral microbiota can increase the 

competition for pathogenic bacteria for energy resources, increasing microbial proliferation. 

Thus, the bacteria of the intestinal microbiota can inhibit the growth of its competitors by 

producing antimicrobial substances known as bacteriocins (42). 

Bacteria are essential for the early development of the immune system of the intestinal mucosa 

(41). The cells of the intestinal epithelium prevent threats from pathogens by signaling the 

innate immune system through specific receptors that recognize and bind molecules associated 

with bacteria, leading to production of a host immune response and release of protective 

peptides, cytokines, and leukocytes (39). The result can be a protective response to commensal 

bacteria, an inflammatory response to pathogenic organisms, or a trigger for host cell death 

(42). 
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Intestinal microbiota plays significant roles in both health and disease. Given its importance, 

there is a need to maintain an appropriate balance, which can be ensured by dietary 

supplementation of probiotics. Probiotics can confer health benefits to the host by modulation 

of the intestinal microbiota, microbiota stabilization after using antibiotics, alleviation of 

lactose intolerance symptoms, stimulation of immune response, relief from constipation, 

treatment of diarrhea, promotion of gastrointestinal colonization, resistance to pathogens, 

increased absorption of minerals, and vitamin production (41). Given the above, L. lactis acts 

as a probiotic, because it modulates the intestinal microflora and prevents the colonization of 

pathogenic microorganisms in the mucosa. 

While assessing the survival of L. lactis in gastric and intestinal mucosa, the presence of this 

microorganism was observed in all sections of the GIT, however, alcohol reduced the 

proliferation of L. lactis in the organs. 

Daniel and colleagues (43) investigated the temporal and spatial distribution of L. lactis 

subspecies cremoris in the GIT of mice using bioluminescence and found that it took about 90 

minutes for L. lactis to reach the cecum and colon. After 4 and 6 hours of intragastric 

administration, the bacteria were localized along the cecum and colon, and after 24 hours, no 

microorganisms were detected in the intestines of mice. Moreover, these authors demonstrated 

that animals receiving L. lactis by gavage for 4 days showed no L. lactis in the GIT 24 hours 

after the last administration. This showed that externally administered L. lactis usually persists, 

but does not replicate actively or permanently to colonize the GIT. 

In a study on axenic mice with intragastric administration of L. lactis subspecies lactis (106 

CFU animal−1), rapid growth of the bacteria was observed during the first 48 hours. The 

population of L. lactis was stable up to three months after the administration and showed no 

notable change during this period. By investigating the distribution of L. lactis in the different 

compartments of the lower digestive tract, the authors showed the presence of a large population 

https://translate.googleusercontent.com/translate_f#_ENREF_34
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of L. lactis in the cecum. These data indicate that L. lactis adapts well to the physicochemical 

conditions of the digestive tract and has the ability to extract food resources to maintain a high 

level of its population (44). 

To maintain the modulating activity of L. lactis in the GIT, continuous ingestion of a sufficient 

number of bacteria, for proliferation and colonization in the intestine, would be required. 

Intestinal colonization probability may increase after consumption of a greater number of viable 

cells. 

Probiotics should be resistant to enzymes present in the oral cavity (e.g., lysozyme) and to 

digestion in the stomach conditions (e.g., exposure to low pH). As bacteria reach the intestinal 

tract, the bile in the duodenum of the small intestine is known to reduce their viability. 

Therefore, the ability to tolerate bile is another necessary characteristic of probiotics (45). Perrin 

et al. (46) have reported that the toxic effects of bile can be alleviated partially by adding a 

carbohydrate, which can be metabolized by certain strains of Bifidobacterium. The bile 

tolerance of some strains of Lactococcus varies according to the type of carbohydrate in the 

growth medium (47). 

Intestinal adherence is important for many bacterial species for colonization of the GIT. It has 

been suggested that this adhesiveness is associated with the hydrophobicity of a strain (45). 

Growth conditions and stress can have a profound effect on the composition of lipid fatty acids 

and subsequently the hydrophobicity of the bacterial strain (48). 

Kimoto-Nira et al. (45) evaluated the growth and survival of L. lactis subspecies lactis at low 

pH, grown with different carbohydrate sources, and observed that after exposure to pH 2.5 the 

number of viable cells reduced. They also investigated the effect of bile on L. lactis, showing 

that in the absence of bile, the bacterial growth was lower in the presence of fructose, xylose, 

galactose, and lactose; whereas in the presence of bile, the bacterial growth was significantly 

https://translate.googleusercontent.com/translate_f#_ENREF_37
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lower on xylose and even lower on galactose. In the survival study, the number of colonies 

decreased in all carbon sources tested after incubation with bile, being lower in cells cultured 

on lactose. The authors investigated whether the type of carbohydrate affects the 

hydrophobicity and the fatty acid composition of the strain and observed that the strain grown 

on lactose had a high hydrophobicity. 

The in vitro conditions of the simulated GIT are different from the in vivo conditions. For 

example, in the digestive tract, organisms administered orally are exposed to certain pH and 

digestive enzymes in the stomach, followed by exposure to bile in the intestine. 

Studies have reported that alcohol can alter gastric pH, reduce intestinal motility, and disrupt 

bile production (49). Therefore, in this study, it was observed that although gastric and intestinal 

disorders caused by alcohol had been present, L. lactis, which was cultured in the presence of 

lactose and glucose, survived in the GIT with a decrease in bacterial proliferation. 

Our findings point to the existence of direct and indirect effects of ethanol on the gastric and 

intestinal mucosa, limiting the adherence of the Enterobacteriaceae family bacteria. In 

addition, it was observed that L. lactis, acting as a probiotic, became more conducive to this 

environment, supporting colonization and diversification of Enterobacteriaceae in the GIT, 

leading to proliferation, especially of commensal species, which were able to survive and 

colonize the gastric and intestinal mucosa. The biotherapeutic modulation of the intestinal 

microbiota with this LAB appears to be a promising strategy to reduce alcohol-induced injuries 

in the GIT. 
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Figures and figure legends 

 

Figure 1. Experimental design. For four consecutive days, C57BL/6 female mice (n = 3) were 

given 50% (v/v) ethanol (EtOH) or saline solution by gavage. After 24 hours of last 

administration, the animals were administered Lactococcus lactis or M17 broth orally ad 

libitum for two consecutive days. Shortly after the second day of treatment, the animals were 

sacrificed and their stomach, small intestine, and large intestine (colon) were collected. 
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Figure 2. Effect of Lactococcus lactis on the abundance and diversity of Enterobacteriaceae 

species in the stomach, after ethanol (EtOH) administration. (A) Total colonization 

intensity. (B) Fractionated colonization intensity in the mucosa and washing samples. (C) 

Species diversity in the mucosal samples. (D) Species diversity in the washings (Washed). (A 

and B) Values are expressed as mean ± confidence interval for α = 0.05. (C and D) Values are 

expressed as mean ± SEM, for three animals per group. * The results for mucosa are expressed 

as log CFU mm−2, whereas the results for washings are expressed as log CFU mL−1. M17, M17 

broth. 
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Figure 3. Effect of Lactococcus lactis on the abundance and diversity of Enterobacteriaceae 

species in the small intestine, after ethanol (EtOH) administration. (A) Total colonization 

intensity. (B) Fractionated colonization intensity in the mucosa and washing samples. (C) 

Species diversity in the duodenal mucosa. (D) Species diversity in the jejunal mucosa. (E) 

Species diversity in the ileal mucosa. (E) Species diversity in the washings (Washed). (A and 

B) Values are expressed as mean ± confidence interval for α = 0.05. (C, D, E, and F) Values 

are expressed as mean ± SEM, for three animals per group. * The results for mucosa are 

expressed as log CFU mm−2, whereas the results for washings are expressed as log CFU mL−1. 

M17, M17 broth. 
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Figure 4. Effect of Lactococcus lactis on the abundance and diversity of Enterobacteriaceae 

species in the large intestine (colon), after ethanol (EtOH) administration. (A) Total 

colonization intensity. (B) Fractionated colonization intensity in the mucosa and washing 

samples. (C) Species diversity in the mucosal samples. (D) Species diversity in the washings 

(Washed). (A and B) Values are expressed as mean ± confidence interval for α = 0.05. (C and 

D) Values are expressed as mean ± SEM, for three animals per group. * The results for mucosa 

are expressed as log CFU mm−2, whereas the results for washings are expressed as log CFU 

mL−1. M17, M17 broth. 
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Figure 5. Effect of Lactococcus lactis on the abundance of lactic acid bacteria in the 

gastrointestinal tract, after ethanol (EtOH) administration. (A) Total colonization intensity 

in the stomach. (B) Fractionated colonization intensity in the mucosa and washing samples 

from the stomach. (C) Total colonization intensity in the small intestine. (D) Fractionated 

colonization intensity in the mucosa and washing samples from the small intestine. (E) Total 

colonization intensity in the large intestine (colon). (F) Fractionated colonization intensity in 

the mucosa and washing samples from the large intestine (colon). Values are expressed as mean 

± confidence interval for α = 0.05, for three animals per group. * The results for mucosa are 

expressed as log CFU mm−2, whereas the results for washings are expressed as log CFU mL−1.  
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Figure 6. Summary of changes observed in the gastrointestinal tract sections, after ethanol 

(EtOH) administration and Lactococcus lactis treatment. The data are presented for EtOH 

group, which was administered ethanol and treated with L. lactis or M17 broth, and were 

obtained in comparison to the saline control group. The M17 broth group was administered 

saline or ethanol and was treated with M17 broth. In turn, the data for the L. lactis group, which 

was previously administered ethanol and was treated with L. lactis, were obtained in 

comparison to the saline control group. 
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Table 1. Quantitative analysis of presumptive Lactococcus lactis in the 
gastrointestinal tract, after ethanol (EtOH) administration and L. lactis 
treatment. 

Organ L. lactis EtOH - L. lactis p-value 

Stomach       

     Washed 5,67 ± 0,02 3,74 ± 0,48 < 0,0001 

     Mucosa 4,59 ± 0,09 3,65 ± 0,05 < 0,01 

Small intestine       

     Washed 5,26 ± 0,13 3,75 ± 0,05 < 0,0001 

     Duodenal mucosa 5,33 ± 0,01 3,90 ± 0,03 < 0,0001 

     Jejunal mucosa 4,77 ± 0,01 3,21 ± 0,08 < 0,0001 

     Ileal mucosa 5,04 ± 0,03 4,69 ± 0,06 > 0,05 

Large intestine       

     Washed 6,11 ± 0,02 5,48 ± 0,01 < 0,05 

     Mucosa 5,50 ± 0,14 4,58 ± 0,17 < 0,01 

Values are expressed as log CFU mL−1 for washed and log CFU mm−2 for mucosal 
samples. The data are reported as mean ± SEM, for three animals per group.  
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4 CONCLUSÕES  

 

 

 Nas condições experimentais utilizadas neste estudo, conclui-se que o tratamento com 

Lactococcus lactis em animais que ingeriram etanol: 

 reverteu o aumento no tamanho e peso gástricos. 

 reduziu o grau de degeneração hepática, representado por uma menor presença de áreas 

vacuolizadas no interior dos hepatócitos. 

 reverteu o aumento na produção de IgAs na mucosa gástrica. 

 reverteu sinais clássicos de inflamação alérgica, através da redução dos níveis séricos 

de IgE total, dos níveis de IL-4 e IL-10 nas mucosas gástrica e intestinal, além de 

aumentar os níveis de IFN-γ gástrica. 

 favoreceu as populações de Enterobacteriaceae.  

 provocou maior diversidade de Enterobacteriaceae no estômago, intestino delgado e 

intestino grosso, evidenciando a presença de Enterobacter cloacae, Pseudomonas 

oryzihabitans, Kluyvera sp., Enterobacter amnigenus (habitantes normais do TGI) e 

Klebsiella pneumoniae (microrganismo patogênico).  

 

 A ingestão de etanol pelos animais: 

 provocou um desprendimento mais acentuado das Enterobacteriaceae da mucosa do 

estômago e intestino delgado. 

 suprimiu em parte as populações de BAL em todo TGI. 

 reduziu a proliferação de L. lactis nos órgãos do TGI. 
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ANEXO A – Normas da revista do produto 1 
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ANEXO B – Normas da revista do produto 2  
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