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1- RESUMO

Introducdo: Em relagdo ao figado, a esteatose ¢ a consequéncia mais comum do
consumo abusivo do etanol e predispde a doenga hepatica mais grave. Os mecanismos
da doenga hepatica alcodlica ndo sdo plenamente conhecidos e as terapias sdo escassas.
Os objetivos desta tese foram: 1) averiguar os efeitos do etanol no figado, utilizando o
zebrafish como modelo experimental; 2) avaliar o tratamento com o Lactobacillus
rhamnosus GG (LGG) na esteatose hepatica; 3) observar os efeitos do etanol e do

tratamento com o LGG no comportamento do zebrafish.

Métodos: Foram realizados trés experimentos utilizando peixes zebrafish, adultos, wild-
type. O primeiro experimento foi formado por dois grupos, Controle (C) e Etanol (E),
com 52 animais em cada um. O grupo E foi exposto a 0,5% de etanol por quatro
semanas. Foram conduzidas analises histologicas e moleculares dos genes il-1b, tnf-o,
il-10, sirtl, adiponectina e adipor2 nos figados dos animais. No 2°experimento foram
avaliados quatro grupos: Controle (C), Probidtico (P), Etanol (E) e Probidtico + Etanol
(P + E), com 220 animais respectivamente. Durante quatro semanas os grupos P + E e
P foram alimentados com racdo com o probidtico LGG e os grupos E e C com ragao
sem probidtico. Foram realizadas analises histologicas e morfométricas no tecido
hepatico, quantificagdes de lipideos séricos e hepaticos. No 3° experimento, os grupos
C, E, P ¢ P+E foram formados (n=15 animais por grupo) e, apés duas semanas, o
comportamento dos animais foi analisado no teste open-tank com o programa ANY-

maze®.

Resultados: No 1° experimento os animais do grupo E apresentaram intensa esteatose
hepatica, aumento de glicogénio plasmatico associado as goticulas lipidicas, alteragdes
no reticulo endoplasmatico rugoso ¢ degeneragdo de canaliculos biliares. Houve
acentuacdo na expressdo hepatica de il-1b, tnf-a, sirtl e do adipor2, indicando que o
etanol desencadeou resposta inflamatoria e de protecdo hepatica. No 2° experimento, o
grupo E apresentou intensa esteatose apds quatro semanas, ao contrario do grupo P + E.
A morfometria celular mostrou um aumento de 14,8 vezes no tamanho dos hepatocitos
do grupo E (4° semana) quando comparado com C (p <0,0001). Os triglicerideos séricos
diminuiram no grupo P + E em comparagdo com C, P (p <0,001) e E (p = 0,004). O

colesterol sérico do grupo P diminuiu comparado aos grupos C e E na segunda semana
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(p = 0,002 e p=0,007) e do grupo P + E diminuiu comparado aos grupos E e C (p
<0,0001), na quarta semana. As concentragdes de triglicerideos hepaticos reduziram no
grupo P + E na quarta semana em comparag¢do com E (p = 0,006). No 3° experimento,
0s animais expostos ao etanol apresentaram menor ansiedade em relacdo ao novo
ambiente, evidenciada pela maior exploracdo da area superior do aquario. O efeito

desibinidor do etanol ndo foi significativamente atenuado pelo tratamento com o LGG.

Conclusdes: Os resultados do primeiro estudo indicaram que o etanol desencadeia uma
série de eventos celulares e moleculares e que a inflamacdo desempenha papel
significativo na esteatose hepatica. No segundo, foi demonstrado que o tratamento com
LGG diminuiu os niveis séricos de triglicerideos e de colesterol, atenuando a esteatose
hepatica. O terceiro estudo mostrou que o etanol teve efeito significativo no

comportamento do zebrafish, que ndo foi modificado pelo LGG.

Palavras-chave: Doenca hepatica alcoolica, Esteatose hepatica, Inflamacio,

Lactobacillus rhamnosus GG, Comportamento, Etanol, Zebrafish.



2- ABSTRACT

Introduction: Regarding to the liver, hepatic steatosis is the most common consequence
of abusive alcohol consumption and predisposes to more severe liver disease. The

mechanisms of alcoholic liver disease are not fully known and therapies are scarce.

The objectives of this thesis were: 1) to verify the effects of ethanol in the liver using
the zebrafish as an experimental model; 2) to evaluate a treatment with the probiotic
Lactobacillus rhamnosus GG (LGG) in hepatic steatosis; 3) to observe the effects of

ethanol and treatment with LGG in zebrafish behavior.

Methods: Three experiments were performed using zebrafish, adult, wild-type. For the
1* trial, two groups were formed: Control (C) and Ethanol (E), with 52 animals in each
group. E group was exposed to 0.5% ethanol during four weeks. Histological and
molecular analysis of genes il-1b, tnf-a, il-10, sirtl, adiponectin, and adipor? were
conducted in zebrafish livers. For the 2™ trial, four groups were evaluated: Control (C),
Probiotic (P), Ethanol (E) and Probiotic + Ethanol (P + E). During four weeks, the P + E
and P groups were fed with food supplemented with LGG and E and C groups received
food without probiotic. Histological and morphometric analysis in liver tissue,
measurements of serum and hepatic lipids were performed. In the 3" trial, C, E, P and P
+ E groups were formed and after two weeks, the animals' behavior was analyzed in

open-tank test with ANY-maze® program.

Results: In the 1% trial, animals in E group developed severe liver steatosis and cell
abnormalities were observed: increase of glycogen associated to lipid droplets,
alterations in the rough endoplasmic reticulum, degeneration of biliary canaliculi with
presence of myelin figures inside. Increased hepatic expression of il-1b, tnf-a, sirtl and
adipor? possibly indicates that ethanol triggered both inflammatory and hepatic
protection responses. In the 2™ trial, E group presented severe steatosis after four weeks,
in contrast to the E + P group. Cell morphometry showed a 14.8 fold in hepatocytes size
of E (4™ week) compared to C group (p <0.0001). Serum triglycerides decreased in the
P + E group compared with C, P (p <0.001) and E groups (p = 0.004). Serum

cholesterol decreased in P group compared to C and E groups at second week (p = 0.002
3



and p = 0.007) and in E + P group decreased compared with E and C groups (p
<0.0001) at fourth week. Liver triglycerides were reduced in the P + E group at the
fourth week compared to E group (p = 0.006). In the 3" trial, there was an alteration in
the behavior of animals exposed to ethanol compared to that non-exposed, an effect not

significantly attenuated by treatment with LGG.

Conclusions: Results of the first study indicate that ethanol triggers a series of cellular
and molecular events and inflammation plays a significant role in hepatic steatosis.
Then, it was shown that treatment with LGG decreased serum levels of triglycerides and
cholesterol, attenuating hepatic steatosis. The third study showed that the ethanol, but

not LGG has a significant effect on zebrafish behavior

Key-words: Alcoholic hepatic disease, Hepatic steatosis, Inflammation,

Lactobacillus rhamnosus GG, Behavior, Ethanol, Zebrafish.
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6 - INTRODUCAO

O alcoolismo é uma das doengas mais devastadoras, tanto em seus aspectos
psiquicos como fisicos. A Organizacdo Mundial da Satde (OMS) estima que 4,5% da
carga global de doengas e lesdes e 4% de todas as mortes no mundo sdo atribuiveis ao
consumo excessivo de alcool (OMS, 2011). A doenca hepatica alcodlica é uma
importante causa de doenca hepatica cronica (GAO & BATALLER, 2011). Dados
globais mostraram que, no ano de 2010, a cirrose foi responsavel por 493.300 mortes
(47,9%) atribuiveis ao consumo de alcool, sendo 156.900 6bitos femininos e 336.400
masculinos (RHEM et al,, 2013). O céancer hepatico, atribuivel ao alcool, foi
responsavel por 80.600 mortes (14.800 6bitos femininos e 65.900 masculinos) (RHEM
et al., 2013). No Brasil, estima-se que 70 a 80 % das doencgas hepaticas terminais sdo
causadas por consumo excessivo de alcool e por hepatites virais, ambas as doengas
passiveis de prevencdo (da SILVA et al., 2006). Estudo mais recente, onde foram
avaliados o uso/dependéncia de alcool e a prevaléncia da cirrose de etiologia ndo viral
no Brasil, revelou que 3% e 1% respectivamente, de DALY (Disability Adjusted Life
Years) sdo atribuiveis ao consumo excessivo de alcool (PORTUGAL et al., 2015).
Considerando-se as dez primeiras causas de DALY para homens, o consumo abusivo de
alcool ocupou a segunda, terceira e sexta posi¢des nas idades de 15-29, 30-44 e 45-59
anos, respectivamente. A cirrose ocupou a oitava posicdo no grupo de 30-44 anos; a
quinta, no de 45-59 e a oitava, no de 60-69 anos. A distribuicdo dos agravos por faixa
etaria sugere que intervencdes direcionadas ao uso/dependéncia de alcool poderdo ter

efeitos na incidéncia de cirrose alcodlica no pais (PORTUGAL et al., 2015).

O alcool/etanol ¢ altamente difusivel através das membranas celulares, assim, a

sua toxicidade afeta a maioria dos 6rgdos. O seu metabolismo ocorre principalmente no
9



figado, tornando-o um dos principais alvos para a lesdo induzida pelo etanol. A
hepatotoxicidade esta relacionada com a quantidade ingerida, a frequéncia e o tempo de
consumo, € o sexo, sendo a mulher mais suscetivel do que o homem (O’SHEA et al,,
2010). Na figura 1 estdo demonstrados os fatores de risco e o espectro das lesdes
hepaticas causadas pela exposi¢do cronica ao etanol, que abrange desde esteatose a

esteato-hepatite, fibrose, cirrose e hepatocarcinoma.

Fatores de Risco
FPadrao de consumao

Sexo
Comorbidades
Dieta
Genética - 4
. Cisidads : Esteatohepatite
Figado \ ‘{
| mormal |
J_l L N l Fﬁ. i 1 T l
1 il L 4 B
Consumo g
cronico ' Y 5 r
de alcoo o,
s

A e ¥ o e
Esteatose Fibrose Cirrose HCC

FIGURA 1- Aspecto histologico das lesdes hepaticas e fatores de risco causados pela exposigao
cronica ao etanol. HCC=hepatocarcinoma. Fonte: Adaptado de Gao & Bataller, 2011.

A doenga hepatica alcoodlica (DHA) tem uma patogénese complexa. E bem aceito
o conceito de que hd um processo multifatorial, envolvendo fatores genéticos,
nutricionais, ambientais, anormalidades do metabolismo energético, estresse oxidativo,
mecanismos imunologicos e condi¢des de comorbidade hepatica (O'SHEA et al., 2010;
GAO & BATALLER, 2011; RUSYN & BATALLER, 2013).

Apesar dos avangos que vem sendo obtidos no conhecimento dos mecanismos da
DHA, aspectos de sua patogénese e progressio ainda ndo estdo completamente
elucidados e pouco progresso tem sido feito no manejo de pacientes alcoolistas. A
abstinéncia continua sendo a intervengdo terapéutica mais importante no tratamento da

DHA (O'SHEA et al., 2010).
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Estudos experimentais e clinicos tém apontado para a importancia da microbiota
intestinal no curso da DHA: camundongos com muta¢do do receptor tipo Toll-4
(UESUGI et al., 2001) ou tratados com antibioticos (ADACHI et al., 1995), sao menos
propensos ao desenvolvimento da DHA, evidenciando o papel das endotoxinas
intestinais no desencadeamento da inflamagdo hepatica; em pacientes com hepatite
alcodlica, observou-se que os niveis de endotoxinas plasmaticas sdo marcadamente
elevados (FUJIMOTO et al., 2000). Yan e colaboradores mostraram que a indugao
intragastrica continua de etanol, resulta em supercrescimento bacteriano e substituicdo
da microbiota comensal por uma patogénica (YAN et al., 2011). O aumento da
translocag@o de endotoxinas para o figado ¢ propiciado pelo aumento da permeabilidade
do epitélio intestinal, provocado principalmente pelo acetaldeido, um dos metabolitos
do etanol (RAQO, 2009). Os probidticos, devido a sua capacidade de aderir e fortalecer a
barreira intestinal e de competir com patdégenos, podem ser uma terapia viavel para o
controle dos danos provocados pelo etanol e seus metabodlitos na microbiota e na parede

intestinal, evitando ou aliviando o agravamento da DHA.
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7- REVISAO DA LITERATURA

7.1 ESTEATOSE HEPATICA ALCOOLICA

O etanol ingerido ¢ absorvido a partir do trato gastrointestinal e metabolizado
prioritariamente no figado, por meio de trés sistemas enzimaticos: 1) a via da alcool
desidrogenase (ADH); 2) o sistema microssomal hepatico de oxidacdo do etanol ou
MEOS (microsomal ethanol oxidizing system), que envolve o citocromo P450 2E1
(CYP2E1), principal componente do sistema; 3) a via da catalase, uma via menor,
localizada nos peroxissomas dos hepatocitos (LIEBER, 2005; LIU, 2014). Multiplos
fatores associados com o metabolismo do etanol contribuem para o desenvolvimento e
agravamento da DHA: diminui¢do da taxa redox de NAD'/NADH; a formagdo
excessiva de acetaldeido, metabdlito extremamente hepatotoxico; aumento do estresse
oxidativo; disturbios no funcionamento mitocondrial e estresse do reticulo
endoplasmatico; e diminuicdo da oxidacdo dos lipidios. O aumento de gordura no
figado, causado pelo metabolismo do etanol, é considerado o gatilho inicial da DHA

(GAO & BATALLER, 2011; CEDERBAUM, 2012).

Do ponto de vista anatomopatologico, costuma-se classificar a doenga hepatica
alcodlica (DHA) em estagios: esteatose, esteato-hepatite, fibrose e cirrose (O'SHEA et
al., 2010). Esta divisdo é esquematica, uma vez que, as vezes, as lesoes histologicas
coexistem no mesmo paciente. Na primeira etapa, o aspecto histologico € a esteatose,
na sequéncia predominam a necrose e a inflamag¢do. A doenga cursa com fibrose
progressiva e com a formagdo de nddulos regenerativos, que nas fases mais avangadas,
subvertem a arquitetura hepatica, caracterizando o quadro de cirrose, cujas principais

consequéncias sdo a hipertensdo portal e a disfun¢do hepatica. A esteato-hepatite ¢
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considerada a fase intermediaria da DHA, porém se admite a possibilidade de evolucdo
para cirrose sem passar pelo estdgio de esteato-hepatite. Nestes casos, ainda na fase da
esteatose, haveria formagdo de fibrose perivenular que poderia evoluir para fibrose
septal e cirrose (GONCALVES et al., 2006).

A primeira entidade a ser considerada no processo de lesdo alcoodlica no figado ¢
a esteatose. Embora haja uma consideravel variabilidade entre os individuos no que
concerne a dose toxica de etanol para o figado, comumente a esteatose desenvolve-se
em 90-95% dos homens que consomem doses de etanol entre 40-80 g/dia e mulheres
que ingerem 20-40 g/dia, porém também pode ocorrer em individuos com um consumo
menor (O’SHEA et al; 2010; CECCARELLI et al., 2014).

A esteatose hepatica ¢ usualmente assintomatica ¢ pode desaparecer apos 4-6
semanas de abstinéncia, no entanto, em 5-15% dos individuos ocorre progressdao para
fibrose (O’SHEA et al; 2010). Apds o surgimento da esteatose, um conjunto de fatores
contribuiria para a progressio da DHA: producdo de citocinas, fatores genéticos,
disfuncdo mitocondrial, estresse oxidativo, comorbidades, metabolismo energético,
nutri¢do e mecanismos imunologicos (TSUKAMOTO et al., 2009).

Nesta breve revisdo abordaremos os aspectos principais da metabolizacdo
hepatica do etanol e o papel de alguns genes envolvidos com a protegdo e com
processos inflamatorios hepaticos: a adiponectina, seus receptores (ADIPORI e
ADIPOR?2), a Sirtuina-1 (SIRTI), o Fator de Necrose Tumoral (TNF-a) e as

Interleucinas 10 e 1-b (IL-10 e IL-1b).

A esteatose caracteriza-se pelo acimulo de gordura, principalmente
triglicerideos, em > 5% dos hepatocitos (YEH & BRUNT, 2014). A exposi¢do ao
etanol ativa fatores de transcri¢do do metabolismo lipidico que estimulam a lipogénese e

inibem a oxidacdo de acidos graxos (GAO & BATALLER, 2011). Por uma via, ocorre a
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ativacao do fator de transcricdo SREBPIc (sterol regulatory element binding protein-1-
¢), que induz genes envolvidos na sintese hepatica de triglicerideos (DONOHUE, 2007,
LIU, 2014); por outra via, o etanol inibe reguladores de transcri¢do cruciais para a
oxidacao dos lipidios hepaticos, como a adiponectina, a SIRTI, PPAR-a (peroxisome
proliferator-activated receptor-alpha) e PPAR-y (peroxisome proliferator-activated
receptor-gamma), € a AMPK (AMP-activated kinase) (YOU & ROGERS, 2009).

A adiponectina ¢ uma adipocina, primariamente expressa e secretada a partir do
tecido adiposo, com propriedade de reduzir a deposigdo lipidica em diversos orgaos,
possui acdo anti-inflamatéria e melhora a resisténcia insulinica (SHEN et al., 2010;
SILVA et al., 2014). Além de favorecer a oxidacdo dos acidos graxos, a adiponectina
antagoniza o TNF-a (YOU & ROGERS, 2009). Embora seja sabido que o consumo
cronico de etanol leva ao aumento das concentragdes de TNF-a, ainda ndo esta claro se
o aumento do TNF-a provoca a reducdo de adiponectina ou se a supressdo da producdo
de adiponectina pelo etanol conduz ao aumento dos niveis séricos e hepaticos do TNF-a
(KASER et al., 2005; YOU & ROGERS, 2009; RASINENI & CASEY, 2012). Os
principais receptores da adiponectina sao o0 ADIPORI (receptor 1 da adiponectina), que
se expressa de forma mais ampla nos tecidos, e o ADIPOR2 (receptor 2 da

adiponectina) que se expressa predominantemente no figado (YOU & ROGERS, 2009).

Parece haver sinergismo entre 0 ADIPOR2 e a SIRTI. A SIRTI esta envolvida na
regulacdo de adipocinas, como a adiponectina, ¢ na regulacdo dos seus receptores. Foi
observado que o aumento na expressdo de SIRTI promove a elevacdo dos niveis de
mRNA do ADIPOR?2 no figado (BANKS et al, 2008; FEIGE et al, 2008). A SIRTI,
assim como a adiponectina ¢ o ADIPOR2, parece ter um efeito protetor frente a

esteatose hepatica, tanto alcoolica como nao alcodlica (FEIGE et al., 2008; PFLUGER
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et al.,2008; LI et al., 2014). Os beneficios do aumento de expressdo da SIRT! também

incluem a melhora do estado inflamatorio e melhor tolerancia a glicose (LI et al., 2014).

Além do disturbio das rotas lipogénicas, a exposi¢do cronica ao etanol afeta o
sistema imunologico, ativando reagdes da imunidade inata e modulando a expressdo de
genes relacionados com a inflamacdo (GAO et al., 2011; GAO, 2012). As reacdes
imunolégicas desencadeadas pelo consumo abusivo do etanol se devem a diversos
fatores: efeitos toxicos do etanol e de seus metabdlitos no tecido hepatico,
principalmente o acetaldeido; formagao de adutos de proteinas; aumento do estresse
oxidativo; disbiose e aumento da permeabilidade intestinal; translocacdo de
lipopolissacarideos (LPS) intestinais pela circulagdo portal para o figado
(MANDREKAR & SZABO, 2009; BEIER, 2011).

O receptor tipo Toll-4 (TLR-4) pode reconhecer especificamente os LPS e
induzir a ativagdo de genes inflamatorios (GAO et al., 2011), como o TNF-a, a IL-1b ¢
outras citocinas pro-inflamatoérias (KAWARATANI et al., 2013). No figado, o aumento
de expressdao do TNF-a esta relacionado em diversos processos fisioldgicos: inflamagao,
proliferacdo celular e apoptose (KAWARATANI et al., 2013). A ativagdo do TNF-o
esta associada com piora da DHA (KAWARATANI et al., 2013).

A ativacdo da imunidade inata também esta relacionada ao aumento da
produgdo de citocinas pro e anti-inflamatorias (GAO, 2012). A elevacdo dos niveis de
IL-10 e IL-6, durante a exposi¢do ao etanol, parece ser uma estratégia de defesa do
organismo para controlar a inflamagao e reparar o figado danificado (GAO, 2012).

A IL-1b é uma potente citocina pro-inflamatoria. Dados recentes tém fornecido
evidéncias para o papel da IL-1b na esteato-hepatite ndo alcodlica (MIURA et al.,
2010). Foi observado recentemente, em modelos animais ¢ em seres humanos com

DHA, que os niveis de IL-1b se apresentam aumentados de forma significativa no
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figado e no soro (PETRASEK et al., 2012; BERTOLA et al., 2013). A IL-1b ¢ ativada
via PRRs (Pattern-Recognition Receptors) e sintetizada em resposta a estimulos de
PAMPs (Pathogen-associated molecular patterns) ¢ DAMPS (Danger-associated
molecular patterns) (KAWARATANI et al.,, 2013). Petrasek e colaboradores
mostraram que a ativagdo da sinalizacdo de IL-1b ¢ necessaria para o desenvolvimento
da esteatose, inflamacdo e lesdo hepaticas induzidas pelo etanol. (PETRASEK et al.,
2012).

A inflamagdo é um dos principais fatores da progressio da DHA e um alvo
atrativo para intervengdo terapéutica. Novas terapias que visem inibir a esteatose e a
inflamacdo serdo benéficas para retardar ou evitar a progressdo da doenca (MATHEWS

& GAO, 2013).

7.1.1 CONSIDERACOES SOBRE O TRATAMENTO PARA A DOENCA HEPATICA
ALCOOLICA

A patogénese de DHA ¢ um processo dindmico, caracterizado por interagoes
envolvendo aspectos genéticos, ambientais, nutricionais e imunoldgicos. Estudos
realizados em seres humanos revelaram que a esteatose hepatica ocorre em praticamente
todos que consomem etanol em excesso, a esteato—hepatite em cerca de um terco dos
casos, podendo evoluir para cirrose em cerca de 8-20% dos usuarios cronicos (O'SHEA
etal.,2010; GAO & BATALLER, 2011). Fatores genéticos podem, talvez, explicar por
que apenas uma minoria dos alcoolistas cronicos desenvolve DHA. Por outro lado, a
identificagdo criteriosa dos individuos com alto risco podera contribuir para a aplicacdo

de estratégias terap€uticas preventivas, inovadoras e eficazes.

As opcdes farmacoldgicas para o tratamento da DHA sdo limitadas e dependem

de adequada caracterizagdo da fase da doenga. Ainda ndo estdo bem definidos os fatores



que promovem o desenvolvimento da esteatose, a evolugdo para hepatite alcoolica e a

progressao para a cirrose (GAO & BATALLER, 2011).

Novos alvos terapéuticos estdo sendo identificados para o tratamento da doenga
hepatica alcodlica, entre eles, a microbiota intestinal (GAO & BATALLER, 2011).
Assim, recentemente, alguns autores vém preconizando o uso de antibioticos,
prebidticos, probidticos e simbidticos na DHA (DHIMAN et al., 2014,
MALAGUARNERA et al, 2014). O racional da utilizacdo destas substincias é a
constatagdo dos elevados niveis plasmaticos de endotoxinas nos individuos com
ingestdo acentuada de 4lcool. Sabe-se que nos alcoolistas cronicos ocorrem mudangas
quantitativas e qualitativas na composicdo da microbiota intestinal, a endotoxemia ¢
comum e ocorre devido a diversos fatores: crescimento aumentado de bactérias
intestinais, aumento da permeabilidade intestinal e uma reduzida depuracdo das
endotoxinas pelas células de Kupffer (HARTMANN et al., 2015; SZABO, 2015). O
conhecimento recente de que a microbiota ocupa um papel central na patogénese da
DHA, estimulou a busca de estratégias terapéuticas focadas no microbioma intestinal. A
finalidade ¢ impedir a endotoxemia, através da inibicdo do crescimento excessivo das

bactérias intestinais patogénicas, prevenindo a transloca¢do para outros 6rgaos.

Em resumo, a grande variacdo individual na susceptibilidade e na evolucao da
DHA dificulta o tratamento eficaz da doenga. Atualmente os principais focos da terapia
sdo a inibicao da inflamagdo e da fibrogénese. Embora a situacdo clinica dos pacientes
deva orientar o tratamento, deve-se enfatizar que a abstinéncia do alcool e a nutricdo
adequada continuam a ser pilares importantes no manejo dos pacientes. A abstinéncia
ndo reverte a DHA avancada, mas melhora aspectos histologicos e, de acordo com

Diehl, aumenta a sobrevida dos pacientes (DIEHL, 2002).
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7.1.2 EFEITOS DO ETANOL NO EIXO ENTERO-HEPATICO

Loguercio e colaboradores (LOGUERCIO et al., 2002) cunharam o termo
"eixo entero-hepatico", ao sugerir que a microbiota intestinal pode afetar a homeostase
do figado. Como o figado recebe continuamente sangue a partir do intestino, através do
sistema portal, ha um relacionamento préoximo e constante entre ambos. Em condic¢des
normais, a integridade da barreira epitelial intestinal, a composicdo equilibrada de sua
microbiota, a vigilancia constante do sistema imunologico, minimizam a ac¢do dos
produtos bacterianos que chegam ao figado através do sistema portal (HARTMANN et
al., 2015). No figado, os hepatocitos e as células de Kupffer eliminam os produtos
bacterianos, mantendo assim o estado imunotolerante e a auséncia de inflamagdo ativa
(HENAO-MEIJIA et al., 2013; SZABO, 2015). A microbiota intestinal normal pode ser
definida como todas as espécies do ecossistema envolvidas numa relacdo simbidtica
com o hospedeiro (IANNITTI & PALMIERI, 2010). O termo disbiose refere-se ao
desequilibrio destas comunidades microbianas e¢ tem sido relacionado com diversas
enfermidades, embora ndo esteja claro se o desequilibrio da microbiota seja a causa ou
consequéncia das doengas (IANNITTI & PALMIERI, 2010).

O consumo cronico de bebidas alcodlicas pode acarretar o aumento da
permeabilidade intestinal, a disbiose, a translocacdo de endotoxinas para o figado e
sangue, ativar a produg@o de citocinas e de espécies reativas de oxigénio, e iniciar a
cascata inflamatoria (SZABO & BALA, 2010). Adachi e colaboradores mostraram, em
estudo experimental com ratos, que o uso de antibioticos atenuou a endotoxemia e a
lesdo hepatica apds um longo periodo de exposicdo ao etanol, evidenciando o papel

relevante da endotoxemia na DHA (ADACHI et al., 1995).
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Henao-Mejia e colaboradores recentemente relataram que a composi¢do da
microbiota intestinal esta associada com a exacerbacdo do processo inflamatério e com
a esteatose hepatica (HENAO-MEJIA et al., 2013). O TLR-4 tem a funcdo de
reconhecer componentes bacterianos que chegam ao figado e enviar sinais para outras
células que participam da reacdo inflamatodria. Isto leva a um aumento da expressdao do
TNF-a ¢ a progressdo do dano hepatico (HENAO-MEIJIA et al., 2013). E interessante
notar que a ativagdo dos componentes da imunidade inata, além de iniciar a lesdo
hepatica, pode também desencadear mecanismos de hepatoprotecdo, de regeneragdo e
de respostas anti-inflamatérias, que desempenham um papel compensatorio contra a

lesdo hepatica e a inflamacao (GAO, 2012).

7.1.3 EFEITOS DO ETANOL NO EIXO ENTEROCEREBRAL

O eixo enterocerebral ¢ a comunicacao bidirecional entre o intestino e o cérebro,
e ocorre através de multiplas vias: hormonais, neurais e mediadores imunitarios
(CRYAN & DINAN, 2012). Os sinais ao longo deste eixo podem ter origem no
intestino, no cérebro ou em ambos e a perturbacdo deste sistema, além de afetar os
processos digestivos, resulta em alteragdes na resposta ao estresse € no comportamento
(CRYAN & O' MAHONY, 2011; DE PALMA et al., 2014). O cérebro pode influenciar
0s micro-organismos comensais (microbiota entérica) indiretamente - via alteragdes na
motilidade, nas secrecdes e na permeabilidade intestinal, ou diretamente - via a
sinalizacdo de moléculas liberadas no lumen intestinal por células da lamina propria
(RHEE et al., 2009). O interesse no papel da microbiota no eixo enterocerebral ¢é
relativamente novo. Observou-se que ¢ essencial na determinagao das funcdes normais

do intestino, na imunidade e, mais recentemente, investiga-se o seu papel como
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modulador do comportamento do hospedeiro (RHEE et a/ 2009; BERCIK et al., 2011;
COLLINS et al., 2012; LYTE, 2013; MATSUMOTO et al.,, 2013), levando a criagdo do
termo '"eixo microbiota-intestino-cérebro". Discute-se atualmente a associacdo da
disbiose intestinal com distirbios intestinais funcionais e sua relacdo com o estresse

psicologico.

Sabe-se que o etanol exerce variados efeitos em diversos orgdos do corpo,
especialmente no trato gastrointestinal ¢ no sistema nervoso central (SPANAGEL,
2008). As perturbagdes neuroquimicas causadas pela presenca do etanol em sitios
cerebrais especificos geram efeitos indiretos em uma variedade de neurotransmissores /
neuropeptideos, determinando alteragdes comportamentais tipicas do abuso de consumo
alcodlico: desinibicao, sedacao, e até, hipnose, conforme as concentragdes crescentes de

etanol (SPANAGEI, 2008).

Diversas bactérias comensais tém a capacidade de gerar neurotransmissores ¢
neuromoduladores: Lactobacillus spp. e Bifidobacterium spp. produzem GABA (acido
gama aminobutirico), Escherichia spp., Bacillus spp. e Saccharomyces spp.,
noradrenalina, Candida spp., Streptococcus spp., Escherichia spp. e Enterococcus spp.,
serotonina, Bacillus spp., dopamina e Lactobacillus spp., acetilcolina (CRYAN &
DINAN, 2012). Ha evidéncias de que a disbiose modula o sistema nervoso periférico e
central, levando a alteragdes comportamentais (COLLINS & BERCIK, 2013). A
reducdo da quantidade de micro-organismos secretores de substancias
neurotransmissoras e a ativagdo de um estado inflamatério, causados por um
desequilibrio da microbiota intestinal, devem ser consideradas como efeitos deletérios

do consumo cronico de etanol no cérebro.
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7.2 PROBIOTICOS: LACTOBACILLUS RHAMNOSUS GG

A microbiota desempenha fungdes vitais essenciais para a manutencao da satde,
incluindo o processamento de alimentos, digestdo de polissacarideos ndo digeriveis
complexos e sintese de vitaminas (QUIGLEY, 2013). Além disso, produz uma série de
compostos bioativos que inibem agentes patogénicos, metabolizam compostos toxicos e
modulam o metabolismo do hospedeiro. Disturbios da microbiota residente tém sido
implicados em uma lista cada vez maior de enfermidades (QUIGLEY et al., 2012).

A importancia da manuten¢do de uma microbiota intestinal saudavel tem sido
reconhecida de maneira empirica ha bastante tempo, porém recentemente tem se dado
uma atengdo especifica ao potencial dos probidticos como agentes preventivos e
terapéuticos. O termo probidtico refere-se a micro-organismos vivos (bactérias ou
leveduras), ndo patégenos, que administrados em quantidades adequadas conferem
beneficios a satide do hospedeiro (FAO, 2002). De acordo com a legislacdo brasileira,
os probidticos sdo definidos como suplementos alimentares microbianos vivos que
afetam beneficamente o organismo pela melhora do seu balango microbiano (ANVISA
—resolucdo RDC n® 323, 10/11/2003). Na tabela 1 estdo apresentados os beneficios que
0s probidticos conferem ao hospedeiro.

As comunidades residentes que compdem a microbiota sdo conhecidas como
autéctones, porém, também existem comunidades transitorias, que se estabelecem
apenas durante um determinado periodo. Entre estes micro-organismos transitorios,
estdo os probiodticos, a maioria dos quais ndo coloniza permanentemente o trato

digestivo (GUARNER & MALAGELADA, 2003; NAVA & STAPPENBECK, 2011).
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Tabela 1: Mecanismos de Acdo dos Probioticos

Atividade Antimicrobiana

| ph luminal

Secrecdo de peptideos antimicrobianos

Inibi¢ao de invasdo bacteriana

Bloqueio da adesdo de bactérias as células epiteliais

Protecio da Barreira Intestinal
Aumento da produgdo de muco
Contribuigdo para a integridade da barreira

Imunomodulagéo

Efeitos nas células epiteliais
Efeitos nas células dendriticas
Efeitos nos monoécitos/macrofagos
Efeitos nos linfocitos

Fonte: NG et al., 2009.

As propriedades das bactérias probioticas estdo relacionadas ndo somente com o
género da bactéria, mas também com sua cepa. Uma cepa especifica produz beneficios
especificos, assim o efeito de uma cepa bacteriana ndo pode ser extrapolado para outras
do mesmo género (GUARNER & MALAGELADA, 2003). As cepas probioticas sdo
catalogadas pelo género, espécie e recebem uma identificacdo alfanumérica, por
exemplo, Lactobacillus casei DN-114 001 ou Lactobacillus rhamnosus GG (ATCC
53103). Um bom probidtico deve possuir as seguintes caracteristicas: 1) aderir ao tecido
epitelial do trato intestinal; 2) excluir ou diminuir a aderéncia de patégenos; 3)
permanecer, multiplicar-se, produzir acidos, peréxido de hidrogénio e bacteriocinas
antagonistas ao crescimento de patéogenos; 4) ser seguro, ndo invasivo, ndo
carcinogénico € ndo patogénico; 5) ser capaz de viabilizar a formagdo de uma
microbiota intestinal saudavel no hospedeiro (IANNITTI & PALMIERI, 2010;
SEGERS & LEBEER, 2014).

Os probidticos estdo disponiveis como suplementos alimentares, na forma de po,

capsulas e tabletes, ou em alimentos, como iogurtes, queijos, leites fermentados e nao
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fermentados, em sumos e bebidas de soja, ou ainda em produtos terapéuticos, onde sdo
adicionados liofilizados (BOSSCHER et al., 2009). A concentragdo viavel de probiotico
no produto deve ser de aproximadamente 10" unidades formadoras de coldnias

(UFC)/mL (POCHART et al., 1989).

A manipulacdo da microbiota, seja por uso de antibidticos, prebidticos ou
probiodticos, tem mostrado resultados promissores na regressdao da DHA. A tabela 2
apresenta estudos que avaliaram os efeitos de diferentes probioticos na doenga hepatica
alcodlica em seres humanos, em animais e in vitro. Os resultados sugerem que a
administracao oral de probioticos pode impedir a progressao da esteatose e melhorar os
niveis séricos da aspartato transaminase (AST) e da alanina transminase (ALT), evitar o
agravamento da permeabilidade intestinal provocada pelo etanol, melhorar a
endotoxemia, impedir o supercrescimento de bactérias patdgenas no intestino e a

translocagdo intestinal para o figado.

Tabela 2: Estudos que envolvem o uso de probidticos na DHA

Probidtico Modelo Resultado Autores
Experimental
L. acidophilus, L.  Murino Protegdo contra endotoxemia e Marotta et
helveticus translocacdo bacteriana. al., 2008
B. bifidum
L. brevis Murino Melhora da AST, ALT e da esteatose ~ Segawa et
hepatica. al., 2008
B. bifidum e L. Seres Melhora dos testes laboratoriais Kirpich, et
plantarum humanos hepaticos. al., 2008
(n=90)
L. rhamnosus Murino Diminuigdo da hiperpermeabilidade =~ Forsyth et
intestinal e do estresse oxidativo. al., 2009
L. casei MYLO1 In vitro Supressdo de citocinas pro- Chiu et al.,
inflamatorias e indugéo de I1-10. 2013
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VSL#3 Murino Suspensdo da translocagdo bacteriana Chang et
e diminui¢do na expressdo de TNF-a. al., 2013

L. rhamnosus GG Murino Abrandamento da endotoxemia, da Bull-
esteatose hepatica e da expressdo de  Otterson et
proteinas relacionadas ao aumento da  al., 2013
permeabilidade intestinal.

Escherichia Murino Reducao do estresse oxidativo e da Singh et
Coli Nissle 1917 hiperlipidemia. al., 2014
B. bifidum, Seres Redugdo do supercrescimento Kwak et
B. lactis, B. humanos bacteriano, sem melhora da al., 2014
longum, (n=53) permeabilidade intestinal.

L. acidophilus, L.
rhamnosus, S.
thermophilus

O Lactobacillus rhamnosus GG (LGG), ATCC 53103, foi originalmente isolado
a partir de amostras fecais humanas por Sherwood Gorbach e Barry Goldwin, por isso
as letras GG em seu nome. Bactéria Gram-positiva e anaerobia, o Lactobacillus
rhamnosus GG foi identificado como uma potencial estirpe probiotica, inicialmente
devido a sua excelente resisténcia ao acido biliar e boa capacidade de adesdo a camada
epitelial intestinal (KANKAINEN et al., 2009). A aderéncia a parede intestinal ¢ um
aspecto crucial para acdo do probiodtico, e pode ser estudada por diferentes métodos, tais
como cultura obtida de bidpsia, analises moleculares e microscopia ultraestrutural
(KANKAINEN et al., 2009). O Lactobacillus rhamnosus GG adere ao muco ¢ as
células epiteliais intestinais cerca de 10 vezes mais eficientemente do que outros
probioticos (KANKAINEN et al., 2009).
O genoma do LGG ja foi totalmente mapeado (MORITA et al., 2009) e seus
efeitos tém sido extensivamente estudados em ensaios clinicos e experimentais
(VANDENPLAS et al., 2014). Diversas acgdes terapéuticas do probiotico LGG estdo

bem documentadas, incluindo o tratamento de infec¢des gastrointestinais, atuagdo como
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imunomodulador (SINDHU et al., 2014, LIEVIN-LE MOAL & SERVIN, 2014),
prevencdo de alergias e modulagdo do perfil lipidico (KEKKONEN et al, 2008;

KUMAR et al., 2013).

7.3 ZEBRAFISH COMO MODELO EXPERIMENTAL

O Danio rerio (Hamilton, 1822) conhecido popularmente como zebrafish ou
peixe zebra ou ainda, no Brasil, como paulistinha, pertence a familia Cyprinidae ¢ é um
pequeno peixe teledsteo (3 - 4 cm) de agua-doce, originario da India (Figura 2). O seu
genoma foi totalmente mapeado (CHEN & EKKER, 2004) e tornou-se um modelo de
experimentacdo para o estudo de mecanismos genéticos e biologicos de numerosas

doengas humanas (BRIGGS, 2002).

Figura 2: Aspectos do zebrafish fémea e macho: a fémea e o macho adultos podem
ser distinguidos pelo formato do corpo. O macho possui forma mais delgada, torpedo shape
(direita) e a fémea possui forma mais arredondada, com abdémen claro e protuberante
(esquerda). Foto: zfin.org.

O manejo, a facilidade de reprodugdo e de manutencdo e os métodos
laboratoriais para cultura do zebrafish ja foram bem estabelecidos por Westerfield
(WESTERFIELD, 2007). Em geral, os peixes utilizados em pesquisa laboratorial sdo de
pequeno porte, de forma que se pode montar um laboratério em espacos reduzidos. Sua

manutencdo ¢ de baixo custo quando comparada com a exigida por animais

experimentais mais tradicionais, como roedores, por exemplo. Além disso, o zebrafish é
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um modelo promissor por apresentar caracteristicas moleculares, bioquimicas, celulares
e fisiologicas muito semelhantes aos mamiferos (LIESCHKE & CURRIE, 2007).
Apresenta elevada taxa de fecundidade, transparéncia de embrides e larvas, rapido
desenvolvimento, tornando-se ideal para investigagdo da organogénese e de aspectos do
desenvolvimento embrionario.

Estudos toxicologicos (HAMMES et al., 2012, DRIESSEN et al., 2015),
investigacdo de mecanismos de carcinogénese quimica (REKHA et al, 2008) e
screening de novas drogas (GIBERTI et al., 2013, MUSSULINI ef al., 2013)
comprovam a versatilidade do zebrafish. Algumas caracteristicas, como 0 seu pequeno
tamanho, a sensibilidade as drogas e o rapido metabolismo trazem uma significativa
economia e vantagens experimentais que o qualificam como modelo para observagdo de
efeitos diretos de agentes quimicos e farmacos.

Como pode ser observado na tabela 3, este peixe apresenta diversas reagdes ao
etanol, tanto em exposi¢do aguda como cronica, de modo semelhante aos mamiferos. Os
resultados mostraram a relevancia do zebrafish como um modelo promissor para
desvendar os mecanismos da doenca alcoolica e possiveis alvos para o tratamento do
alcoolismo. Outros modelos (murinos) de alcoolismo cronico, demonstraram a eficacia
do probidtico LGG na redugdo da inflamacgdo hepatica (WANG et al., 2013), melhora
da disbiose ¢ da permeabilidade intestinais (WANG et al., 2011; BULL-OTTERSON et
al., 2013; BAJAIJ et al., 2014), atenuacdo da endotoxemia (WANG et al., 2012), ¢
fortalecimento da barreira intestinal (FORSYTH et al., 2009; WANG et al., 2012). A
utilizagdo do zebrafish para investigagdo da a¢do do probidtico LGG em modelo de

exposicdo alcodlica, até 0 momento, nao tem relatos encontrados na literatura.
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Tabela 3: Estudos sobre os efeitos da exposicdo ao etanol em Zebrafish

Tipo de estudo | Caracteristicas Achados Autor /Ano
do animal
Farmacologico Adultos A taurina diminuiu os niveis de Rosemberg et al., 2012
etanol no cérebro
Comportamental Adultos O etanol diminuiu a percepgio de Oliveira et al., 2013
risco
Toxicologico Adultos Toxicidade do etanol no sistema Zenki et al., 2014
glutamatérgico
Sindrome Embrides Problemas nas fungdes cognitivas
alcodlica fetal em animais adultos Fernandes et al., 2014
Adultos Alteragdes nos niveis de
Neuroquimico neurotransmissores Chatterjee et al., 2014
Esteatose hepatica e sobre-
Larvas expressdo de Atf6 associada a Howarth et al., 2014
Hepatico lipogénese
Desenvolvimento Embrides
Retardo do Crescimento Lantz-McPeak et al., 2014
Morfolégico Embrides Deformidades e alteragdes na Shan et al., 2015
morfologia neuronal

7.3.1 ASPECTOS DO APARELHO DIGESTORIO DO ZEBRAFISH

O trato digestivo do zebrafish adulto ¢ composto de boca, faringe, esofago,
intestino e anus, ndo apresentando estomago. O esdfago se diferencia em intestino, que
consiste em um tubo longo inicialmente largo e progressivamente mais estreito no
sentido rostral-caudal. O intestino preenche a cavidade abdominal e possui trés divisdes
funcionais: anterior, média e posterior. A por¢do anterior, também conhecida como
bulbo intestinal, ¢ maior ¢ é o principal local de digestdo de proteinas e lipideos. O
bulbo, a por¢do média e o tergo anterior caudal do intestino do zebrafish correspondem
ao intestino delgado dos mamiferos, e a por¢do posterior corresponde ao intestino
grosso, terminando no anus (WANG et al., 2010). Em comparacdo com o intestino dos
mamiferos, o intestino do zebrafish tem uma arquitetura simples, porém a regido das
vilosidades e criptas intestinais ¢ homologa em estrutura e funcdo (DI GIULIO &

HINTON, 2008). O segmento intestinal posterior possui uma quantidade maior de
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bactérias do que o seguimento anterior, como nos mamiferos (RAWLS et al., 2004). A

figura 3 mostra o figado, bago e intestino do zebrafish.

O figado do zebrafish é responsavel pelas mesmas fungdes metabolicas do figado
dos mamiferos, incluindo o processamento ¢ armazenamento de nutrientes, sintese de
enzimas e cofatores, excre¢do de metabolitos ¢ de compostos xenobiodticos (WOLF &
WOLFE, 2005). Do ponto de vista anatomico o figado do zebrafish adulto possui dois
lobos posicionados no eixo dorso-ventral, levemente lateral ao intestino e a outros
orgdos do sistema gastrointestinal (SADLER et al, 2007). Os hepatocitos estdo
arranjados como corddes que apresentam um padrdo de organizacdo mais ou menos
cilindrico, onde se encontram pequenos ductos biliares. Estes ductos intra-hepaticos sdo
derivados de canaliculos biliares e formam uma rede de canais onde a bile ¢ coletada e
transportada para a vesicula biliar e intestinos através de ductos maiores do sistema
biliar extra-hepatico (LORENT et al., 2004; TAO & PENG, 2009). Este sistema de
coleta e transporte da bile se d4 de maneira semelhante em mamiferos (LORENT et al.,

2004; TAO & PENG, 2009).
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A diferenca mais significativa entre o figado dos mamiferos ¢ dos peixes
teledsteos € a inexisténcia do classico 16bulo hepatico, com os respectivos espagos-
porta. O peixe possui veia porta, artérias hepaticas e ductos biliares distribuidos
aleatoriamente no parénquima hepatico (TAO & PENG, 2009). No zebrafish ndo foram
ainda identificadas células de Kupffer. Na figura 4 & apresentado um esquema das

diferengas morfoldgicas entre o figado de mamiferos e dos teledsteos.

Figura 4: Comparagdo da arquitetura hepatica de mamiferos e teledsteos. (A)
Representaciao esquematica do lébulo hepatico dos mamiferos: o espago porta (circulos
brancos); placas com duas camadas de hepatdcitos dispostos ao redor dos lobulos hepaticos (h).
Cada espago porta contém um ramo da artéria hepatica (ha), um ramo da veia porta (pv) e 1 a 2
ductos biliares interlobulares (b). Os canaliculos apicais estdo localizados adjacentes aos
hepatdcitos (c). As placas possuem capilares, chamados de sinusdides (em azul), que se
caracterizam pelas suas dilatagdes irregulares. As células endoteliais desses capilares estdo
separadas dos hepatocitos apenas por uma lamina basal. O sangue passa pelos capilares, e os
seus metabolitos atravessam rapidamente as células endoteliais, chegando aos hepatocitos. Esta
rapida troca metabdlica se da ndo somente para a absor¢do de nutrientes e oxigénio, mas
também para a secre¢do de metabdlitos sintetizados nos hepatocitos. O sangue entra no 16bulo
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hepatico através dos ramos da veia porta (pv) e da artéria hepatica (ha) e flui através dos

sinus6ides em direg¢@o a veia central (cv). (B) Representagdo esquematica do figado tubular

do teledsteo: os ramos da veia porta (pv), da artéria hepatica (ha) e ductos biliares (b) nédo estdo

agrupados no espago porta. Os hepatocitos estdo arranjados em tubulos ao invés de placas e os

tubulos rodeados pelos sinuséides. Pequenos ductos biliares se encontram dentro dos tiibulos.
Fonte: Adaptado de LORENT et al., 2004.

Apesar destas singularidades, o zebrafish tem se mostrado um modelo viavel
para estudos hepaticos. Ja foram observados que o etanol em exposi¢do aguda
(PASSERI et al., 2009), alteragdes no metabolismo da metionina (MATTHEWS et al.,
2009), estresse do reticulo endoplasmatico (THAKUR et al, 2011), drogas
hepatotoxicas (HAMMES et al., 2011) e obesidade (FORN-CUNI ez al., 2015) podem
desencadear esteatose hepatica no zebrafish. Em estudo recente, Sapp e colaboradores
observaram que a frutose induziu um fenétipo similar ao da esteato-hepatite nao
alcodlica, caracterizado por presenga de esteatose, estresse oxidativo e inflamacdo
(SAPP et al., 2014). Tomados em conjunto, estes estudos indicam que o zebrafish

desenvolve esteatose hepatica em resposta a insultos semelhantes aos dos mamiferos.

30



8- JUSTIFICATIVA

O alcoolismo e as doengas relacionadas ao consumo cronico de etanol sdo
verdadeiros desafios para o sistema de saude no mundo ocidental. A doenca hepatica
alcodlica (DHA) ¢ uma das principais causas de hepatopatia cronica.

A utilizacdo do probidtico Lactobacillus rhamnosus GG, como agente
terapéutico nas etapas iniciais da DHA, pode justificar-se por sua atividade
imunomoduladora e protetora da barreira intestinal. Além disso, apresenta a vantagem
de ser um produto seguro, de facil obtengdo e custo acessivel.

Esta tese busca elucidar aspectos da DHA e a acdo do probiotico LGG, em um

modelo de alcoolismo cronico, utilizando o zebrafish como animal de experimentagdo.
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9- QUESTOES DE PESQUISA

1. A exposicdo cronica ao etanol pode causar alteragdes patologicas no figado do
zebrafish?

2. O Lactobacillus rhamnosus GG, bactéria ndo autoctone do zebrafish, pode
colonizar o intestino deste animal na presenca do etanol?

3. O Lactobacillus rhamnosus GG pode ser uma terapia viavel para o tratamento da
esteatose hepatica alcoolica?

4. O probidtico LGG pode atenuar os efeitos do etanol no comportamento neste

modelo de exposi¢do alcoodlica cronica?
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10- HIPOTESES

1) A exposicdo cronica ao etanol causa esteatose e provoca distirbios inflamatérios e

estruturais no figado do zebrafish.

2) A intervengdo com o probidtico Lactobacillus rhamnosus GG pode prevenir ou

atenuar a esteatose hepatica causada pela exposi¢@o cronica ao etanol.

3) Considerando-se a atividade dos probioticos no eixo enterocerebral, o LGG poderia

minimizar os efeitos do etanol no comportamento do zebrafish.
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11-OBJETIVOS

11.1 OBJETIVO GERAL

Estudar as alteracdes hepaticas por exposicdo cronica ao etanol e o efeito do
tratamento com o Lactobacillus rhamnosus GG, utilizando o zebrafish (Danio rerio)

wild type, adulto.

11.2 OBJETIVOS ESPECIFICOS

1. Avaliar o efeito do etanol no figado do zebrafish por analises histologicas;

2. Analisar no tecido hepatico a expressdo dos genes — Adiponectina, Receptor 2 de
adiponectina, Sirtuina-1, Fator de necrose tumoral - o, Interleucina 1b e
Interleucina 10;

3. Avaliar a colonizagdo intestinal do zebrafish pelo probiotico LGG;

4. Investigar os efeitos do etanol e do probidtico Lactobacillus rhamnosus GG no
soro e no tecido hepatico do zebrafish;

5. Avaliar o comportamento dos animais submetidos ao etanol e tratados com o

probidtico LGG.
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12- CAPITULO I - ARTIGO I

Chronic Exposure to Ethanol Causes Steatosis,
Inflammation and Ultrastructural Abnormalities in

Zebrafish Liver
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CHRONIC EXPOSURE TO ETHANOL CAUSES STEATOSIS, INFLAMMATION
AND ULTRASTRUCTURAL ABNORMALITIES IN ZEBRAFISH LIVER

Aims: Alcohol remains one of the most important causes of liver disease worldwide.
Steatosis is a common consequence of alcohol abuse and may predispose to more severe
hepatic disease. Knowledge of alcohol injury mechanisms will contribute to the
development of novel therapies in the treatment of alcoholic liver disease. Our goal is to
evaluate the effects of ethanol in liver and to analyze the expression of genes linked to
hepatic inflammation in adult zebrafish chronically exposed to ethanol. Methods:
Zebrafish (n=104), wild type, adult, male and female, were divided into two groups:
Control and Ethanol (0.05 v/v). After two and four weeks of trial, livers were dissected,
histological analysis (hematoxilin-eosin and Oil Red staining) and gene expression
assessment of adiponectin, adipor2, sirtl, tnf-a, il-1b and il-10 were performed.
Ultrastructural evaluations were conducted at fourth week. Results: Exposing zebrafish
to 0.5% ethanol developed intense liver steatosis after four weeks, as demonstrated by
oil red staining. In ethanol-treated animals, the main ultrastructural changes were related
to cytoplasmic lipid particles and droplets, increased number of RER cisterns and
glycogen particles. Between two and four weeks, hepatic mRNA expression of il-1b,
sirt] and adipor? were upregulated, indicating that ethanol triggered signaling
molecules which are key elements in both hepatic inflammatory and protective
responses. Adiponectin was not detected in the liver of animals exposed or not exposed
to ethanol, and i/-10 did not show significant difference. Conclusions: Data suggest that
inflammatory signaling and ultrastructural alterations play a significant role during

hepatic steatosis.

Key-words: Alcoholic fatty liver; Ethanol; Hepatic steatosis; Inflammation; Zebrafish.
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INTRODUCTION

Alcoholic liver disease (ALD) encompasses a wide spectrum of injury,
ranging from simple steatosis, leading to steatohepatitis, fibrosis and finally to cirrhosis.
2 Hepatic steatosis is the first and most common consequence of alcohol abuse,
develops in about 90 — 95% of individuals who drink heavily, is usually asymptomatic
and self limited; but may also occur in individuals who drink moderately.” Several
studies have suggested that progression to more severe liver disease occurs in about 5%-
20% of alcohol consumers.' As a consequence, it is important to better understand the
pathogenesis of hepatic steatosis and the relationship between steatosis and liver injury.

Excessive accumulation of triglycerides in hepatocytes is the hallmark of
hepatic steatosis. The source of triglyceride in the liver of ethanol consumers may be
originated from disturbances of fatty acid oxidation mechanisms, oxidative stress,
mitochondrial dysfunction, endoplasmic reticulum stress, alterations in lipogenic and
lipolytic pathways and immune responses to ethanol.***” A number of molecular
mediator pathways regulating the synthesis, export, and oxidation of lipids have been
discovered to be altered by ethanol: sterol regulatory element-binding proteins,
peroxisome proliferator-activated receptors alpha and gamma, adiponectin, sirtuins, and
others.®

Zebrafish is increasingly used as an in vivo model system for translational
research, since zebrafish have a high degree of genetic conservation and their
morphological and molecular basis of tissue and organ development is either identical
or similar to other vertebrates including humans.”'® In previous studies regarding to
hepatic diseases related to ethanol, zebrafish proved to be a valuable strategy for

identifying lipogenic mechanisms, genes and pathways that influence hepatic steatosis.
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1121314 gtydies focused in inflammatory pathways in steatosis are scarce and are not

completely elucidated. Chronic ethanol consumption results in the activation of innate
immunity and an inflammatory state, which contributes to the pathogenesis of ethanol-
induced liver injury. The expression of tumoral necrosis factor-alpha (tnf-a),
interleukins 1b and 10 (il-1b and il-10), adiponectin, adiponectin receptor 2 (adipor2)
and sirtuin-/ (sirt/) were evaluated and histological and ultrastructural evaluations were

performed in liver of adult zebrafish after chronic ethanol exposure.

METHODS
Animals

Wild-type, adult zebrafish (Danio rerio), male and female, were purchased from
a commercial distributor (Fish Flower, Porto Alegre, RS). The animals were of
heterogeneous wild type stock from the standard short-fin phenotype and were housed
for 2 weeks before the experiments in order to acclimate to the laboratory facility. Fish
were maintained in aerated water at 28 + 2°C, 6.8 — 7 pH, on a 12/12 light/dark
photoperiod cycle (lights on at 7:00 am). The animals were fed twice a day with fish
food. Experiments were performed using a total of 104 animals. All fish used in this

study were healthy and free of any signs of disease.

After acclimation period, the fish were randomly allocated into experimental
tanks, density of 1 fish per liter of water. The following groups were performed
(n=52/each group): Control (C) and Ethanol (E). E group received 0.5% (v/v) of ethanol
(Merck KGaA, Germany) directly added into water; tank water was changed every two

days and the ethanol replaced.”” The tank water of C group was also changed in same
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days of E group. At 2 and 4 weeks, fish were euthanized by hypothermal shock'® and

livers were completely removed for molecular and histological analysis.

The protocols were approved by the Research Ethics Committee of Hospital de
Clinicas de Porto Alegre, Brazil (number 10.0327), and conducted in accordance with

international guidelines for the care and use of laboratory animals.
HISTOLOGICAL ANALYSIS

Livers of zebrafish dissected at 2" and 4™ weeks were stained with hematoxylin
and eosin (n=5/group) or Oil Red (n=5/group). Livers were fixed in 10% formalin,
embedded in paraffin wax, sectioned (5 pum), and slices were stained with hematoxylin
and eosin. Livers embedded in Tissue-Tek OCT Compound (Sakura Finetek, USA)
were cryosectioned (8um thick) and stained with Oil Red (Sigma-Aldrich, USA) to

assess fatty droplet accumulation.

For ultrastructural evaluation, 2 fish (male) livers of C and E groups were fixed
in 2.5% glutaraldehyde diluted by 0.12 M phosphate buffer (pH 7.2 - 7.4) for 3 h at 4°C.
The material was washed three times in the same buffer at 30-min intervals and then
post-fixed for 30 min in 1% buffered osmium tetroxide followed by a phosphate buffer
(0.1 M) wash three times at 15-min intervals. Livers were dehydrated using ascending
grades of alcohols and embedded in an epon-araldite mixture. Ultrathin sections (90
nm) were stained with 2% uranyl acetate and 1% lead citrate.'” Ultrathin sections were

examined under JEM 1200 FX II transmission electron microscope.
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GENE EXPRESSION ASSESSMENT

The liver samples (pool = 3 livers; n = 5/group/period) were immediately
immersed in liquid nitrogen and stored in ultrafreezer (- 80°C). Total RNA was
extracted using the TRIzol reagent (Invitrogen, USA) according to the manufacturer’s
protocol and the concentrations were quantified by Nanodrop (Thermo Fisher Scientific,
USA) at 260 nm. RNA purity was verified by a 260/280 nm ratio of 1.8 or greater.
First-strand cDNA was synthesized from 3 pg of total RNA using the Superscript "™ II
RT system (Invitrogen, USA). Gene expression analysis of adiponectin, adipor2, sirtl,
tnf-a, il-1b and il-10 were performed from 5 pl of cDNA and run in duplicate using
TagMan Gene Expression Assays (Life Technologies, USA) (Table 1).

PCR amplifications were run on a Step One™ Real time PCR System (Applied
Biosystems, USA) and performed starting with a 2 min denaturation step at 50°C, 10
min at 95°C followed by 40 cycles with 15 s at 95°C and 1 min at 60°C.

-AACt
2

Gene expression was quantified using the (threshold cycle) method and

normalization was done using the elongation factor-a gene (ef-1a.).

Table 1: Primers and probes identification assays

Gene Assay ID

adiponectin | F: 5'- AGG CTT AGA CTG TGA ACG GTG GGA C-3'
R: 5'- AGC AGG TGT GTC CAG ATG TTT CCA G-3'

adipor?2 dr0342657
sirtl ENSDART00000098209
tnf - o dr03126848
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il -1b dr03114368
il -10 dr03103209
ef-la dr03432748
STATISTICAL ANALYSIS

Log-transformed data was tested with Kruskal-Wallis test and Dunn as post hoc
test for multiple comparisons. Results with p<0.05 were considered statistically
significant. All analyzes were performed using the Statistical Package for the Social

Sciences (SPSS 18.0) software.

RESULTS

Ethanol Effects on Zebrafish Liver Histology

Liver sections of control animals stained with hematoxylin-eosin showed well-
preserved liver cells without signs of fat deposits (Fig. 1A). After 2 weeks of ethanol
exposure, the liver appearance of animals from E group were similar to the C group
(Fig. 1B), however at 4 weeks, the hepatocytes of animals from E group showed an
expressive enlargement and presented nuclei displaced to the periphery of the cytoplasm
due to fatty infiltration (Fig. 1C). Liver sections of control animals stained with Oil Red
did not present any lipid droplets (Fig. 2A). However, ethanol-treated animals presented

a light steatosis at 2" week (Fig. 2B) which increased severely in the 4™ week (Fig. 2C).
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Fig 1 Hematoxylin-eosin stained sections of zebrafish liver: A) C group (2 weeks), the
hepatocytes are aligned in cords, absence of fat droplets; B) E group (2 weeks), without
apparent changes compared with the C group; C) E group (4 weeks), enlarged hepatocytes due

to fatty infiltration. Magnification: 400x.

Fig 2 Oil red stained sections of zebrafish liver: a) C group (4 weeks), absence of lipid droplets;

b) E group (2 weeks), mild presence of lipid droplets; ¢) E group (4 weeks), intense lipid

accumulation induced by ethanol in hepatocytes. Magnification: 400x.

The ultrastructural evaluation of the control group showed hepatocytes with
hexagonal shape, evident nucleoli of moderate size and located in the centre of the
spherically shaped nuclei (Fig. 3A), intracellular duct with microvilli (Fig. 3C), rough
endoplasmic reticulum, contained few cisternae and were closely associated with

mitochondria (Fig. 3E). Compared to control group, hepatocytes of ethanol-treated fish
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showed a large amount of glycogen associated with numerous lipid droplets (Fig. 3B);
the intracellular canaliculi often showed signs of degeneration with aspects of myelin
figures therein (Fig. 3D); and augmented number of rough endoplasmic reticulum

(RER) cisterns (Fig. 3F).

Fig 3 Electron micrographs of liver sections from Control (left side, A, C and E) and
Ethanol exposed groups (right side, B, D and F). A: Polygonal hepatocytes (H),
spherical nucleus (n) sinusoid (s), endothelial cell (EC); C: Intracellular canaliculus with

large number of microvilli (*) within; E: It is noted the parallel arrangement of rough
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endoplasmic reticulum (rer) around the core; B: Presence of large amount of glycogen
(g) and lipid droplets (I1d) in the hepatocytes cytoplasm; D: myelin figure (mi) inside an
intracellular canaliculus; F: Rough endoplasmic reticulum (rer) composed by 8-12
parallel cisterns. H=hepatocytes; ec=endothelial cell; m=mitochondria; mi = myelin

figures; n=nucleus; s=sinusoid. Scale bars: A=5 pm; B,C, D=1 um; E,F = 0,5 pm.

Gene Expression Assessment

At 2" week the genes evaluated did not present statistical difference in mRNA
expression between E and C groups, except for tnf-a, which was decreased. An increase
of expression of tnf-a, il-1b, adipo-r2 and sirt] was observed between two and four
weeks in E group, demonstrating that time to ethanol exposure had influence on
expression of these genes. The il-10 expression did not reach significant statistical
difference between groups at any period (data not shown). Adiponectin mRNA was not

detected in liver of animals from C and E groups.

The Effect of Ethanol on the Expression of Cytokines mRNA

The hepatic tnf-a expression in E was lower than in C group at 2 weeks

(p=0.018) and increased significantly between the 2" and the 4™ (p<0.001). The ilI-b

expression was significantly increased between C and E groups at 4™ week (p=0.024)

(Fig. 4).
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Fig 4 Effect of ethanol on mRNA liver expression of tnf- o and il -1b: tnf-o. was
decreased significantly in E group compared to C at 2" week (p=0.018) and increased
along time until 4™ week (p<0.001), reaching C group levels. //1-b expression increased
between 2 and 4 weeks (p=0.001) and at 4™ week there was a significant difference
between C and E groups (p=0.024). Statistical data were determined by the Kruskal-
Wallis test and Dunn as post hoc test. Values significantly different where indicated: #
significant statistical difference between 2 and 4 weeks; * significant statistical

difference between C and E groups. P<0.05 was considered.
Ethanol Effects on mRNA Expression of adipor2 and sirt]
The expression of adipor? increased in E group between 2 and 4 weeks

(p<0.0001) and was higher in E compared to C group (p=0.006) at 4™ week (Fig. 4).

Sirt] showed an increased expression in E group along time until the 4™ week (p=0.001)

(Fig. 5).
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Fig 5 Effect of ethanol on mRNA liver expression of adipor2 and sirt! of zebrafish:
adipor2 and sirt] expression increased in E group between 2 and 4 weeks; p<0.0001
and p=0.001, respectively. At 4™ week adipor2 of E group was increased compared to
C, p = 0.006. # significant statistical difference between 2 and 4 weeks. * significant

statistical difference between C and E groups. P < 0.05 was considered significant.

DISCUSSION

Hepatic metabolic derangements are key components in the development of
steatosis, considered the first hit for development of ALD. Until recently, the role of
inflammation was linked to the presence of steatohepatitis, and scarce evidence has
shown the precocity of inflammatory signaling during steatosis.'®

Important histological and ultrastructural abnormalities in liver of chronic ethanol-
exposed zebrafish were seen at 4™ week in this study. A light steatosis was detected by
oil red staining at 2" week, which increased severely at 4™ week. Electron transmission

microscopy revealed concurrent marked accumulation of glycogen and lipid droplets in
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cytoplasm, committed intracellular canaliculi, and increased RER cisterns. Our findings
were similar to those described in alcoholic humans: increased glycogen and fat
deposits in the cytoplasm, abnormalities in endoplasmic reticulum.” Howarth and
colleagues observed abnormalities of endoplasmic reticulum and biliary canaliculi in
acutely ethanol treated zebrafish larvae.”> Mitochondrial and ER abnormalities were
seen in a model of non-alcoholic fat liver disease (NAFLD) induced by fructose in
zebrafish. >

In accordance to histological findings, there were changes in hepatic mRNA
expression of il-1b, tnf-a, sirt]l and adipor2. At fourth week, in the presence of more
advanced steatosis, i/-/b showed an expressive increase. Growing evidence indicates
that increased pro-inflammatory cytokines are involved in the progression of alcohol-

induced liver injury.””

The activation of innate immunity also stimulates the release
of hepatoprotective and anti-inflammatory cytokines, which play a compensatory role
against liver damage and inflammation.”” In our study the il-/0 expression was not
different between C and E groups. The il-10 is produced by macrophages, lymphocytes,
and Kupffer cells, and the liver is considered to be the main source of i/-7/0 production
in response to lipopolysaccharides (LPS) stimulation.”> Sepulcre and colleagues
demonstrated that zebrafish responds to LPS with much lower sensitivity than
mammals, what can explain the absence of difference in hepatic expression of il-10,
between C and E groups.**

Elevated circulating levels of TNF-a and /L-1b have been observed in human
patients and animal models of ethanol-induced liver injury.> *® The expression levels of
these cytokines correlate well with the progression of the disease. In our study the tnf-a

liver expression was initially decreased in E group compared to C at 2" week and

increased significantly along 2" and 4t" weeks, reaching the C expression levels at 4t
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week. The initial down regulation of tnf-a expression is difficult to explain. Liu and
colleagues demonstrated that only zebrafish with previous intestinal inflammation
presented elevated tnf-o. expression in liver compared to healthy animals after LPS
exposure.”” Zebrafish are indeed able to respond to LPS, however with much lower
sensitivity than mammals and via a t/r4/myd88-independent signaling pathway.”* **
Among the few studies that evaluated tnf-a expression in the liver of zebrafish, Sapp
observed an elevation of nf-a in fructose-treated larvae and Hammes in thiocetamide-
treated fish.*”* Although there was no direct evidence in our study, these cited findings
conducted us to conclude that tnf-a is not promptly induced by LPS in zebrafish
exposed to ethanol as occurring in mammals and its activation mechanism seems to be
associated to more aggressive hepatotoxicants.

Differently, the hepatic expression of i/-1b increased significantly over the
period considered and at 4™ week it was significantly higher in E group compared to C.
Interleukin-1 (IL-1), the ‘gatekeeper’ of inflammation, is the apical cytokine in a
signaling cascade that drives the early responses to injury or infection.”® 7/-1b
production requires caspase-1 activation by inflammasomes-multiprotein complexes
that are assembled in response to danger signals. Vojtech and colleagues have described
the cleavage of zebrafish i/-1b by the caspase-1 homologues caspase-A and caspase-B,
implying that the basic facets of the inflammasome platform of immune activation are
conserved in zebrafish.’! The induction of il-/b demonstrated an early response to
inflammatory stimuli in the present study. The up regulation of i/-/b did not occur
synergistically with #nf-a expression, as seen in mammals with ALD.? This result may
indicate that i/-1b is up regulated during chronic alcohol induced steatosis in this model

in a LPS independent pathway.
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Adiponectin is a hormone that is secreted exclusively by adipocytes and has anti-
inflammatory and hepatoprotective activities.** Circulating adiponectin is decreased in
mammals with alcoholic disease.’” ** In our study, adiponectin mRNA did not amplify
in the livers of animals of both groups. Amali and collaborators observed elevated
expression of adiponectin in liver of zebrafish treated with thioacetamide, but not in

control animals.**

In our study, the adipor2, a receptor of adiponectin, was over expressed in liver
of animals exposed to ethanol, during the period that hepatic steatosis became more
severe. To date, very few data are available regarding the effect of chronic ethanol
exposure on hepatic adipor?2. Hammes and colleagues observed decreased mRNA
expression of hepatic adipor2 and sirt] and increased fnf-o in a model of non-alcoholic
fatty liver disease (NAFLD) induced by thioacetamide in zebrafish.”” Possibly,
thioacetamide, a more aggressive liver toxicant, contributed to down regulate adipor?.
In humans, it was observed by Kaser that in presence of NASH, ADIPOR?2 expression
was decreased compared to simple steatosis.”> Neumeier and collaborators showed that
animals (rodents) with liver steatosis presented elevated liver expression of Adipor2.*
The increased expression of adipor? possibly is related to hepatic protection during

steatosis.

SIRTI is a NAD -dependent class III protein deacetylase that regulates lipid
metabolism by deacetylation of modified lysine residues on histones, and targets a
number of transcription factors involved in the regulation of gluconeogenesis,
mitochondrial biogenesis, resistance to oxidative stress, adipogenesis and lipolysis,
glycolysis, inflammation, apoptosis, cell differentiation, and angiogenesis.”” To date,

little is known about the function of S/RT] in innate immunity and host defense.
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Studies in mammals have indicated that SIRTI suppresses innate inflammatory
responses.”® Other authors have shown an expressive increase of sirtl in liver of

39, 40
In our study occurred a

zebrafish chronically exposed to ethanol (0,5% wvv).
significant increase of sirt/ between second and fourth weeks in fish treated with

ethanol. We can speculate that the sirz/ hepatoprotective role might be involved in this

process.

CONCLUSION

Ethanol effectively induced hepatic lipid accumulation and ultrastructural
abnormalities in liver of adult zebrafish. Augmented expression of i/-/b suggests that
inflammatory signaling plays a significant role in hepatic steatosis and adipor2 and sirt]
increased expression appears to represent compensatory efforts to alleviate
consequences of ethanol liver injury, probably, indicating a hepatoprotective reaction.
Hepatic steatosis is considered the first hit of chronic progressive ALD. The
investigation of earliest events linked to ALD requires multiple strategies to reverse the
damage effects of ethanol to the liver and to contribute to development of new

therapies.
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ABSTRACT

Zebrafish is a powerful tool in pharmacological research and useful to identify new
therapies. Probiotics can offer therapeutic options in alcoholic liver disease. This study
was done in two independent experiments: first, we confirmed the intestinal
colonization of probiotic Lactobacillus thamnosus GG (LGG) after ethanol exposure.
Second, four groups were performed: control (C), probiotic (P), ethanol (E), and
probiotict+ethanol (P+E). Liver histology, hepatocytes morphometry, hepatic and serum
lipid quantifications were conducted in second experiment. During 4 weeks, P and P+E
groups were fed with LGG supplemented feed; E and C unsupplemented. E and P+E
groups received 0.5% of ethanol added into tank water. Zebrafish exposed to ethanol (E
group) presented intense liver steatosis after 28 days in contrast to the almost
normalized liver histology of P+E group at the same period. Liver morphometry showed
a significant enlargement of hepatocytes of E group after 4 weeks (p < 0.0001). Serum
triglycerides decreased in P+E group compared with C, P (p < 0.001), and E (p =
0.004), after 14 and 28 days similarly. Serum cholesterol was also decreased by LGG; P
group decreased compared with C and E after 14 days (p = 0.002 and p = 0.007,
respectively) and P+E group decreased significantly compared with E and C groups (p <
0.0001) after 28 days. Hepatic triglycerides were reduced in P+E group after 28 days
compared to E (p = 0.006). The persistence of LGG in zebrafish intestines was
demonstrated. LGG decreased serum levels of triglycerides and cholesterol and

improved hepatic steatosis.
INTRODUCTION

Alcoholic liver disease is a major cause of chronic liver disease worldwide. '
The most effective therapy for alcoholism is alcohol abstinence. However, targeted

therapies are urgently needed to treat people who do not reach abstinence. Experimental
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studies can identify new potential therapeutic avenues for treatment of the deleterious

effects of alcohol intake.

The zebrafish (Danio rerio) has been utilized successfully as an experimental
model for investigation of several human diseases, including alcoholism. Similarly to
mammals, these fish exhibit behavioral and neurochemical changes,™ congenital
malformations® and hepatic disturbances ° after acute or chronic exposure to alcohol, as
occurs in human beings. The normal microbiota can be altered by abusive alcohol
intake®’ causing dysbiosis and endotoxemia which are related to inflammatory
processes in the gut and liver.® The zebrafish microbiota interacts with the host in a
manner resembling that of mammals and the intestinal structure and organization are
also very similar.® There are no significant differences between male and female and the
posterior intestinal segment possesses a higher degree of culturable bacteria than

anterior segment.9

Lactobacillus rhamnosus GG (LGG) is a Gram-positive rod or coccobacillus
well recognized for the beneficial effects conferred on its host and may lead to changes

11,12

in the lipidomic profile'® and immunity. There are limited studies regarding to the

effects of probiotics in zebrafish and the available data concerned mainly to

R 13,14
reproductive issues.'

Zebrafish is emerging as a powerful tool in pharmacological research. The
therapeutic properties of LGG and the possibility of zebrafish intestine colonization by
this bacteria, led us to hypothesize that LGG could prevent or mitigate liver disease in

this model.

In order to test our hypothesis two independent experiments were performed.
The objective of the first experiment was to evaluate intestinal colonization by LGG in
zebrafish during a period of chronic ethanol exposure. The second experiment was
designed to examine whether the LGG treatment could modify serum and hepatic lipid

levels and improve liver steatosis.

MATERIALS AND METHODS

Fish and experimental conditions
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Adult, wild-type zebrafish were obtained from a commercial dealer in Porto
Alegre, Rio Grande do Sul, Brazil. Zebrafish were housed in static system tanks,
constantly aerated, in a water temperature of 28+2°C, a 12h light/dark cycle and fed
twice daily during acclimation to their new environment. Temperature, pH, and

ammonia, nitrate and nitrite levels were periodically monitored.

The experimental design was divided into two stages: first, detection of
zebrafish intestinal colonization by LGG during ethanol exposure; second, evaluation of
hepatic steatosis related to ethanol exposure, triglycerides and total cholesterol
concentrations in serum and liver after probiotic treatment. Fish were euthanized by

hypothermal shock'” before dissection.

This study was approved by the Research Ethics Committee of Hospital de
Clinicas de Porto Alegre, Brazil, and conducted in accordance with international

guidelines for the care and use of laboratory animals.
First experimental design

The following groups were performed: C (Control), which received
unsupplemented feed during the trial period; P (Probiotic) and P+E (Probiotic +
Ethanol) which received LGG-supplemented feed. P+E group received 0.5% (v/v) of
ethanol (Merck KGaA, Darmstadt, Germany) directly added into water. Water of P+E
group tank was changed every two days and the ethanol replaced. C and P groups also
had tank water changed. The ethanol dose was chosen on the basis of a previous
zebrafish study'® that demonstrated behavioral changes in the exposed fish similar to

those observed in human beings.

Feeds were formulated by the Aquatic Organisms Nutrition Laboratory,
Universidade Federal do Parana. Commercially available freeze-dried Lactobacillus
rhamnosus GG (Culturelle®, Amerifit, Cromwell, CT), 1x10'° CFU/ 100g, was added to
the diets of P and P+E groups. The nutritional composition of the formulated diets, both
probiotic-supplemented and unsupplemented, was the same (Table 1).!” The viability of
freeze-dried LGG in the supplemented diet was determined by plate counting on MRS
Agar (Difco™, Sparks, MD), a selective medium for lactic acid bacteria. The number of

colony forming units of LGG per gram of feed (CFU/g) was quantified by mixing 1 g of
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feed in 9 ml of sterile saline solution and streaking appropriate dilutions, from 107 to
10"°, on MRS plates. The plates were then incubated in a microaerophilic environment
at 37°C for 48 hours. LGG was quantified by counting of the incubated plates. The
unsupplemented feed was also evaluated in order to verify the absence of lactobacilli.

Fish were fed twice daily during two weeks. All feeds were stored at 4°C until use.

Table 1. Nutritional composition of the formulated diet.

Ingredients Content (%)
Fish meal 5.0
Soybean meal 59.4

Corn 31.1

Soy oil 0.4
Dicalcium phosphate 2.6
Limestone 0.3
Mineral and vitamin mix." 0.5

Salt 0.5
Antioxidant (BHT) 0.02

"Vit. A, 1.200.000 UI; Vit. D3, 200.000 UL Vit. E, 12.000 mg; Vit. K3, 2.400 mg;
Vit. B1, 4.800 mg; Vit. B2, 4.800 mg; Vit. B6, 4.000 mg; Vit. B12, 4.800 mg; Folice
acid, 1.200 mg; Calcium pantothenate, 12.000 mg; Vit. C, 48.000 mg; Biotin, 48mg;
Choline, 65.000 mg; Niacin, 24.000 mg; Iron, 10.000 mg; Copper, 6.000 mg;
Manganese, 4.000 mg; Zinc, 6.000 mg; lodine, 20mg; Cobalt, 2mg; Selenium, 20mg.

Detection of LGG colonization in the zebrafish intestine

After two weeks of treatment, fish were euthanized, opened aseptically and the
intestines removed en bloc. Samples were collected for microbial analysis, strain
confirmation by polymerase chain reaction (PCR) and Gram staining. Bacterial
identification of samples from the P+E group was performed on a matrix-assisted laser
desorption/ionization, time-of-flight (MALDI-TOF) mass spectrometer (VITEK® MS,
France), according to manufacturer instructions, in three independent runs. The method

of identification included the mass-to-charge ratio (m/z) from 2 to 9.5 kDa. For each
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spectrum, a maximum of 100 peaks were taken into account; these peaks were

compared with the VITEK database.

The intestines of ten animals in each group were entirely removed and
aseptically transferred to sterile microtubes containing 0.5 ml of PBS. This material was
homogenized by vortexing and 20ul were inoculated in MRS plates and 10ul were used
for Gram staining. One plate per animal per group was inoculated, and plates were

incubated at 37°C for 2 days in a microaerophilic environment.
Molecular assays

PCR (polymerase chain reaction) was performed to confirm identification of
Lactobacillus rhamnosus strain GG. Colony isolates of Lactobacillus from the cultures
incubated in MRS agar were picked up with swabs and resuspended. A bacterial
suspension equivalent to 1.0 McFarland standard was prepared in 500 pl TE (10 mM
Tris/HCI, 1 mM EDTA, pH 8.0). The suspension was homogenized by vortexing,
heated at 100°C for 10 min, and frozen at —80°C for 2 hours. From this suspension,
nucleic acid extraction was performed by using the QIAamp® Viral RNA Mini Kit
(Qiagen Corporation, Madison, WI) according to manufacturer specifications. Group C

was used as the negative control.

The freeze-dried LGG culture was used as the positive control. We used the
complementary species-specific primers to the L. rhamnosus 16S ribosomal DNA
sequence (TGCATCTTGATTTAATTTTG, forward; CCGTCAATTCCTTTGAGTTT,
reverse, GenBank accession no. M58815). PCR amplifications were performed under
the following optimized conditions in a final volume of 50 pl, containing 5 uL. of DNA,
67 mM Tris-HCI, 16 mM (NH4),SOs, 0.01% (w/w) Tween-20 (pH 8.8 at 25°C), 1.5 mM
MgCl,, 0.25 mM dNTP (EasyPath®, Epson, UK), 1 pmol of each primer (Invitrogen,
Grand Island, NE), and 2.5 U of Super-Therm enzyme (JMR Holdings, London, UK).
PCR amplification was run on a Veriti® Thermal Cycler (Applied Biosystems, Foster
City, CA). The amplification profile consisted of an initial denaturation, carried out at
94°C for 5 min, followed by a touchdown protocol with 30 cycles: 40 s of denaturation
at 94°C; 30 s for annealing (62°C for the first 10 cycles, 60°C for the next 10 cycles,

and 58°C for the remaining 10 cycles), 60 s for synthesis at 72°C, and a final extension
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step of 10 min at 72°C. The PCR products were run on a 2% agarose gel in 0.5% Tris-
borate-EDTA buffer.

Second Experiment Design

At this stage, four groups were performed (n = 220 for each group): C (Control)
and E (Ethanol) groups received unsupplemented feed during the trial period (2 and 4
weeks); P (Probiotic) and P+E (Probiotic + Ethanol) groups received LGG-

supplemented feed. E and P+E were exposed to ethanol as earlier described.

Histological analyses were performed with the liver taken from 80 fish (10 fish/4
groups/2 periods). For evaluation of hepatic and serum lipid concentrations, 800 fish
were distributed into 40 pools (20 pools — 14 days period; 20 pools — 28 days period) for
performing all analysis. Immediately after blood collection we dissected the livers for

evaluation of lipids content.
Histological Analysis and Cellular Morphometry

Livers from the zebrafish (n=5/group/period) were fixed in 10% formalin and
embedded in paraffin wax, sectioned (5 pum), and slices were stained with hematoxylin
and eosin or picrosirius red staining. Picrosirius stained samples were evaluated to

detect fibrosis.

Frozen livers (n=5/group/period) were embedded in Tissue-Tek OCT Compound
(Sakura Finetek, Torrance, CA), cryosectioned (8um thick) and stained with Oil Red O

to assess fatty droplet accumulation.'

Morphometric analysis were performed in C and E groups and consisted in
consecutive measurements of internuclear distance between hepatocytes as described by
Sadler et al."” Our aim was to observe enlargement in hepatic cells due to lipid
accumulation. Hematoxylin and eosin stained slides of 30 consecutive non-overlapping
fields of each liver sample were photographed (Olympus BX51). Cells separated by
sinusoids or large extracellular gaps and areas with processing artifacts were excluded.
Images at 1000 x magnification were stored as TIFF (1280 x 960 pixels). The digital
images were analyzed with IMAGE PRO PLUS 4.5 software (Media Cybernetics,
Silver Springs, MD).

Biochemical and Hepatic Lipid Analysis
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To evaluate serum triglycerides and total cholesterol, four pools of 6-8 animals
of each group were cryo-anesthetized and their blood collected at each period as
previously described.”’ Briefly, a transverse incision was made just before the tail, and
the blood was immediately collected with an automatic pipette pre-washed with 5 M
EDTA. The blood of each pool was centrifuged for 10 min at 3.200 rpm (Eppendorf
Centrifuge 5415D, Eppendorf, Germany). Triglycerides and total cholesterol serum
concentrations were analyzed with small-scaled colorimetric assay (Labtest Diagnostica

S.A., Brazil).

In order to quantify the hepatic lipid content, we performed 40 pools containing
15-20 livers each (about 50 mg of liver tissue/pool). Each pool corresponded to one
sample, 20 samples for quantification of hepatic triglycerides and cholesterol of all
groups at each period. The livers were entirely removed and weighed. Frozen liver
samples were thawed on ice and homogenized in deionized water. Extraction and
isolation of lipids to yield dried lipid extracts were performed using the technique
described by Folch et al.*' The hepatic cholesterol and triglycerides content of the lipid
extracts were assayed enzymatically by colorimetry (Labtest Diagnostica S.A.,

Brazil).22
STATISTICS

The Mann—Whitney U test was used to determine whether ethanol exposure
affected intestinal colonization by LGG in animals from groups P and P+E.
Morphometry data were analyzed by random effects model and hepatic and serum lipids
data by two-way analysis of variance (ANOVA), followed by Tukey’s multiple test
range as post hoc. Results with P < 0.05 were considered statistically significant. All
analyses were performed using the Statistical Package for the Social Sciences (SPSS

21.0) software.

RESULTS

First experiments

LGG successfully colonized gut of zebrafish exposed to ethanol

Quantification of LGG content in the supplemented feed confirmed the viability

of the freeze-dried probiotic, which was present at a concentration of 3.5x10" CFU/g.
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Phenotypic characterization of the cultured colonies was consistent with the colonies
obtained from the positive control: white, large, and creamy. Microbial analysis of

unsupplemented feed revealed any growth of lactobacillus.

Microbial analysis of the intestinal contents of control animals (group C) did not
show any lactobacillus growth. The incubated plates of intestinal samples from groups P
and P+E showed significant growth of LGG colonies in all three experiments, indicating
that exposure to ethanol did not prevent gut colonization of zebrafish at the utilized
concentration. There was no significant difference in the colony counts between groups
P and P+E (P = 0.44). Median colony counts were log 4.30 CFU/g (interquartile range,
4.30 — 4.39) in the P group and log 4.17 CFU/g (interquartile range, 4.13 — 4.30) in the
P+E group.

Gram staining detected the presence of numerous Gram-positive rods in the
intestinal samples from groups P and P+E. The colonies isolated from the MRS plates
of each animal in groups P and P+E were confirmed by PCR with species-specific
primers to be of the LGG strain (FIG.1). Identification of an isolated colony from the
P+E group by MALDI-TOF MS was consistent with the PCR result.

Figure 1: Detection of L. rhamnosus GG (LGG) by polymerase chain reaction assay.
Lanes: 1, molecular weight marker; 2 through 4, strain GG findings of colonies from
group P; 5 through 7, samples from group P+E; 8, negative control from group C

(unsupplemented fish); 9, positive control from freeze-dried LGG colonies.
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Histology and cellular morphometry

Figure 2 shows histological appearance of liver sections stained with Oil Red O
from C, E, P, and P +E experimental groups after 28th day. Oil Red O staining of E
group livers confirmed the presence of neutral lipids within the cytoplasm of
hepatocytes after 28 days (Fig. 2B), although initial changes were manifested at 14
days. Steatosis was not present in livers of fish from C and P groups (Fig. 2A, C). In
addition, the P +E group clearly showed an almost normalized liver histology in
contrast with liver of E group after 28 days (Fig. 2D). There were no differences
between male and female related to the presence of hepatic steatosis. Picrosirius red

staining did not detect any fibrosis in the livers of animals exposed to ethanol.

Figure 2: Effects of ethanol and LGG supplementation on zebrafish hepatic tissue.
Histological appearance of liver sections stained with Oil Red O stain after 28 days trial
(magnification 1000x): (A) control(C); (B) ethanol (E); (C) probiotic (P); (D) probiotic
+ethanol (P +E). C and P groups did not present fatty droplets in liver tissue; however,
ethanol group showed intense fatty infiltration and P +E group presented an almost

normalized liver.

Morphometric measures showed augmented internuclear distance (Fig. 3)
between hepatocytes of C and E groups after 28 days, E group presented a 14.8-fold
cellular enlargement compared with C (C = 58.89 — 12.75 um and E = 123.4 — 41.4 um;
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p <0.0001). Microscopically, the hepatocytes of E group at 28th day were enlarged, due
to the excessive presence of lipid within the cytoplasm; the cell nuclei were displaced

and the blood capillaries compressed.
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Figure 3: Effects of ethanol in zebrafish liver: morphometric measures showed
augmented internuclear distance between hepatocytes of C and E groups after 28 days
(p <0.0001). There was no significant difference after 14 days. Data are shown as the

mean — SD, n =5 livers for each group.
Ethanol and LGG affected serum lipids

Serum triglycerides concentrations after 14 days significantly decreased in P+E
group compared to C, P and E groups (P < 0.001). Similar variations occurred after 28
days: P+E group triglycerides levels were lower than C and P groups (P < 0.001).
Anova test showed that there was no evidence of a significant interaction effect (F (3;
26) = 0.278; P = 0.84) among means of groups and time (14 and 28 days). Total
cholesterol was decreased by LGG after 14 and 28 days. P group had a significant
reduction in serum total cholesterol compared to C and E groups after 14 days (P =
0.002 and P = 0.007, respectively) and P+E group decreased significantly compared to
E and C groups (P < 0.0001) after 28 days. The statistical test showed that cholesterol
levels presented a significant interaction between means of groups related to time (F (3;

28) = 11.75; P <0.001). We can conclude that LGG effects on cholesterol, but not on
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triglycerides serum levels, increased along time by LGG. These results are

demonstrated in table 2.

Table 2: Serum levels of triglyceride and cholesterol in control (C), probiotic (P),

ethanol (E) and probiotic+ethanol (P+E) groups after 14 and 28 days:

C P E P+E
Triglyceride (mg/dL)

14 days 427.4£70.8"  4483+47.8"  3552+24.7°  215.1+25.8°
28 days 446.9£62.1°  436.4+£20.2°  341.4+11.47° 217.3+29.3¢
Cholesterol (mg/dL)

14 days 296.9+45.0"  203.1+21.1>% 278.7+33.2%" 240.9+13.3*""
28 days 306.1£26.9" 133.7+20.7"° 284.0£6.3*"  121.9£23.7°"

Data are presented as mean + SD; all groups were analyzed using two-way ANOVA
followed by Tukey’s post hoc test; p < 0.05 were considered significant, n = 4 for each
group. Different lower case letters (row) represent a significant difference between
groups. Different capital letters (column) indicate a significant difference observed in
the means of groups between 14th and 28th day. ANOVA, analysis of variance.

LGG decreased hepatic triglycerides

After 28 days, hepatic triglycerides decreased significantly in group P+E
compared to E, demonstrating an improvement in steatosis of animals treated with
LGG. Hepatic triglycerides had no alteration after 14 days but decreased significantly in
groups P+E and P compared to E after 28 days (P = 0.006 and P = 0.004, respectively).
We did not find a significant difference in hepatic cholesterol between groups in any
period. ANOVA test showed that there was no evidence of statistically significant
interaction effects between means of groups and time (Triglycerides F (3;32) =2.719; P
= 0,061 and Cholesterol F (3;37) = 0.327; P =0.8). Data showed in Table 3.

68



Table 3: Hepatic triglycerides and cholesterol in control (C), probiotic (P), ethanol (E)
and probiotictethanol (P+E) groups after 14 and 28 days:

C P E P+E
Triglyceride (mg/%)
14 days 2.82+1.20° 1.99+0.14% 2.80+1.23" 2.84+0.51°
28 days 2.04+0.8* 1.35+0.76" 3.75+0.19° 1.52+1.23°
Cholesterol (mg/%)
14 days 0.40+0.02° 0.38+0.14% 0.39+0.06 0.39+0.09°
28 days 0.67+0.21% 0.60+0.17% 0.58+0.12° 0.55+0.11°

Concentrations of hepatic triglycerides and cholesterol are expressed in mg/100 mg of
tissue and are represented as the mean = SD; p < 0.05 were considered significant, n =
5-8 for each group. Different lower case letters represent a significant difference
between means of groups.

DISCUSSION

The use of animal models has helped to elucidate the mechanisms of several
metabolic events triggered by ethanol intake, identify new therapeutic targets, and
develop and test therapies, which may be able to cure or mitigate the deleterious effects
of alcohol. Chronic alcohol abuse significantly increases morbidity and causes a wide
clinical spectrum of disorders, such as hepatic steatosis, the earliest stage of ALD,
which can progress to steatohepatitis, fibrosis, and cirrhosis.' Multiple factors can cause
steatosis including decreased triglyceride metabolism, increased lipid import or
synthesis, disorders of fatty acid oxidation, inhibition or activation of expression of
several regulatory genes, oxidative stress, and innate immune responses.” The
mechanisms by which these factors lead to steatosis or inflammation are just beginning
to be understood. Ethanol can promote the growth of Gram-negative bacteria in the
intestine, causing enteric dysbiosis, increased intestinal permeability, and endotoxemia,

which play an essential role in the pathogenesis of ALD.**

The probiotic LGG is known to enhance immune system and intestinal barrier
function and to provide an environment beneficial to the friendly microbiota in human

27 In this study, the addition of freeze-dried L. rhamnosus GG

beings.
(ATCC 53103) at a dose of 3.5 x 10’ CFU/g to formulated feed was suitable for
colonization of the zebrafish intestine. Adhesion of the probiotic bacteria to the
intestinal epithelium is an essential prerequisite for colonization. The colonization of
these non-autochtonous bacteria in the intestinal mucosa of the zebrafish and, mainly,
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its persistence during ethanol exposure showed no significant differences between the
groups exposed and not exposed to ethanol. PCR of samples from animals in groups P
and P +E confirmed the presence of the GG strain in all experiments. A representative
sample of the P +E group was also analyzed with the MALDITOF method, which
identified L. rhamnosus with 99.9% confidence according to VITEK microbial

identification database.

Our results demonstrate that in this zebrafish model of ALD, chronic ethanol
leads to hepatic steatosis after 2 weeks. Morphometric measurements showed an
important cellular enlargement of liver cells after 4 weeks (Fig. 3) due to an increase of
fatty droplets spread in the liver tissue. In humans, the localization of fat droplets is
most prominent near the central vein and results from decreased energy stores caused by
relative hypoxia and alterations in lipid metabolism, along with preferential oxidation of
alcohol in the central zone." The zebrafish liver does not present portal vein radicles,
hepatic artery radicles, and bile ducts grouped together in portal tracts >* and possibly
this is the explanation for a ubiquitous distribution of the fatty droplets along the liver

parenchyma without a specific area of localization.

Ethanol is known to be an important factor influencing lipid metabolism.**"

Studies have reported strong positive relationships between ethanol and high density
lipoprotein cholesterol, and to a lesser extent with serum triglycerides.’® The association
with total cholesterol has been less consistent. Some studies have reported positive
associations between ethanol and serum total cholesterol" while others have found no
association.’”” The development of alcoholic fatty liver is often associated with
hyperlipemia.” In thisstudy, we found that ethanol significantly increased hepatic
triglycerides after 28 days, data corroborated by enlargement of hepatic cells. The LGG
showed extensive alterations on serum lipids, mainly related to lowering total
cholesterol levels. Interestingly, the effects yielded by LGG in this model were related
to animals that did not undergo a hypercholesterolemic diet. Results from animal and
human studies suggest a moderate cholesterol lowering action of LGG.”
Mechanistically, probiotic bacteria ferment food-derived indigestible carbohydrate to
produce short-chain fatty acids in the gut, which can then cause a decrease in the
systemic levels of blood lipids by inhibiting hepatic cholesterol synthesis and/ or

redistributing cholesterol from plasma to the liver. Other features are as follows:
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consumption or assimilation of cholesterol by intestinal bacteria, thus reducing the
amount of cholesterol available for absorption; the activity of the bile salt hydrolase, an
enzyme responsible for bile salt deconjugation in the enterohepatic circulation leading
to increased bile excretion in feces.’*® Regarding the triglycerides serum levels, we
observed an apparent synergism between LGG and ethanol. The probiotic group did not
show any significant statistical difference compared to control group after 14 and 28
days, but ethanol per se significantly decreased triglycerides serum levels after 28 days
compared with control and probiotic groups. However, the probiotic +ethanol group
dramatically decreased triglycerides compared with control, probiotic, and ethanol

groups after 28th day.

Data of murine studies demonstrated that the effects of LGG on ethanol-induced
augmented intestinal permeability, endotoxemia, and liver injury occur through multiple
mechanisms, including prevention of pathogenic bacterial overgrowth, stimulation of
the trophic effects on the intestinal epithelial cells, and maintenance of intestinal barrier
integrity.”***" Ritze et al. studying a murine model of nonalcoholic liver disease,
observed that LGG modulated gene expression of inflammatory markers in the liver
tissue, normalizing increased tumor necrosis factor-alpha (TNF- a), interleukin (IL)-1 b

and IL-8 levels.®®

Studies on fish showed that determined probiotic strains could enhance the
immunological system, modulate intestinal morphology, and stimulate the piscine gut
immune system to produce Ig + cells and acidophilic granulocytes, enhance gut mucosal
lysozyme and phagocytic activity.”**! Gioacchini et al. recently observed that adult
zebrafish treated with L. rhamnosus strain IMC 501 presented decreased hepatic

oxidative stress levels, decreased DNA damage, and increased lipid saturation levels.**

We observed that after 28 days the livers of fish exposed to
ethanol alone presented an intense increase of fat (Fig. 2B); however, the ethanol +LGG
fed group presented a decrease of liver steatosis (Fig. 2D). Acetaldehyde, the first
metabolite of ethanol metabolism, has been suggested to play a pivotal role in the
toxicity of ethanol to human tissues and create adverse immunological responses. LGG
demonstrated a high capacity to metabolize acetaldehyde to acetate, a nontoxic
compound.43 Nosova et al. suggested a beneficial impact of LGG on acetaldehyde levels

after ethanol ingestion.43
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Multiple and complex mechanisms are involved in the pathogenesis of ALD:
inflammation caused by ethanol metabolites and endotoxins, increase of oxidative
stress, disruption of molecular signaling pathways, and disturbances of the immune and
complement systems in responses to alcohol. Administration of health-promoting
microbial strains may help ameliorate these harmful interactions. The zebrafish may be
an interesting model to help solve these yet-unanswered questions, and LGG resistance
to ethanol exposure may encourage the use of this animal model in the screening of

other probiotic bacteria for therapeutic use in human alcohol related diseases.
CONCLUSION

This study showed, for the first time, the persistence of Lactobacillus rhamnosus
GG in the zebrafish intestine after a period of ethanol exposure. Furthermore, the
findings reported herein may help elucidate the pathways through which microbial
signals operate and pave the way for research of therapies including LGG as a treatment
in diseases caused by ethanol consumption utilizing this novel model. Zebrafish
exposed to ethanol at this concentration (0.5% v/v) presented substantial steatosis after
28 days in contrast to the almost normalized liver histology of the Probiotic+Ethanol
(P+E) group. Representative histochemical staining showed that liver fat accumulation
was strongly reduced by LGG in the Probiotic+Ethanol (P+E) group. In addition, liver
morphometry of the Ethanol (E) group clearly showed hepatocellular ballooning cells
known for a higher degree in steatosis. Serum and lipids were also affected by ethanol

and LGG in this model.

Steatosis decreased significantly with LGG therapy, but further studies are
needed to understand the mechanisms by which ethanol and LGG alter the lipid

metabolism of zebrafish.
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ABSTRACT

Ethanol is a widely consumed drug which acts on the central nervous system (CNS) to
induce behavioural alterations ranging from disinhibition to sedation. Recent studies
have produced accumulating evidence for the therapeutic role of probiotic bacteria in
behaviour. We aimed to investigate the effect of Lactobacillus rhamnosus GG (LGG)
on the behaviour of adult zebrafish chronically exposed to ethanol. Adult, wild-type
zebrafish were randomly divided into four groups, each containing 15 fish. The
following groups were formed: Control (C), received unsupplemented feed during the
trial period; Probiotic (P), fed with feed supplemented with LGG; Ethanol (E), received
unsupplemented feed and 0.5% of ethanol directly added to the tank water; Probiotic +
Ethanol (P+E), group under ethanol exposure (0.5%) and fed with LGG supplemented
feed. After 2 weeks of exposure, the novel tank test was used to evaluate fish
behaviour, which was analysed using computer-aided video-tracking. LGG alone did
not alter swimming behaviour of the fish. Ethanol exposure led to robust behavioural
effects in the form of reduced anxiety levels, as indicated by increased vertical
exploration and more time spent in the upper region of the novel tank. The group
exposed to ethanol and treated with LGG behaved similarly to animals exposed to
ethanol alone. Taken together, these results show that zebrafish behaviour was not

altered by LGG per se, as seen in murine models.

Key—words: Behaviour; Ethanol; Lactobacillus rhamnosus GG; Zebrafish; Probiotic;

Novel Tank test
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INTRODUCTION

Alcohol dependence is a chronic and progressive disorder which affects
thousands of people around the world and may cause several physical, mental and
social impairments."? Currently, we have a clear understanding of the effects of
ethanol on the brain, and consequently, on behaviour. The neurochemical alterations
caused by the presence of ethanol in specific brain regions may also have indirect
effects on several neurotransmitter/neuropeptide systems, leading to the behavioural
alterations typically seen in ethanol dependence, which range from disinhibition to

sedation and hypnosis, depending on the amount of ethanol consumed.?

Recent studies have reported that intestinal microorganisms may have
significant effects on the central nervous system and on behaviour.*® The brain-gut
axis consists of a bidirectional communication system which transmits information
regarding homeostasis through neural, hormonal and immunological pathways.
Dysfunctions in this system can have severe physiopathological consequences.’
Studies regarding to the role of microbiology in behavioural responses to stress,
anxiety and depression have shown the importance of probiotic products for these

processes.’??

Several types of bacteria have been known to synthesize
neurotransmitters and neuromodulators. Examples include Lactobacillus spp. and
Bifidobacterium spp., which produce gamma-aminobutyric acid (GABA), Escherichia
spp., Bacillus spp. and Saccharomyces spp., which synthesize noradrenaline, Candida
spp., Streptococcus spp., Escherichia spp. and Enterococcus spp., which produce
serotonin, Bacillus spp. which has been found to produce dopamine, and Lactobacillus
spp., which secretes acetylcholine.® Chronic alcohol consumption has been known to
alter the equilibrium of intestinal microbiota, leading to an increase in pathogenic
bacteria and intestinal permeability and, consequently, to dysbiosis and endotoxemia.

Much of our knowledge regarding the bidirectional communication between the

nervous system and intestinal microorganisms has been produced by studies of
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pathogenic organisms. However, a growing number of investigations have also
suggested that there may be communication between the nervous system and

commensal enteric microorganisms including, probiotic bacteria.®"’

No previous studies in the literature have evaluated the behavioural effects of
LGG on animals exposed to ethanol. Zebrafish have been successfully used in several
studies of behavioural alterations induced by acute and chronic exposure to ethanol,
serving as a promising model for translational research into ethanol use.'?'*'*1%1® The

goal of the present study was to evaluate the effects of Lactobacillus rhamnosus GG

(LGG) on the behaviour of zebrafish chronically exposed to ethanol.
MATERIALS AND METHODS
Animals and diet

Sixty adult wild-type (short-fin) zebrafish (Danio rerio) of both genders were
purchased in a pet shop (Delphis, RS, Brazil). Animals were kept in a light:dark cycle of
14:10 h and maintained at a temperature of 28+2°C. All fish were disease-free. After
acclimation period, animals were randomly assigned to one of four groups: Control (C,
n=15), Probiotic (P, n=15), Ethanol (E, n=15) and Probiotic+Ethanol (P+E, n=15). Fish
were fed one of the following diets: a) Probiotic-free diet - Control (C) and ethanol (E)
groups; b) Feed supplemented with Lactobacillus rhamnosus GG (CULTURELLE®
Amerifit, Cromwell, USA) - Probiotic (P) and Probiotic+Ethanol (P+E) groups. Both
diets had a similar nutritional composition (Table 1). The viability of the LGG in the
supplemented diet was determined by the standard plate-counting method in MRS
(Difco, Sparks, USA), a selective medium for lactic acid bacteria. The phenotypic
characterization of these colonies was consistent with that of positive controls
consisting of pure LGG. The microbiological analysis of the non-supplemented feed
showed that it was free of Lactobacilli. Fish were fed twice a day (morning and

afternoon) until satiety.

83



Table 1: Nutritional composition of the feed:

Ingredients Contents
(%)

Soybean meal 59.4

Corn 311

Fish meal 5.0

Dicalcium phosphate 2.6

Soy oll 0.4

Limestone 0.3

Mineral and vitamin mix ' 0.5

Salt 0.5

' Vit. A, 1,200,000 1U; Vit. D3, 200,000 UI; Vit. E, 12,000 mg; Vit. K3, 2,400 mg; Vit. B1,
4,800 mg; Vit. B2, 4,800 mg; Vit. B6, 4,000 mg; Vit. B12, 4,800 mg; Folic acid, 1,200 mg;
Calcium pantothenate, 12,000 mg; Vit. C, 48,000 mg; Biotin, 48 mg; Choline, 65,000 mg;
Niacin, 24,000 mg; Iron, 10,000 mg; Copper, 6,000 mg; Manganese, 4,000 mg; Zinc, 6,000
mg; lodine, 20 mg; Cobalt, 2 mg; Selenium, 20 mg.

Animals in the E and P+E groups were exposed to ethanol at a concentration of
0.5% (vol/vol) (MERCK® P.A, Darmstadt, Germany), added directly into the tank water
of the fish. To ensure the stability of the ethanol concentration, the water of the tanks
were changed every two days."” Same procedures were performed to C and P groups,
save for the addition of ethanol to the water. Each tank (C, E, P and P+E) contained 2
litres of water and five animals each, for a total of 15 animals per group. Behavioural
tests were performed after the 14th day of treatment.

Microbiological tests were performed to assess colonization by LGG in fish
exposed and non-exposed to ethanol. After the tests, the fish were euthanized by
hypothermal shock and the intestines of 5 animals per group were entirely removed
and aseptically transferred to sterile micro tubes with 0.5 ml of PBS, where they were
macered in order to prevent contact with the environment. The homogenates (20p)l
were inoculated in plates with Lactobacilli MRS Agar (Difco™, USA) and incubated at
37°C for two days in microaerophilic atmosphere. Samples of the tank water (20pl)
were also collected at three different points of the tanks for microbial analyses eighteen
hours after the last feeding.

All procedures were performed according to Brazilian legislation (Law 11.794,

issued on October 8th, 2008) on animal experimentation, and to resolution n°. 04/97 of
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the present institution, which also concerns animal research. The present study was
approved by the Research Ethics Committee of the Clinical Hospital of Porto Alegre

(10.0327).

Behavioural tests

The effects of diet on fish behaviour were measured using a protocol adapted
from Rosemberg and colleagues.'* Tests were performed in the novel tank, in a noise-
and disturbance-free environment. After the trial period, each fish was individually
removed from home tank and carefully placed in the novel tank. The water in the /atter
was kept at the same temperature of the home tank (28+2°C), however, without
addition of the ethanol. The behaviour of each animal was assessed in a 6-minute
session.' The behavioural apparatus consisted of a trapezoidal tank (23.9cm depth,
28.9cm width and 15.1cm height) containing 1.5 litres of water and divided into three
horizontal portions (lower, middle and upper), and a camera (Microsoft Life Cam 1.1,
with autofocus) connected to a computer running the software used to record animal
locations and movements (ANY-maze, Stoelting Company, USA).

All precautions were taken to ensure representative results and prevent stress
to the fish. Experimental procedures were similar for all animals and behavioural tests
were always performed in the same room, to ensure similar environment and lighting
across all trials. After each test, the water in the novel tank was changed. Fish
behaviour was examined by measuring the following variables: total distance travelled
(m), mean speed (m/s) and time mobile (s). The number of transitions between areas
and the time spent in each location (lower, middle and upper thirds) were also

recorded.

STATISTICAL ANALYSIS
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Behavioural data were expressed as mean % standard error of the mean. The
number of transitions between areas in the tank and the total swimming time (time
mobile) were analysed using a two-way ANOVA. Analyses were performed using the
GraphPad Prism software, version 6.0 for Windows, (GraphPad Software, Califérnia,

USA). Results were considered significant at p<0.05.

RESULTS

Microbiological analyses

The incubated plates of the intestinal samples from the groups P and P+E
showed growth of LGG colonies, indicating that the ethanol did not avoid the
colonization of the zebrafish intestines exposed to 0.5% of ethanol concentration. The
phenotypic characterization of the colonies cultured in plates of both groups was
compatible with the colonies obtained from the positive control: white, creamy and
large colonies. The analyses of the tank water from P and PE groups showed the

presence of LGG colonies in the water.

Total distance travelled, mean velocity and total swimming time

The variables - total distance travelled (A) mean speed (B) and time mobile
(Figure 1) - showed no interactions between the ethanol exposure and the LGG
treatment (F (1,56) = 0.1605; p = 0.69; F (1,56) = 1,550; p = 0.69, and F (1,56) =
0.7317; p = 0.39, respectively). Time mobile test was influenced by ethanol exposure
(F (1,56) = 4.949; p = 0.03). Neither ethanol nor probiotic exposure led to sedation or

toxicity.
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Fig. 1: Evaluation of the locomotor activity parameters in the novel tank test: total distance
travelled (A) and mean speed (B) and time mobile did not significantly differ between
experimental groups. Statistical analysis was performed by Two-way ANOVA followed by Tukey
as post hoc test; n=15 animals/group. Data were expressed as mean + SEM, and p < 0.05 was

considered statistically significant.

Effects of Ethanol Exposure

The swimming patterns of fish exposed to ethanol were significantly different
from those observed in the remaining groups. In most tests, the exploratory behaviour
observed in animals exposed to ethanol was distinct from that recorded in the control
and probiotic group. No interactions were observed between ethanol and probiotic

exposure.

Animals of E group spent less time in the bottom portion of the tank than control
fish (Figure 2, B; F (1, 56) = 12.33; p=0.009). Ethanol exposure was found to have a
main effect on this variable, although it had no impact on the distance travelled in the
bottom of the tank (Figure 2, C). E group differed from group C in all variables used to
describe behaviour in the middle portion of the tank (transitions: F (1,56) = 11.0; p =
0.001; time spent in area: F (1,56) = 10.87; p = 0.001; distance travelled: F (1,56) =

8.54; p < 0.005). These results are presented in Figure 2 (D,E,F).
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Fig. 2: Exploratory activity of zebrafish in the novel tank test: Ethanol caused the main effect in
fish behaviour related to the number of entries in each area (A, D, G); time spent in each area
(B, E, H) and distance travelled (F, I). Animals exposed to ethanol explored the upper level of
the tank significantly more than the non-exposed groups, and spent more time in this zone of
the tank. No differences were observed for the treatment with probiotic. Data were expressed as
mean = SEM, and p < 0.05 was considered statistically significant. Asterisks indicate
significance compared to control group. Statistical analysis was performed by Two-way ANOVA

followed by Tukey as post hoc test; n=15/group.

The analysis of swimming behaviour in the upper portion of the tank revealed
that animals exposed to ethanol spent more time in this location, and that ethanol
exposure was the only influence on the number of transitions (F (1, 56) = 12.66; p =
0.0008), time spent (F (1, 56) = 11.23; p = 0.001), and distance travelled in the upper
level of the tank (F (1,56) = 11.09; p = 0.001). These results are presented in Figure 2

(G, H, I).

Group P+E behaved similarly to group E, save for the number of transitions to
the bottom portion of the tank (p = 0.01; Fig.2 A). The probiotic diet had no effect on
animals in group P, who behaved similarly to control animals in all tests performed. No

interactions were observed between the probiotic diet and ethanol exposure, and only
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the latter appeared to have an impact on fish behaviour. During the study period, no

death or disease were observed in animals treated with LGG.

DISCUSSION

Fear and anxiety are both evident in the behavioural reactions of animals which
are exposed to a new setting or situation which may have an impact on their well-
being, physical integrity or survival. Although many different experimental protocols
have been used to assess anxiety in fish, the novel tank test is one of the most popular
methods to evaluate this variable.'*'®'%?° |n this procedure, anxiety is defined as
reduced environmental exploration and fewer transitions between areas in the tank.'®
2021 When animals are placed in new environments, they initially swim in a vertical
direction, exploring the upper areas of the tank. This behaviour is associated with
adaptation to the new setting. Greater vertical swimming, assessed by the time spent in
the upper levels of the tank and the number of transitions to this location, are
considered indicative of lower anxiety levels.'®??

Our results showed that ethanol exposure induces a significant change in
behavioural indicators of anxiety in zebrafish. The statistically significant findings
obtained (FIG 2 B,D,E,F,G,H, |I) demonstrated that animals exposed to ethanol were
less anxious when exploring a new environment than control animals. Similar results
were related by Cachat, Wong and Egan, despite the differences in experimental time

and concentrations of ethanol exposure (0.2% to 0.5%), indicating that even lower

doses of ethanol may lead to behavioural alterations detectable by the novel tank test.

19,20,21

We hypothesized that treatment with LGG could attenuate the behavioural
effects of chronic alcohol exposure in zebrafish. Ethanol acted as an anxiolytic agent

in group E, although no further behavioural alterations were observed in animals who
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received the probiotic LGG in addition to ethanol (P+E). As can be observed in Figure
2 (B,C,D,E, F, J, H and I) the behaviour of animals of P+E group was similar to that
exposed to E alone, although it did not differ significantly from that of the control group.
This finding may be explained by the presence of alcohol dehydrogenase and aldehyde
dehydrogenase in lactobacilli.?®* Acetaldehyde is the first product of ethanol oxidation in
the body and affects the activity of several neurotransmitters, consequently, can
contribute to the behavioural alterations associated with ethanol intake.*** Two
different studies have shown that lactobacilli upregulate the activity of alcohol
dehydrogenase (ADH) and aldehyde dehydrogenase (ALDH), increasing ethanol
oxidation by bacterial dehydrogenases.?®* The resulting acetaldehyde is oxidized by
ALDH into acetate, decreasing ethanol concentrations in the blood. The absence of
behavioural differences between animals in groups P+E and C maybe could be

explained by a decrease of blood concentration of ethanol.
CONCLUSIONS

In the present study, fish fed with a probiotic diet did not show any behavioural
alterations. The anxiolytic effects of ethanol were not significantly altered by LGG

intake.
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15- CONCLUSOES

Os objetivos desta tese foram estudar os efeitos do etanol no figado do zebrafish,
assim como avaliar um possivel tratamento com o probiotico LGG. Verificamos que o
etanol causou efeitos danosos ao figado e 0 LGG pode reverter quase completamente a
esteatose hepatica.
1. As analises histolégicas mostraram a presenca de esteatose e importantes
alteragdes ultraestruturais no figado do zebrafish, ap6s quatro semanas de exposi¢ao
ao etanol. A coloragdo Oil Red revelou a presenga de intensa esteatose ¢ as analises
ultraestruturais revelaram o aparente desaparecimento da compartimentalizagdo
citoplasmatica, aumento no nimero de cisternas do RER, presenca de grande
quantidade de glicogénio associado a inumeras goticulas lipidicas, sinais de
degeneracdo dos ductos biliares, figuras de mielina presentes no interior dos
canaliculos biliares e nucléolos proeminentes. O estudo morfométrico revelou o
aumento de 14,8 vezes entre a distdncia internuclear das células hepaticas dos
animais expostos ao etanol comparado ao resultado verificado nos animais controle.
Este aumento volumétrico da célula hepatica ocorreu apds a quarta semana de
exposicao ao etanol, coincidindo com o agravamento da esteatose.
2. Ao avaliarmos o efeito do etanol na expressdo dos genes relacionados com
inflamacdo, na quarta semana foi observado um aumento significativo da il-1b,
indicando um processo inflamatorio durante a intensificagdo da esteatose. O tnf-a
estava significativamente diminuido na segunda semana, no entanto houve elevacao
de sua expressdo entre a segunda e a quarta semana, porém sem alcangar

significancia estatistica com o grupo controle. A diminui¢ao inicial do tnf-a pode
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estar relacionada com a resisténcia do zebrafish aos LPS. Foi observado um
aumento significativo da expressao de sirt/ entre a segunda e a quarta semana. Nao
foi detectada expressdo hepatica da adiponectina, mas sim do seu receptor
(adipor2). A adipor?2 esta relacionada com prote¢do hepatica e parece apresentar
sinergismo com a sirtl. A il-10 ndo apresentou diferenca significativa entre os
grupos.

3. A colonizagdo pelo LGG no intestino do zebrafish, em animais expostos € ndo
expostos ao etanol, foi confirmada por meio de testes microbioldgicos, moleculares
e pelo método MALDI-TOF.

4. Em relagcdo ao efeito do etanol nos niveis de triglicerideos séricos, na quarta
semana, houve uma redugao significativa nos animais expostos ao etanol (E) e nos
expostos ao etanol e tratados com o probiotico (P+E). Neste caso pareceu haver uma
acdo exclusiva do etanol na reducdo dos niveis de triglicerideos séricos. Os niveis
séricos de colesterol ndo foram afetados pelo etanol em nenhum dos periodos
avaliados. Em relagdo ao LGG, houve uma importante reducdo nos niveis de
colesterol sérico nos animais tratados (P e P+E), tanto na segunda como na quarta
semana. As dosagens de colesterol e triglicerideos no tecido hepatico mostraram
que na quarta semana houve um aumento importante de triglicerideos nos animais
expostos ao etanol (E). Os animais do grupo exposto ao etanol e tratado com o LGG
(P+E) apresentaram uma diminui¢do significativa dos triglicerideos hepaticos
quando comparados aos animais do grupo E. Nao foi verificado qualquer efeito do
etanol ou do LGG em relagdo ao colesterol hepatico. Em resumo, o etanol causou
reducdo dos niveis de triglicerideos séricos e aumento da concentracdo de

triglicerideos hepaticos, causando esteatose. Por sua vez, o tratamento com o LGG
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reduziu os niveis de colesterol sérico ¢ a concentracdo de triglicerideos hepaticos,
reduzindo de maneira consideravel a esteatose nos animais expostos ao etanol.

5. Os testes comportamentais ndo evidenciaram um efeito significativo do
tratamento com o LGG nos animais. O etanol per se determinou a diminuicao da
ansiedade nos animais, manifestada nos testes por maior exploracdo das areas

superiores do tanque.
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16 - CONSIDERACOES GERAIS/PESPECTIVAS

O objetivo principal desta tese foi estudar os efeitos do etanol no figado do
zebrafish adulto e avaliar o uso terapéutico do probidtico Lactobacillus rhamnosus GG
na DHA. Apoés a construcdo do modelo de esteatose, investigamos genes ligados a
inflamacdo no tecido hepatico e, a seguir, avaliamos o efeito do LGG no figado dos
animais submetidos ao etanol. Em um terceiro estagio verificamos o efeito do LGG no

comportamento dos animais submetidos cronicamente ao etanol.

No primeiro estudo, intitulado — Chronic exposure to ethanol causes steatosis,
inflammation and ultrastructural abnormalities in zebrafish liver — foi verificado que
apos duas semanas de exposi¢do ao etanol, o figado do zebrafish apresentou uma leve
esteatose, que se intensificou em quatro semanas, porém sem sinais de infiltrados
inflamatorios e de fibrose hepatica a microscopia otica. Os mecanismos relacionados
com o desenvolvimento da esteatose hepatica tém sido investigados em larvas de
zebrafish, através da exposi¢do continua (32 horas), na concentragdo de 2% de etanol.
Os animais, em estado larval, apresentaram hepatomegalia, esteatose ¢ mudancas na
expressdo de genes hepaticos associados a lipogénese (PASSERI et al., 2009;
HOWARTH et al., 2012; TSEDENSODNOM et al., 2013; HOWARTH et al., 2014).
No presente estudo os efeitos do etanol foram avaliados em exposi¢@o cronica (quatro
semanas), em animais adultos, numa concentracdo de 0,5% de etanol. A presenca de
esteatose foi verificada em 100% dos animais expostos ao etanol, independentemente do

S€XO0.

Alteragdes ultraestruturais hepaticas foram observadas em larvas de zebrafish

apods exposicdo aguda ao etanol, destacando-se o alargamento do reticulo
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endoplasmatico liso (HOWARTH et al., 2012) e anormalidades nos canaliculos biliares
(HOWARTH et al,, 2013). No presente estudo, com exposi¢do cronica ao etanol, as
analises ultraestruturais revelaram diversas alteracoes, destacando-se: aumento do
numero de cisternas do reticulo endoplasmatico rugoso; presenga de grande quantidade
de glicogénio associado a inumeras goticulas lipidicas; desaparecimento da
compartimentalizacdo citoplasmatica; presenca de células de Ito com sinais de ativagao,
demonstrada por alteragdes visiveis do citoesqueleto; e degeneracdo de canaliculos
biliares, com presenca de figuras de mielina no seu interior. Os achados obtidos sdo
semelhantes aos vistos em camundongos expostos cronicamente ao etanol e em seres
humanos alcoolistas (LANE & LIEBER, 1966; DE CRAEMER et al., 1995; SANTOS
& ROCHA, 2012). Em nosso estudo, células de Ito, com sugestivos sinais de ativagdo,
foram observadas nos animais expostos ao etanol (Anexo II). Estas células foram
recentemente identificadas no zebrafish por Yin e colaboradores que demonstraram que,
tal como nos seres humanos, a exposi¢ao ao etanol ativa células estreladas no zebrafish
(YIN et al., 2012). A presenca exarcebada de lipidios e de glicogénio observada no
citoplasma esta relacionada com desregulagdes do metabolismo celular energético
devido ao excesso de etanol (BECHMANN et al., 2012). No reticulo endoplasmatico,
organela responsavel pela sintese, modificacdo e dobramento de proteinas, sinalizagdo
de calcio e sintese de lipidios, o etanol produz alteracdes morfologicas e estresse,
causando danos citotoxicos, inflamacdo e diminui¢do da sintese de DNA (TONG et al.,
2014). A presenga de figuras de mielina indica um processo de degeneragdo celular,
possivelmente, relacionado a citotoxicidade do etanol. Portanto, todas as anormalidades
vistas em nosso estudo mostram o resultado de um processo cronico de dano celular.
Apesar de citadas na literatura, anomalias mitocondriais ndo foram observadas neste

estudo.
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Acompanhando as altera¢des histologicas, houve modificagdes na expressdo dos
genes il-1b, tnf-a, sirtl e adipor2. Em mamiferos, a exposi¢do cronica ao etanol ativa a
imunidade inata e a producdo de citocinas pro-inflamatorias, contribuindo para a
patogénese da lesdo hepatica (GAO, 2012). A ativacdo da imunidade inata também
estimula a produgdo de citocinas hepatoprotetoras e anti-inflamatorias, que
desempenham um papel compensatorio contra a lesdo hepatica e a inflamacao (GAO,
2012). Neste estudo, no grupo etanol, houve aumento significativo da expressdo
hepatica de il-1b, sirt]l e do adipor2, indicando o desencadeamento tanto de respostas
inflamatorias como de protecdo hepatica. Foi avaliada também a expressdo hepatica de
il-10 e de adiponectina. A il-10 ndo apresentou diferenca significativa entre os grupos
estudados e a adiponectina ndo foi detectada no tecido hepatico.

Surpreendentemente, na segunda semana, a expressao de tnf-o estava diminuida
no grupo etanol em comparagdo ao controle, porém ocorreu um aumento expressivo
entre a segunda e a quarta semana, periodo em que o tnf-a alcangou os niveis do
controle. Em modelos de esteatose hepatica ndo alcodlica no zebrafish foram
observados o aumento da expressdo hepatica de tmf-a (HAMMES et al., 2012; SAPP et
al., 2014). Esperava-se encontrar o mesmo resultado em relacdo ao etanol, e como ndo
foram encontrados na literatura estudos sobre o efeito do etanol na expressdo hepatica
do tnf-a no zebrafish, a diminui¢do inicial de tnf-a ¢ dificil de explicar. Estudos com o
modelo murino mostraram que a endotoxemia desempenha um papel importante no
agravamento da DHA devido a indugfo de citocinas pré-inflamatérias (WANG et al.,
2015), no entanto, Sepulcre e colaboradores observaram que a sensibilidade do
zebrafish as endotoxinas ¢ mais baixa do que em mamiferos (SEPULCRE et al., 2010).

Mais recentemente, Meng e colaboradores demonstraram que receptores scavenger
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desempenham um papel inibidor na inflamagdo provocada por LPS no zebrafish, por
inibicdo da via inflamatéria do tnf~a (MENG et al., 2012). Talvez a diminuicdo inicial
do tnf-a neste modelo, tenha ocorrido a fim de evitar ou aliviar a inflamagao.

Foi observado em nosso estudo, o aumento significativo de expressao da i/-/b na
quarta semana, coincidindo com o agravamento da esteatose. Ogryzko e colaboradores
relataram que a expressdo de i/-/b pode aumentar rapidamente no zebrafish em resposta
a uma lesdo (OGRYZKO et al., 2014). Petrasek e colaboradores mostraram que a
ativagdo da IL-1b durante a esteatose, esta associada com a sinalizacdo do inflamassoma

e desempenha um papel critico no desenvolvimento da DHA (PETRASEK et al., 2012).

Sapp e colaboradores, a despeito de ndo observarem aumento na expressdo de
genes fibrogénicos, em seu modelo de esteatose induzida por frutose, consideraram que
a presenca de goticulas lipidicas associadas ao aumento de estresse oxidativo, ativacdo
de vias inflamatorias e alteracdes do reticulo endoplasmatico, caracterizariam um
modelo de esteato-hepatite (SAPP et al; 2014). Apesar de, em nosso estudo, termos
observado a presenga importante de infiltrados lipidicos, aumento da expressdo de
citocinas inflamatorias e anormalidades ultraestruturais nos hepatocitos, podemos
afirmar que encontramos somente esteatose. Este conjunto de achados pode apontar
para a evolucdo da esteatose para esteato-hepatite. Lin e colaboradores observaram o
curso da DHA no zebrafish durante trés meses de exposicdo ao etanol, na concentragdo
de 1% (LIN et al., 2015). A esteatose hepatica evoluiu, apds oito semanas de exposicdo
alcoolica, para esteato-hepatite. Apds doze semanas de exposicdo, foram observados
hepatdcitos anaplasicos com nucleos pleomorficos, arranjados em padrdes trabeculares
e nodulos hepaticos, porém este achado foi encontrado em apenas 1 animal da amostra

(LIN et al., 2015).
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O interesse em avaliar a expressao hepatica da adiponectina ocorreu por causa de
suas atividades anti-inflamatodrias e hepatoprotetoras (YOU & ROGERS, 2009). Amali
e colaboradores observaram o aumento da expressdo de adiponectina no figado do
zebrafish tratado com tioacetamida, mas ndo nos animais controle (AMALI et al,
2006). Em nosso estudo, o mRNA da adiponectina ndo foi detectado nos figados dos
animais do grupo etanol e do grupo controle. Este resultado, talvez, esteja relacionado

com uma menor hepatoxicidade do etanol, na dose utilizada, frente a tiocetamida.

Apesar da auséncia de expressdo hepatica da adiponectina, foi observado o
aumento do receptor 2 de adiponectina (adipor2) no grupo etanol. Hammes e
colaboradores observaram, no zebrafish, a diminuicdo da expressdo de adipor? e de
sirtuina-1 (sirtl) em modelo de esteatose hepatica ndo alcodlica, induzida por
tioacetamida (HAMMES et al., 2012). Em seres humanos, Kaser observou que em
presenga de esteato-hepatite ndo alcodlica, a expressdo da ADIPOR?2 estava diminuida
em comparacdo com a esteatose simples (KASER et al., 2005). Outro dado relevante ¢
que parece haver um sinergismo entre 0 ADIPOR?2 e a SIRTI (FEIGE et al., 2008). Em
nosso estudo, entre duas e quatro semanas ocorreu um aumento significativo da
expressdo da sirtl nos peixes tratados com etanol. Oliveira e colaboradores também
relataram um aumento expressivo de sirt/ no figado de zebrafish cronicamente exposto
ao etanol (0,5%) (OLIVEIRA ef al., 2009). Tanto a diminuicdo como o aumento de
expressdo da SIRTI ja foram observados em animais tratados cronicamente com etanol
(LIEBER et al., 2008, OLIVA et al., 2008). Podemos supor que a elevagdo da expressdo
de sirtl e de adipor2, neste modelo, esteja associada com sua atividade hepatoprotetora

frente a esteatose.
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Em resumo, os nossos dados sugerem que a inflamac¢do desempenha um papel
importante na esteatose hepatica alcoolica no zebrafish. A exposicdo cronica ao etanol
induziu o acumulo de lipidios hepaticos, anormalidades ultraestruturais e elevacdo de
expressao da il-1b. O aumento de expressdo do adipor2 e da sirtl provavelmente indica

uma reacao anti-inflamatéria/hepatoprotetora.

O segundo estudo desta tese deu origem ao artigo "Effects of Lactobacillus
rhamnosus GG on hepatic and serum lipid profiles in zebrafish exposed to ethanol”
publicado na revista Zebrafish em julho de 2014. O efeito do probiodtico Lactobacillus
rhamnosus GG (ATCC 53103) foi avaliado durante a exposi¢do cronica ao etanol. O
LGG possui atividade imunomoduladora, hipolipemiante e auxilia no fortalecimento da
barreira intestinal (BULL-OTTERSON et al.,, 2013; KUMAR et al., 2013). Diversos
autores relataram, em murinos, a melhora de sintomas da doenga hepatica gordurosa,
alcodlica e ndo alcoodlica, com o uso de probioticos (FORSYTH et al., 2009; CHANG et

al.,2013; RITZE et al., 2014; FEROLLA et al., 2015).

A ades3o das bactérias probidticas no epitélio intestinal ¢ um pré-requisito
essencial para a sua colonizacdo. Na literatura, ndo foram encontrados modelos de
exposicdo alcodlica associada ao uso de probidticos no zebrafish, logo, o primeiro passo
foi verificar se o intestino do peixe seria colonizado pelo probidtico em meio com
etanol. A persisténcia do LGG na mucosa intestinal do zebrafish, exposto e ndo exposto
e ao etanol, ndo apresentou diferencas significativas entre os grupos expostos e nao

expostos na dose utilizada de etanol (0,5% v/v).

Reproduzindo os resultados histologicos observados no primeiro estudo, uma
leve esteatose surgiu ap6s duas semanas e agravou-se até a quarta semana no grupo

exposto ao etanol. Em contraste, os figados dos animais expostos ao etanol e tratados
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com o probidtico LGG mostraram-se praticamente livres de gordura na quarta semana.
Este achado corrobora os achados de outros estudos que mostraram a diminui¢do da
esteatose alcodlica em animais (murinos) tratados com o probidtico LGG (WANG et
al.,2013; ZHAO et al., 2015; ZHANG et al., 2015). Estes resultados foram observados
em animais submetidos ao etanol de forma aguda ou cronica. As causas para a melhora
da DHA nestes animais foram diversas: reducao da inflamagao (WANG et al., 2013);
diminuicao da expressdo de genes lipogénicos e ativacdo de genes lipoliticos (ZHANG
et al., 2015); e fortalecimento da barreira intestinal (ZHAO et al., 2015). Considerando
a resisténcia do zebrafish as endotoxinas, pode-se supor que o efeito observado deva-se
a elevada capacidade do LGG em metabolizar o acetaldeido, composto hepatotoxico
derivado do metabolismo do etanol. Em 2000, Nosova e colaboradores ja mostraram
que o LGG reduziu os niveis de acetaldeido e mitigou os efeitos adversos do etanol

(NOSOVA et al., 2000).

A localizagdo das goticulas de gordura, na hepatotoxicidade relacionada ao
etanol nos seres humanos, ¢ mais proeminente na regido perivenular (BARAONA et al.,
1983; GUZMAN & CASTRO, 1989). Foi observado em nosso estudo, que as gotas
lipidicas estavam disseminadas no tecido hepatico, possivelmente porque, no peixe, as
velas, as artérias e os ductos biliares estdo distribuidos de maneira aleatéria. A
morfometria mostrou que houve aumento volumétrico dos hepatdcitos nos animais

submetidos ao etanol na quarta semana.

Em nosso estudo, além de promover a esteatose hepatica, o etanol diminui de
maneira significativa a concentracdo dos triglicerideos séricos, porém ndo afetou os
niveis de colesterol. Niveis aumentados de triglicerideos séricos, em seres humanos,

com uso moderado ou abusivo de etanol, foram relatados em diversos estudos
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(WAKABAYASHI, 2013; SLAGTER et al., 2014). No modelo murino, animais com
exposi¢do cronica ao etanol, apresentaram resultados divergentes: Park e colaboradores
observaram a elevagdo dos niveis séricos de triglicerideos e colesterol, entretanto, Fan e
colaboradores ndo encontraram associacdo entre a exposi¢do ao etanol e triglicerideos
séricos e observaram diminui¢do nos niveis de colesterol (PARK et al., 2014; FAN et
al., 2014).

Por sua vez, o LGG causou uma importante reducdo nos niveis séricos de
colesterol total. Os resultados de estudos em animais (murinos) e em humanos
mostraram a ac¢do redutora moderada do LGG nos lipidios séricos (KEKKONEN et al.,
2008; KUMAR et al., 2013). A possivel causa deste efeito ¢ a produgdo de acidos
graxos de cadeia curta, oriundos da fermentagdo dos carboidratos ndo-digeriveis pelas
bactérias probidticas e comensais. Os acidos graxos de cadeia curta contribuem para a
diminuic¢ao das concentracdes de lipidios sanguineos por inibi¢do da sintese hepatica de
colesterol. Outras possibilidades a serem consideradas sdo: consumo ou a assimilacdo
do colesterol por bactérias intestinais, reduzindo a quantidade de colesterol disponivel
para absor¢do; e a desconjugacdo de sais biliares na circulacdo entero-hepatica pela acdo
da enzima sal biliar hidrolase, produzida por diversos probioticos, incluindo o LGG, que
conduz a um aumento da excreg¢do de colesterol pelas fezes (PAVLOVIC et al., 2012;
KUMAR et al.,, 2013). Quanto a diminuicdo dos niveis de triglicéridios séricos,
observou-se no presente estudo, uma aparente sinergia entre o LGG e etanol. O grupo
tratado somente com o LGG ndo apresentou diferenga nas concentracdes de
triglicerideos séricos em relacdo ao grupo controle, porém o LGG quando associado ao
etanol (grupo P+E) causou uma redugdo acentuada nos niveis de triglicerideos. O LGG,
portanto, parece ser uma terapia promissora para controlar a esteatose hepatica durante

o consumo de etanol.
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No terceiro artigo - "Effects of Lactobacillus rhamnosus GG on the behaviour of
zebrafish with chronic ethanol exposure”, foi avaliada uma possivel interagdo entre a

microbiota e o cérebro durante a exposi¢do alcoolica.

Muito do conhecimento da sinaliza¢do bidirecional entre o sistema nervoso e
micro-organismos intestinais deriva de estudos da agdo de organismos patogénicos, no
entanto, um crescente nimero de evidéncias sugere que esta sinalizagdo também pode
ocorrer entre o sistema nervoso € a microbiota entérica comensal, incluindo bactérias
probidticas (SAULNIER et al., 2013). O acetaldeido, metabdlito do etanol, afeta a
atividade dos diferentes sistemas de neurotransmissores e, subsequentemente, influi nos
efeitos comportamentais causados pelo abuso de alcool (ROSEMBERG et al., 2010;
RICO et al., 2011; ZENKI et al., 2014). Dois estudos diferentes mostraram que os
lactobacilos elevam a atividade das enzimas alcool desidrogenase (ADH) e aldeido
desidrogenase (ALDH) (QING & WANG, 2008; PARK et al, 2012), aumentando a
metabolizacdo do etanol, via oxidacdo pelas desidrogenases bacterianas. O acetaldeido
formado ¢ oxidado pela ALDH a acetato, diminuindo desta maneira a concentracdo de
etanol no sangue. Portanto, a nossa hipotese teve como base a possibilidade do

probiodtico LGG atenuar o efeito do etanol nas alteragdes comportamentais do zebrafish.

Neste estudo, foram formados 4 grupos: controle (C), etanol (E), probidtico (P) e
probidticot+etanol (P+E). Os animais dos grupos E e P+E foram expostos a
concentragdo continua de 0,05% de etanol. Os animais dos grupos P e P+E, receberam
alimento com probidtico 2 vezes ao dia. Apoés 2 semanas de tratamento, os testes foram
realizados no novel tank test. Entre os varios testes experimentais para avaliacdo
comportamental de peixes, o novel tank tornou-se um dos mais populares (CACHAT et

al., 2010; WONG et al., 2010; ROSEMBERG ef al., 2012; STEWART et al., 2012).
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Quando o zebrafish é submetido a um novo ambiente, comega gradualmente a
nadar na direcdo vertical e a explorar as areas superiores do tanque. Este
comportamento reflete a sua adaptagdo ao ambiente. Os pardmetros que avaliam as
atividades verticais, como por exemplo, o tempo gasto no topo e o nimero de entradas
na zona superior, indicam os niveis de ansiedade do animal (EGAN et al., 2009;
MATHUR & GUO, 2011). Nossos resultados sugerem que o etanol causou reducdo da
ansiedade no zebrafish. Os achados estatisticamente significativos dos testes - tempo no
topo, tempo no fundo, entradas no topo e distancia percorrida no topo — demonstraram
que os animais do grupo etanol apresentaram menor ansiedade na exploragdo do novo
ambiente, quando comparados aos animais controle. Estes resultados concordam com os
achados de outros autores que investigaram o comportamento do zebrafish adulto em
um modelo de alcoolismo cronico utilizando o novel tank (EGAN et al., 2009;
CACHAT et al.,, 2010; WONG et al., 2010). Os estudos de Egan e Cachat avaliaram o
comportamento do zebrafish apds uma semana de exposicdo ao etanol (0,3% v/v)
(EGAN et al., 2009; CACHAT et al., 2010). O experimento de Wong durou duas
semanas, tempo semelhante ao que foi utilizado neste estudo, porém com uma dose
menor (0,2% v/v) (WONG et al, 2010). Os resultados comportamentais destes trés
estudos mencionados foram semelhantes a pesquisa que se realizou, apesar das doses e
tempos de administracdo de etanol haver sido diferentes. As doses variaram entre 0,2%
e 0,5%, o que indica que mesmo com uma dose menor de etanol, ocorrem alteracdes
comportamentais detectaveis pelo teste novel tank.

Verificamos que o etanol influenciou o comportamento dos animais e produziu o
efeito ansiolitico/desinibidor esperado no grupo E. O probidtico ndo causou um efeito
significante no comportamentodo grupo P+E em comparagdo com o grupo E. E de se

notar, no entanto, que nao houve diferenca de significincia estatistica do grupo P+E
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em relacdo ao grupo controle (C). A inexisténcia desta diferenca ¢ interessante. Parece
refletir alguma ag¢do do LGG, que talvez, possa ser explicada pela atividade das
enzimas alcool desidrogenase e aldeido desidrogenase, que atuam oxidando o etanol no

intestino (SALASPURO et al., 1997; NOSOVA et al., 2000).

Ao longo dos ultimos anos, progresso substancial foi feito na identificacdo
das altera¢des moleculares e fisiologicas que causam a esteatose hepatica. Os fatores de
transcri¢do que controlam o metabolismo dos lipidos hepaticos foram identificados,
porém a maior questdo ndo resolvida ¢ a natureza da relag@o entre a esteatose hepatica e
a esteato-hepatite. Os achados desta tese, entre eles a ativacdo de genes inflamatérios e
as alteracdes de organelas celulares provocadas pelo etanol, parecem apontar para a
transicdo da esteatose para esteato-hepatite neste modelo. A elucidagdo dos mecanismos
moleculares subjacentes ao desenvolvimento da DHA podera facilitar o
desenvolvimento de intervencgdes especificas destinadas a prevenir a progressdo da
doenga.

Evidéncias clinicas e experimentais atestam que a microbiota intestinal ¢ um
alvo potencial para o tratamento da DHA. A manipulacdo da microbiota, através da
administracdo de probioticos e prebidticos, tem apresentado resultados encorajadores e
¢ necessario aprofundar os conhecimentos sobre a eficacia desta terapia em longo prazo
e entender os seus mecanismos de agdo. Neste estudo, foi observado que o probiotico
LGG, auxiliou na diminui¢do das concentragdes séricas de colesterol e de triglicerideos
hepaticos, atenuando a esteatose. Considerando-se que o uso do probiodtico se deu
concomitantemente ao consumo do etanol, possivelmente o LGG possa auxiliar no

manejo da lesdo hepatica causada pelo etanol.
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As perguntas ainda a serem respondidas envolvem os mecanismos de a¢do do
probidtico LGG na diminuicdo da esteatose. Tera sido um efeito da metabolizacdo do
acetaldeido pelo LGG, acarretando a sua diminui¢do no lumen intestinal? Acdo
imunomoduladora? Diminui¢do do estresse oxidativo? Outra observacao reside no fato
do zebrafish possuir maior resisténcia as endotoxinas, podendo ser um modelo atraente

para o estudo dos mecanismos subjacentes da evolugdo da inflamacao.

Devido a alta prevaléncia da DHA, ao progndstico reservado dos pacientes e aos
enormes encargos financeiros que acarreta sobre o Sistema de Satude do pais, novas
estratégias terapéuticas devem continuar sendo testadas. E neste contexto que o uso dos

probidticos deve ser considerado.
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18 - ANEXO I

Micrografias de figados de animais do grupo controle

Micrografias electronicas de secdes de figado de grupo Controle: A, B : hepatocitos
poligonais (H), ntcleo esférico (n) sinusoide (s), células endoteliais (CE); C : Observar
entre os hepatocitos (h) e a parede de sinusoides hepaticos (s), o espago de Disse
preenchido com microvilosidades ( # ) e a presenga de eritrocitos (e) no sinusdide; D :
ducto biliar (BD) formado por um epitélio cubico envolto em lamina basal e tecido
conjuntivo; E: canaliculo intracelular com grande numero de microvilosidades (*); F:
Poros nucleares sdo observados na membrana nuclear e nucléolo bem desenvolvido
(nu); G-I: note-se o arranjo paralelo das cisternas do reticulo endoplasmatico rugoso
(rer) (seta branca ), ao redor do nucleo e em estreita associacdo com as mitocondrias
(m). Escalas das barras: A ¢ D: 5 um; B: 2 um; C,E e G: 1 um; F,H e 1:0,5 um.
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19 - ANEXO II

Micrografias de figados de animais do grupo exposto ao etanol na quarta semana

Eletromicrografias de segoes de figado de grupo Etanol : A, B, C, D, E , F: Presenca de
grande quantidade de glicogénio (g) e goticulas lipidicas ( 1d ) no citoplasma dos
hepatdcitos ; rer composta por niimero aumentado (cerca de 12) de cisternas paralelas;
G, H, I: Canaliculo com figuras de mielina, nucleo com respectivo nucéolo, presenca
de células semelhantes a células Ito com filamentos do citoesqueleto proeminentes (FI);
J, K, L:  # = espago de Disse (#); canaliculo intracelular com microvilosidades (*)
dentro ; figura mielina dentro de um canaliculo intracelular.
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H = hepatocitos ; e = eritrocitos ; ec = células endoteliais ; g=glicogéncio; Id = gotas de
lipidio; m = mitocondrias ; n = nucleo ; nu = nucléolo; mi=figuras de mielina; FI
=filamentos do citoesqueleto; rer = reticulo endopalsmatico rugoso.

Escalas das barras: A, [ =5,0 um; B, E, K=2,0 um; C, F,G, J, L= 1,0 um; D, H= 0,5
pum.
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