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RESUMO

Base tedrica: A Sindrome Hepatopulmonar (SHP) caracteriza-se por uma triade
clinica que inclui doenca hepéatica, anormalidades em trocas gasosas e presenca de
dilatacbes vasculares pulmonares, sendo a obstrucdo prolongada do ducto biliar
utilizada em modelos experimentais de cirrose biliar secundéria que leva a reacdes
inflamatdrias agudas, podendo, ainda, ocasionar alteracfes sistémicas. Animais com
cirrose induzida experimentalmente por ligadura de ducto biliar (LDB) apresentam
aumento do estresse oxidativo no tecido hepatico, mas a inter-relacdo com o tecido
pulmonar ainda ndo esta bem esclarecida. O estresse oxidativo desempenha papel
central na patogénese e na progressao de doencas cronicas, e 0 uso de
antioxidantes tem sido proposto como agente terapéutico para compensar danos
sistémicos e hepaticos. Em estudos em que a utilizacdo da melatonina foi
comparada com a utilizacdo de outros antioxidantes conhecidos como as vitaminas
C e E, tal componente mostrou-se mais eficiente na redugdo do estresse
oxidativo/nitrosativo, demonstrando que a melatonina atua como potente
antioxidante. Objetivo: A presente tese teve como objetivo investigar o efeito do
antioxidante Melatonina sobre o tecido pulmonar no modelo experimental de
Sindrome Hepatopulmonar por ligadura de ducto biliar. Métodos: O trabalho esta
dividido em trés partes: Parte |- Artigo de revisdo intitulado “Hepatopulmonary
Syndrome: Oxidative Stress and Physical Exercise,” enviado para publicacdo no
periodico European Medical Journal; Parte II- Artigo original intitulado “Efeitos da
melatonina sobre o tecido pulmonar no modelo experimental de sindrome
hepatopulmonar”, enviado para o periédico Jornal de Pneumologia; Parte Ill- Artigo
original intitulado “Efeitos da melatonina sobre o tecido hepatico e pulmonar em
animais com sindrome hepatopulmonar por ligadura do ducto biliar”, a ser enviado
para o periodico Digestive Diseases and Sciences. Foi utilizado o modelo de cirrose
biliar secundaria, induzida pelo modelo de ligadura de ducto biliar (LDB), com ratos
machos Wistar, pesando + 300 gramas, divididos em quatro grupos: CO (controle),
CO+MLT, SHP e SHP+MLT. Os animais foram tratados com MLT a partir do 15° dia
e com LDB até o 28° dia. No 29° dia, mediante administracdo de farmacos
anestésicos, foram coletados sangue, figado, pulmdo e fémur. Resultados: Nos
artigos Il e lll, ao se avaliar as transaminases, observou-se aumento significativo nas
enzimas ALT, AST e FA no grupo SHP quando comparadas aos grupos controles, o
que determina a presenca de doenca hepatica.Posteriormente a administracdo da
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melatonina, houve diminuicao significativa do grupo SHP+MLT quando comparado
ao grupo SHP na avaliagdo da lipoperoxidacéo, atividade das enzimas Catalase
(CAT), superoxido dismutase (SOD) e glutationa Peroxidade (GPx), bem como na de
Nitritos/Nitratos (NO2/NOs) e no sistema inflamatorio, quando da avaliacdo da
expressdo da Oxido Nitrico Sintase Induzivel (iNOS) e da regido p65 do fator de
transcricdo nuclear-kB (NF-kB). Também houve diferenca na gasometria arterial e na
histologia do tecido pulmonar pelas técnicas de Hematoxilina e Eosina e Picrosirius,
especialmente no didametro dos vasos pulmonares. Ao avaliar o dano ao DNA pelo
Ensaio Cometa, foi observado aumento do indice e da frequéncia de dano no grupo
SHP, com reducdo apo6s o uso da MLT. Concluséo: Os resultados sugerem efeito
protetor da melatonina no tecido hepatico e pulmonar, no modelo de Sindrome
Hepatopulmonar por ligadura de ducto biliar.

Palavras-chave: Ligadura do ducto biliar, Sindrome Hepatopulmonar, Gasometria,

Melatonina.



ABSTRACT

Background: Hepatopulmonary syndrome (HPS) is clinically characterized by a
combination of liver disease, gas exchange abnormalities, and pulmonary vascular
dilation. Prolonged biliary duct obstruction was used in experimental models of
secondary biliary cirrhosis leading to acute inflammatory reactions and possibly to
systemic changes. Animals with cirrhosis experimentally induced by biliary duct
ligation (BDL) showed increased oxidative stress in liver tissue, but the lung tissue
has not been investigated yet. Oxidative stress has a key role in the pathogenesis
and progression of chronic diseases, and antioxidants have been proposed as
therapeutic agents to compensate for systemic and liver damages. In studies
comparing melatonin with other known antioxidants such as vitamins C and E,
melatonin was found to be more efficient in reducing oxidative/nitrosative stress,
showing that it is a potent antioxidant. Objective: The present doctoral dissertation
aimed to investigate the effect of the antioxidant melatonin on lung and liver tissues
in an experimental model of BDL-induced HPS. Methods: This dissertation is divided
into three parts: Part | consists of the review article entitled “Hepatopulmonary
Syndrome: Oxidative Stress and Physical Exercise,” which was submitted to the
European Medical Journal; Part 1l consists of the original article entitled “Efeitos da
melatonina sobre o tecido pulmonar no modelo experimental de sindrome
hepatopulmonar”, which was submitted to Jornal de Pneumologia; and Part Il
consists of the original article entitled “Effects of melatonin on liver and lung tissues
of animals with bile duct ligation-induced hepatopulmonary syndrome”, which will be
submitted to Digestive Diseases and Sciences. A model of secondary BDL-induced
biliary cirrhosis was used in male Wistar rats weighing £ 300 g and divided into four
groups: control group (CG), CG+MLT, HPS, and HPS+MLT. Animals were treated
with MLT or vehicle from day 15 to day 28 after BDL. On day 29, blood, liver, lung,
and femur samples were collected after the administration of anesthetic drugs.
Results: As for transminases, papers Il e lll found that there was a significant
increase in enzymes ALT, AST e FA in the HPS group compared with the control
groups, which indicates the presence of liver disease. The administration of
melatonin led to a significant decrease in the HPS group compared with the control
groups with regard to the following variables: lipid peroxidation; catalase, superoxide
dismutase, and glutathione peroxidase activity; nitrite/nitrate ratio; and inducible nitric
oxide synthase and p65 region of nuclear factor kappa B. There were also



differences in blood gas analysis and histology of lung tissues as assessed by
hematoxylin and eosin (HE) and picrosirius red staining, especially in the diameter of
pulmonary vessels. The comet assay revealed an increase the index and frequency
of DNA damage in the HPS group compared with the control groups, but these
parameters were reduced with the use of melatonin in the HPS+MLT group.
Conclusion: Results suggest that melatonin has a protective effect in liver and lung
tissues using a BLD-induce HPS model.

Keywords: Biliary duct ligation, Hepatopulmonary syndrome, Blood gas analysis,

Melatonin.
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1. INTRODUCAO

A Sindrome Hepatopulmonar (SHP) pode ser definida como um defeito na
oxigenacao arterial que se apresenta associado a doencgas hepaticas. Trata-se de
uma triade clinica que inclui alteracdo da funcéo hepatica, anormalidades nas trocas
gasosas e presenca de dilatacbes vasculares pulmonares (Garcia et al., 1996). A
fisiopatologia da hipoxemia na SHP €& multifatorial e, dentre os mecanismos
predominantes, podem ser citados o shunt intrapulmonar, o comprometimento da
relagdo ventilacdo-perfuséo, a baixa difuséo e o desequilibrio da difusédo-perfuséo ou

do gradiente de oxigenacéao alvéolo-capilar (Faustini-Pereira et al., 2015).

Para estudar as alteracbes causadas pela SHP, alguns modelos
experimentais tém sido utilizados, sendo um deles a Ligadura do ducto biliar comum
em ratos. Estudos experimentais que utilizaram esse modelo encontraram em seus
resultados 0 aumento do estresse oxidativo no tecido hepatico, além de alteracbes

pulmonares (Kontouras et al., 1984).

O estresse oxidativo desempenha papel central na patogénese e na
progressao de doencas hepéaticas. Neste contexto, o uso de antioxidantes tem sido
proposto como agente terapéutico, bem como o de drogas coadjuvantes, com o
objetivo de compensar os danos sistémicos e hepaticos (Tieppo et al., 2009; Da
Rosa et al., 2010).

Dentre os antioxidantes utilizados, a melatonina (MLT) vem despertando
grande interesse da pesquisa cientifica devido aos seus efeitos clinicos (Simko e
Paulis, 2009). Os resultados obtidos em modelos com diferentes niveis analiticos
(diferenca entre espécies de animais, dosagem, concentracdo, etc.) ainda s&o,

entretanto, controversos.

Tendo em vista a relevancia do tema como um problema clinico e médico-
legal, a revisdo da literatura realizou-se em busca da abordagem das alteragbes

causadas pela SHP e o efeito antioxidante da melatonina nessa condig&o.
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2. REVISAO DA LITERATURA

2.1 Estratégia para localizar e selecionar informacdes

A presente revisdo bibliografica ressalta os principais aspectos relacionados a
Sindrome Hepatopulmonar e ao uso da melatonina (MLT) como estratégia
terapéutica. Nela, considerou-se a acao terapéutica da MLT como fator, e a reducéo

nos parametros de dano oxidativo e pulmonar como desfecho.

A busca envolveu as bases de dados Pubmed e SciELO, reconhecidas e
autorizadas pelo portal CAPES, sendo realizadas buscas por meio dos termos e das

combinagdes apresentadas na Figura 1.
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ORGANOGRAMA DA BUSCA

991 1. Sindrorme He .

173.183 2. Estresse Oxidativo

1

EEELEE

3. Ligadura do ducto Biliax

4. Melatonina 03

5. Inflamagéo

L EEE

il

6. Oxido Nitsico
1+2=11
1+3=68 1+2=2
1+4=0 1+3=3
1+5=21 L14=0
1+6=126 }I:':
3+2=238 Z
3+4=29 3+2=2
3+5=393 3+4=0
+6=

Figura 1. Estratégia de busca de referéncias bibliograficas.

Nesta busca, foram utilizados 129 artigos para a revisdo bibliogréfica e o

referencial teorico da tese, 39 artigos na redacao do artigo |, 25 artigos para o artigo

Il e 42 artigos para o artigo Ill. A busca foi realizada no periodo de 01 a 30 de maio

de 2017.
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2.2 Sindrome Hepatopulmonar

A Sindrome Hepatopulmonar (SHP) caracteriza-se por uma triade clinica que
inclui doenca hepatica, anormalidades em trocas gasosas e a presenca de
dilatagbes vasculares pulmonares (Garcia E. et al., 1996). A obstrucao prolongada
do ducto biliar é utilizada em modelos experimentais de cirrose biliar secundaria que
leva a reacbes inflamatorias agudas, podendo, ainda, ocasionar alteracfes
pulmonares (Silva Junior OC et al., 1998). Chang e O"Hara (1996) demonstraram
gue animais submetidos a ligadura de ducto biliar apresentavam desenvolvimento
progressivo de anormalidades nas trocas gasosas, similares aquelas encontradas
em humanos com SHP. Foi observado que esses animais cirréticos apresentavam
um gradiente alvéolo-arterial de oxigénio superior a 100% associado a hipoxemia
moderada (valores inferiores a 85 mmHg). Tais achados estavam associados a
vasodilatacao intrapulmonar, atribuida aos elevados valores de Oxido Nitrico Sintase
Endotelial (eNOS) encontrados no homogeneizado pulmonar (Fallon MB et al.,
1997).

A SHP é definida como um defeito na oxigenagdo arterial, induzida por
dilatacbes vasculares intrapulmonares, associada a doencas hepaticas. O
componente vascular caracteristico da SHP inclui capilares pulmonares dilatados,
difusos ou localizados e, menos comumente, comunicacdes pleurais e
comunicacdes arteriovenosas pulmonares (Koch, 2014). A fisiopatologia da
hipoxemia na SHP é multifatorial, e os mecanismos predominantes incluem shunt
intrapulmonar, comprometimento da relacdo ventilacdo-perfusdo, baixa difusao,
desequilibrio da difusdo-perfusdo ou do gradiente de oxigenacdo alvéolo-capilar

(figura 2).
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Desoquiliboio na et deg 30 perfuszo

Figura 2: Fisiopatologia da Sindrome Hepatopulmonar (Adaptado de Rodriguez-
Roisin e Krowka, 2008).

Animais com cirrose induzida experimentalmente por tetracloreto de carbono
(CCl4) ou ligadura de ducto biliar (LDB) apresentam aumento do estresse oxidativo
no tecido hepatico (Miltersteiner A et al., 2003; Pavanato MA et al., 2003 e Peres W,
1999).

A obstrucdo prolongada do ducto biliar em ratos € um modelo experimental
para induzir cirrose biliar secundaria e fibrose, sendo que estabelece as
caracteristicas proprias da patologia em torno de vinte e oito dias. Nesse periodo,
devido a obstrucdo do ducto biliar, ocorrem edema, reacfes inflamatérias agudas
pelo refluxo biliar e aparecimento de fibrose periportal devido a alteracdes na sintese
e degradacdo de proteinas matriciais como o colageno, as glicoproteinas e 0s
proteoglicanos, causando a desorganizacdo da arquitetura natural do parénquima
(figura 3).
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Figura 3: Modelo de cirrose biliar secundaria por ligadura de ducto biliar comum.
(Adaptado de Kontouras et al., 1984)

O estudo de Tieppo e colaboradores (2005) demonstrou em seus resultados
que o modelo experimental de LDB é capaz de reproduzir as principais
caracteristicas clinicas da SHP, tendo sido observado aumento da aspartato
aminotransferase (AST), alanina aminotransferase (ALT) e fosfatase alcalina (FA),
resultados. No artigo publicado por Colares e colaboradores (2016), que utilizou este
mesmo modelo experimental, ficou evidenciada a lesdo no figado do grupo com
SHP, apresentando melhora significativa dos padrbes da doenca (cirrose biliar

secundaria), apos o tratamento com melatonina.

Vercelino e colaboradores (2008) observaram aumento significativo das
enzimas transaminases nos animais com SHP, com melhora significativa nos
animais tratados com N-Acetilcisteina, sendo também verificada a reducédo do
diametro dos vasos e da gasometria arterial, com melhora na pressao parcial de

oxigénio (PaO2) e na saturacdo de oxigénio da hemoglobina (SatO2/Hb).

No estudo de Berthelot et al. (1966), foi observado aumento no didmetro das
arteriolas do tecido pulmonar em animais que foram submetidos a LDB, sendo
observado aumento do peso pulmonar no grupo cirrgtico em relagdo ao grupo

controle Tais alteragbes podem ocorrer devido ao shunt e a dilatacdo vascular
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intrapulmonar, possivelmente encontradas em decorréncia da congestdo capilar
intrapulmonar. A vasodilatacdo intrapulmonar presente nestes casos pode estar
associada a translocacao bacteriana, que ocorre devido a auséncia ou a diminuicao
de bile no intestino delgado, que leva a perda do efeito emulsificante e
antiendotoxico dos sais biliares, provocando niveis elevados de endotoxinas no
intestino grosso, que serdo absorvidas através da circulagcdo portal, favorecendo a

translocacao bacteriana (Cruz CAT et al.,1998).

A leséo hepatocelular impede a adequada filtragcdo do sangue portal, promove
o desenvolvimento de shunts portossistémicos e a dramatica diminuicdo da
capacidade fagocitaria do figado, permitindo a entrada de bactérias e endotoxinas
na circulacado pulmonar. Nessa situacédo, o pulmao filtra o sangue, compensando o
decréscimo da funcao fagocitaria do figado (Rabiller A et al., 2002). O aumento na
atividade fagocitaria pulmonar gera o acumulo de macrofagos no endotélio
pulmonar, a ativacdo de macrofagos secreta produtos para o0 meio extracelular,
incluindo citocinas e oxido nitrico (NO). O NO age como um sinalizador molecular
mediando a vasodilatacdo, quando produzido em baixas concentracdes pelo 6xido
nitrico sintase (NOS) em células vasculares endoteliais, e como uma fonte altamente
toxica oxidante, quando produzido em altas concentracdes pela NOS, em
macrofagos no processo patologico. As células fagocitarias tém bem caracterizadas
a geracdo de anion superoxido (O27), que é capaz de oxidar a membrana
plasmatica, produzindo grande quantidade de espécies ativas do oxigénio (EAO)
(Thannickal VJ e Fanburg BL, 2000).

No estudo de Tieppo et al. (2005), observou-se diminuicdo na PaO: e
SatO2/Hb, e aumento significativo da PaCO2 nos animais cirréticos em relacdo ao
grupo controle. Tais resultados puderam ser constatados devido as alteragbes que
ocorrem nas trocas gasosas entre o tecido pulmonar e o sistema sanguineo arterial.
Em relacdo a diferenca alvéolo-arterial, observou-se diferenca do grupo LDB em
relacdo ao grupo sham, resultado também observado por Luo et al. (1998), quando
0s animais desenvolveram, além de uma extensa diferenga alvéolo-arterial, uma
progressiva hiperventilacdo e hipoxemia, sendo esses achados similares aos

encontrados em humanos.
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No estudo de Tieppo et al. (2005), a avaliagdo da LPO no homogeneizado de
pulm&o de ratos controle e cirréticos p6s LDB demonstrou, por meio das técnicas de
Substéncias reativas ao acido tiobarbitirico (TBARS) e Quimioluminescéncia (QL),
aumento significativo da peroxidacao lipidica, explicada pela possivel acdo de
células fagocitarias no combate ao processo de translocacdo bacteriana. A migracao
de macrofagos para o pulméo leva a producao de radicais superoxido, o que requer
0 aumento da atividade enzimatica antioxidante, observada através do aumento
significativo da atividade da superdxido dismutase (SOD), no homogeneizado de
tecido pulmonar no grupo cirrético na tentativa de proteger o 6rgao da agressao dos
radicais livres ai formados. Esse estudo concluiu que o modelo experimental da LDB
apresenta as principais caracteristicas da SHP e sugeriu que o modelo pode ser
utilizado em estudos envolvendo estresse oxidativo nas alteracdes hepaticas e a sua

relacdo com o sistema respiratorio.

Quadros hipdéxicos sdo comuns em pacientes com Sindrome
Hepatopulmonar. Tal alteracdo € induzida por dilatacbes vasculares
intrapulmonares, associadas a doencas hepaticas. O componente vascular
caracteristico da SHP inclui capilares pulmonares dilatados, difusos ou localizados e,
menos comumente, comunicacdes pleurais e comunicacdes arteriovenosas
pulmonares (Koche Fallon MB, 2014).

Tal desorganizagédo vascular resulta em surgimento de unidades alveolares
nas quais a ventilacdo € preservada, porém a presenca de shunt arteriovenoso e de
vasodilatacdo pulmonar compromete a manutencdo de niveis adequados de
oxigénio arterial. Na SHP, a limitacdo da difusdo do oxigénio para o capilar
sanguineo ndo decorre do espessamento da membrana alvéolo-capilar, mas sim da
presenca de dilatacdo do leito vascular, associada a um débito cardiaco aumentado
caracteristico da circulacdo hiperdinamica do cirrético (Agusti et al., 1990; Hervé et
al., 1998; Krowka, 1995). Além disso, a presenca de mediadores produzidos ou
metabolizados pelo figado como o NO, um vasodilatador biologico potente derivado
do endotélio - e que pode estar aumentado no figado do cirrético - pode ser um
importante contribuinte para a vasodilatagdo pulmonar. A prevaléncia de SHP em
pacientes com cirrose € de, aproximadamente, 10 a 20%, contribuindo com o

aumento da morbidade e da mortalidade desses pacientes (Rodriguez et al., 2004).
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As principais manifestacées da SHP sao dispnéia e platipnéia (aumento da

dispnéia induzida pela mudanca do decubito supino para a posi¢cao ortostatica),

associadas a fadiga, além dos achados clinicos de cianose e hipocratismo digital. A

dispnéia é considerada o sintoma pulmonar mais frequente, sendo associada a

presenca de hipoxemia, que pode ser agravada pelo exercicio fisico (Agusti et al.,
1989)

O diagnéstico da SHP é definido pelo alargamento da diferenca da pressao
artério-alveolar (AaO2) acima de 15mmHg e/ou pela presenca de hipoxemia,
caracterizada por PaO2 < 70mmHg; por doenca hepatica comprovada e por
dilatagbes pulmonares intravasculares evidenciadas por meio de Ecocardiograma
(Krowka et al., 2004).

Segundo o estudo de Krowka e Cortese (1994), a SHP pode ser classificada
em dois tipos, de acordo com a PaO2 e com os achados angiograficos. A SHP tipo |
€ caracterizada pela presenca de dilatacbes pré-capilares difusas com boa resposta
a administracdo de oxigénio; no tipo Il sdo encontradas pequenas vasodilatacfes e
malformacdes arteriovenosas, sem resposta a administracdo de oxigénio (Krowka e
Cortese, 1994). Em contrapartida, Rodriguez-Roisin e colaboradores (2004)
propuseram a classificacdo para estadiamento da SHP em quatro tipos, com base
nas alteracdes gasométricas, sendo a sindrome considerada leve quando a PaO:2 >
80mmHg, moderada quando PaO2 < 80 mmHg e > 60mmHg, grave se < 60 mmHg e
> 50mmHg e muito grave em pacientes com PaO2 < 50mmHg (Rodriguez-Roisin et
al., 2004).

O uso de oxigenoterapia por periodo prolongado € indicado para pacientes
cirréticos com hipoxemia acentuada (Rodriguez-Roisin et al., 2004), sendo o
transplante de figado a Unica alternativa eficaz associada a reversado da hipoxemia a
longo prazo. Diversos estudos, entretanto, apontam que a presenca de SHP esta
relacionada a maior mortalidade apds o transplante de figado (Swanson KL et al.,
2005; Arguedas MR et al., 2003, Taillé C et al.,, 2003 e West JB e Wagner PD,
1977), sendo identificados como fatores de risco a presenca de PaO2 < 50mmHg e a

fracéo de shunt superior a 20%.
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Estudos apontam que animais com cirrose induzida experimentalmente por

LDB ou por CCls apresentaram aumento do estresse oxidativo no tecido hepético
(Miltersteiner A et al., 2003; Pavanato MA et al., 2003; Peres W., 1999), porém a
inter-relacdo das alteracbes hepaticas e pulmonares ainda ndo esta bem

esclarecida.

Como a SHP é um distarbio vascular pulmonar induzido pela doenga hepética
que causa dilatacdo microvascular pulmonar e proliferagcdo excessiva de células
endoteliais microvasculares pulmonares (PMVECS), estudos sugerem que um novo
mecanismo, a autofagia, esteja envolvido nas complicagbes pulmonares. Sendo
assim, é interessante e importante ter ideia de que a autofagia pode estar envolvida
na SHP. No estudo de Xu e colaboradores (2016), foi relatado que a autofagia foi
ativada em animais com ligadura do ducto biliar comum. Os resultados sugerem que
a ativacao da autofagia pode desempenhar um papel critico na patogénese do SHP,

e a inibicao desta pode ter potencial terapéutico para esta doenca. (Xu et al., 2016).

Em recente revisao publicada por Grilo-Bensusan e Pascasio-Acevedo (2016)
reforcou-se que a sindrome hepatopulmonar € caracterizada por anormalidades na
oxigenagdo causadas pela presenca de dilatagdes vasculares intrapulmonares. O
conhecimento sobre o assunto ainda € investigado, no entanto, a maioria das
informacBes sobre a etiopatogénese da SHP é obtida através de estudos
experimentais. A prevaléncia da doenca em pacientes candidatos a transplante de
figado varia entre 4% e 32%, com predominancia de casos leves ou moderados.
Embora seja geralmente assintomatico, ela tem um impacto na qualidade de vida e
na sobrevivéncia dos pacientes. O diagndstico requer a realizacdo da gasometria
arterial, na qual a diferenca alvéolo-arterial (AaO2) deve ser = 15 mmHg. Atualmente,
ndo ha tratamento efetivo, em que o transplante hepéatico demonstrou reverter a
sindrome e melhorar as taxas de sobrevivéncia, mesmo nos casos mais graves.

(Grilo-Bensusan e Pascasio-Acevedo, 2016).

2.3 Func¢des do Figado

O figado é o 6rgdo que desempenha papel muito importante para o
funcionamento e a manutencéo de diferentes funcdes vitais a saude do organismo,

atuando diretamente na sintese e no metabolismo de inidmeras substancias. A
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sintese e a secrecdo de sais biliares que ocorre a partir deste esta envolvida
diretamente em funcdes digestivas; porém o 6rgdo também participa ativamente na
regulacdo do metabolismo de carboidratos, proteinas e lipidios; além do
armazenamento de substancias e degradacdo e excrecdo de hormonios
(Zimmerman, 1999; Schinoni, 2008).

O figado é o maior 6rgéo interno do organismo, pesando em média 1,5 Kg,
mede cerca de 15 cm em seu plano coronal e 20 cm no plano transversal. Esta
localizado no quadrante superior direito do abdémen onde se encontra protegido

pelas costelas inferiores (Trivifio e Abib, 2003; Coelho, 2012).

Sendo o figado um 6rgéo vital para a manutencéo da vida, apresenta-se com
uma estrutura complexa, constituido principalmente por células hepaticas, que se
anastomosam, ou seja, ligam-se umas as outras constituindo, assim, unidades

morfologicas maiores denominadas de I6bulos hepaticos (Sherlock, 1984).

Nos lobos hepaticos, os hepatdcitos ou células hepaticas dispdem-se de
maneira uniforme formando placas ordenadas radialmente a partir de uma veia
central e entrelacadas de maneira ordenada por sinusoides hepaticos. Os sinusoides
sdo basicamente condutos de sangue sem parede estruturada e que se apresentam
revestidos por células endoteliais tipicas e macrofagos que, no figado, séo

conhecidos como células de Kupffer (Friedmane Arthur, 2002; Coelho, 2012).

As células de Kupffer sdo conhecidas por sua fungéo fagocitaria e pertencem
ao sistema reticulo endotelial. Podem ser ativadas por diferentes fatores, dentre
estes se podem citar as endotoxinas, sepse, acido araquiddnico e fator de necrose
tumoral (TNF), entre outros. Como resultado da ativacdo destas células ocorre a
producdo de citocinas, peréxido de hidrogénio (H202), Oxido nitrico (NO),
interleucinas (IL), interferon alfa (a) e beta (B), fator de transformacdo de

crescimento (TGF-B) e varios prostandides (Miltersteiner, 2003; Coelho, 2012).

O estreito espago que separa o sinusdide dos hepatdcitos é denominado
espaco de Disse, onde se localizam as células estreladas hepaticas (CEH), (Figura
4) (Friedmane Arthur, 2002; Friedman, 2008).
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Figura 4: Detalhes da estrutura hepética. Espaco subendotelial de Disse com
presenca de células estreladas quiescentes (seta branca), células de Kupffer (seta
verde), microvilosidades (seta vermelha) e fenestracbes (seta amarela). Fonte:
adaptada (Friedmane Arthur, 2002).

No figado normal, ocorre equilibrio entre as substéncias vasoconstritoras -
Endotelina 1 (ET-1) e vasodilatadoras (NO). Na presenca da doenca hepatica ocorre
o desequilibrio, com aumento da ET-1 e diminuicdo do NO. Em decorréncia disso,
h&4 aumento da contratilidade das células estreladas, constricdo sinusoidal, com
aumento da resisténcia intra-hepatica ao fluxo sanguineo. Além desses mediadores,
existem outros, como a angiotensina Il, prostanoides e mondxido de carbono, que
podem também desempenhar um papel na endoteliopatia encontrada na cirrose. A
disfuncdo endotelial pode estar presente nos compartimentos vasculares intra-

hepaticos ndo sinusoidais (figura 5).
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Figura 5: Endoteliopatia presente na circulacdo intra-hepatica (Adaptado de
Rockey, 2003)

A presenca de nodulos formados a partir dos septos de fibrose no tecido
hepatico é condicdo essencial para o desenvolvimento da cirrose. Os septos de
fibrose podem envolver um I6bulo Unico, formando pontes de uma veia porta a outra,
podendo atravessar todo o I6bulo. Também podem unir-se com a veia central (veia
porta), formando varios nédulos menores ou ainda, se estiver envolvido com muitos
I6bulos pode criar um nodulo maior. Na cirrose, ocorrem alteracbes morfolégicas
baseadas nos tamanhos dos nddulos hepéticos: o micronodular, em que os nodulos
apresentam um tamanho menor que 3 mm de diametro e normalmente mostram
variacdo de tamanho, e o tipo chamado misto, que é formado por uma mistura entre

o tipo micronodular e macronodular, acima de 3 mm (figura 6).
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Figura 6: Hepatécito normal e processo de progressdo da cirrose. (Adaptado de
Schiff et al., 2003).
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Em casos em que a lesdo hepdatica torna-se crénica, uma matriz fibrilar,
produzida a partir da ativacdo das CEH, passa a ser acumulada no espaco
subendotelial de Disse, resultando na perda das microvilosidades dos hepatdcitos e
reduzindo o tamanho e o niumero de fenestracdes presentes neste espaco, fazendo
com que menos substancias ligadas a proteinas cheguem ao hepatécito. Essas
alteracdes ainda podem vir acompanhadas da ativacdo das células de Kupffer
dentro dos sinusoides (Figura 7) (Friedmane Arthur 2002; Friedman 2008; Bona,
2010).

Figura 7: Arquitetura hepética com injaria cronica. Espaco subendotelial com
presenca de fibrose (seta branca), perda de fenestracdes (seta amarela) e
microvilosidades (seta vermelha). Fonte: adaptada (Friedman e Arthur, 2002).

A cirrose, consequéncia final da progressiva fibrogénese, é atualmente
definida como um estagio avancado da doenca hepatica crénica, caracterizada pela
perda da estrutura acinar para se tornar uma estrutura nodular, circundada por
septos de extensa fibrose no parénquima hepatico (Hernandez-Gea e Friedman,
2011; Novo et al., 2014).

A cirrose frequentemente se desenvolve insidiosamente ao longo de muitos
anos (20 a 40 anos), sendo o ritmo influenciado por fatores genéticos e ambientais
(Hernandez-Gea e Friedman, 2011). Com isso, ho momento do diagndstico, 0s
pacientes podem apresentar-se em um estagio avancado da doenca, sem nenhuma
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garantia de que o tratamento atualmente disponivel para remover a causa

subjacente ira ter sucesso (Snowdon VK e Fallowfield, 2011).

Na sua evolucdo, a cirrose compromete outros 06rgdos e sistemas
determinando complicacbes graves, que ocasionam a sua grande morbi-
mortalidade. O tratamento destas situacdes € paliativo, sendo o transplante hepético
a Unica terapéutica efetiva e de resolugdo. O numero limitado de doacdes de orgdos
dificulta e impede a resolucdo plena deste problema. Estas limitacdes evidenciam a
urgéncia e a necessidade de desenvolver terapias anti-fibréticas eficazes (Snowdon
VK e Fallowfield, 2011).

2.4 Estresse Oxidativo

O estado de desequilibrio entre as espécies oxidantes e os antioxidantes, a
favor das oxidantes é conceituado de estresse oxidativo. Esta situacao ocorre devido
a geracao exagerada de espécies ativas de oxigénio (EAO) e/ou de radicais livres
(RL) ou a reducdo das defesas antioxidantes (Halliwell, 1989). Os organismos
aerobios, por necessitarem de oxigénio para produzirem ATP, utilizam metabolismo
oxidativos, essa forma de fonte energética gera espécies intermediarias derivadas
do O2, conhecidas por EAO (Boveris e Chances, 1973).

As EAO séao produzidas fisiologicamente durante a conversdo do oxigénio
molecular em agua, na cadeia eletrdbnica mitocondrial. A cadeia eletronica fornece
elétrons de forma monovalente, gerando assim anion superéxido (O2") e perdxido de
hidrogénio (H202) (Figura 8). O H202 é uma molécula estavel, porém, facilmente, na
presenca de metais de transicdo forma o radical hidroxil (‘(OH) (Thannickal e
Fanburg, 2000). Esse ultimo, um radical livre, muito mais reativo e nocivo aos acidos
graxos da membrana lipidica (Halliwell, 1989). Além do anion superoxido (Oz2"), do
perdxido de hidrogénio (H202) e do radical hidroxil ((OH), também s&o conhecidas
por EAO o radical peroxil (ROO) e o alcoxil (RO:), anion hipoclorito (OCI") e oxigénio
singlet (*O2) (Barp et al., 2002). Os radicais livres sdo capazes de oxidar moléculas
biologicas, pois sdo extremamente reativos devido ao Ultimo orbital
desemparelhando.

Outras espécies oxidantes que merecem atencdo sdo as derivadas do 6xido

nitrico (NO). Sua relevancia se deve a capacidade de se combinar com as EAO,
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gerando o peroxinitrito (ONOO™), que potencializa o estresse oxidativo. Essa ultima
espécie é muito reativa e danosa a célula (Halliwell, 1989).

As EAO sao formadas nas cristas mitocondriais, na reagdo NADPH/
NADP, no metabolismo da xantina oxidase, no reticulo endoplasmatico, no processo

isquemia/ reperfuséo e nos insultos inflamatorios.
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Figura 8: Esquema da geracdo das espécies ativas de oxigénio (EAO) e das
espécies reativas de nitrogénio (ERN). NADPH: fosfato nicotinamida adenina
dinucleotideo; O2: oxigénio; O2: anion superoxido; H202: perdxido de hidrogénio;
SOD: superéxido de dismutase; ONOO": peroxinitrito; NO: 6xido nitrico; NOS: 6xido
nitrico sintase; Fe?*: ion ferro; OH-: radical hidroxil, R-OO: radical peroxil (MOREIRA,
2015).

Os radicais livres podem oxidar os lipidios, causando a lipoperoxidacdo
(LPO), assim como pode oxidar proteinas, gerando a inativacdo enzimatica ou a
alteracdo do estado redox intracelular; e por fim podem danificar a estrutura do DNA
(Favier et al., 1995). S4o esses eventos nocivos que tornam importante entender o
estresse oxidativo e suas repercussodes sistémicas. Neste contexto, a geracao de
EAO e RL contribui com um ambiente favoravel aos multiplos processos patologicos,

mantendo ou agravando o estado de doenca (Klaunig et al., 2010).
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A superproducdo de EAO e RL, associada a precaria resposta das defesas
antioxidante, pode ser responsavel pelo dano oxidativo de macromoléculas.
Exemplo desta condicdo, é a 0 que ocorre na inflamacgdo crénica que ocasiona
ativacdo de inumeros fatores pro-inflamatorios e proliferativos. Nesse ambiente,
mediadores quimicos associado ao aumento do metabolismo local e as disfuncbes
vasculares que potencializam a formac&o de mais EAO. Na sequéncia, estimulam as
células envolvidas com o processo de reparo, resultando em maior depdsito de
fibrose. Muitos autores citam a forte relacdo entre aumento do EO e a presenca da
fibrose (Tieppo et al., 2009; Bona et al., 2012). Bona et al, 2012, refere que animais
cirréticos exibiam maiores valores de LPO e maior deposito de fibrose na avaliagéo
histolégica.

Droge (2002), relata que as EAO podem estimular as vias de transducéo de
sinal e levar a ativacao de fatores chave de transcricdo como fator nuclear eritroide-2
(Nrf2) e NF«B, contribuindo para o agravamento e para a manutencédo da doenca
(Klaunig et al., 2010).

O estresse oxidativo se sustenta na presenca que quadros inflamatérios,
como na cirrose, na hipertensdo portal e na sindrome hepatopulmonar (SHP), pois
nesses ambientes existem aumento do metabolismo, alteragdo do pH e altas
concentracbes de metais de transicao, que facilita a producéo de radicais livres.
(Wang et al., 2006).

2.5 Defesas antioxidantes: sistema enziméatico e ndo enziméatico

O organismo disp&e de eficiente sistema de detoxicacdo dos RL e das EAO.
Sabe-se que 0s RL s6 séo estabilizados quando reagem com outro radical ou com a
acdo quimica do sistema antioxidante. Os antioxidantes atuam de duas formas
estabilizando a EAO ou se ligando aos ions de transicdo. Eles podem, entéo:
prevenir a formacdo de novos RL, como a superéxido dismutase (SOD), a glutationa
peroxidase (GPx) e as proteinas de unido com metais (ferritina e ceruloplasmina);
reagir com radicais, evitando as reacfes em cadeia, como as vitaminas E e C, o
acido urico e a albumina; e reparar as moléculas oxidadas por radicais, como por
exemplo, enzima reparadora de DNA (Cheeseman e Slater, 1993).

Esse sistema de defesa pode ser de origem enzimatica ou ndo-enzimatica. As
defesas antioxidantes enzimaticas s&o: superdxido dismutase (SOD), catalase

(CAT), glutationa peroxidase (GPx), glutationa dissulfeto redutase (GR) e glutationa
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S transferase (GST) (Travacio e Llesuy, 1996). As defesas antioxidantes néo
enzimaticas sdo compreendidas pelas vitaminas (a-tocoferol, B-caroteno, &cido
ascorbico), glutationa e flavonoides (Koul, Bhatia e Bansal, 2001).

A principal funcdo do sistema antioxidante enzimatico € manter o equilibrio
entre a producdo de substancias pré-oxidante e antioxidante, que muitas vezes o
organismo fica exposto, evitando aumento das oxidantes. Cada enzima deste
sistema desempenha um papel especifico no controle do balango oxidativo.

Na reacao | exibe a acéo catalitica da SOD junto ao anion superoxido. Essa
enzima é responsavel pela dismutacdo do anion superoxido em H202 e Oo..
Apresenta-se em trés formas: a Cu-ZnSOD, localizada no citosol; a Cu-ZnSOD
situada no endotélio vascular e, por ultimo, a SOD-manganés, presente na matriz

mitocondrial (Chance et al., 1979).

SOD
202"+ 2H" > H2O2 + O2 ()

Ao final da dismutacdo do anion superoxido é formado o perdxido de
hidrogénio e o O2. O H202, ndo é considerado um radical, porém facilmente reage
com metais de transicdo, formando o radical hidroxil. Para remover os peréxidos,
sdo utilizadas duas enzimas a CAT e da GPx, tendo a CAT mais afinidade ao
perdxido de hidrogénio, de metila e etila, enquanto que a GPx catalisa a reducao de
perdxido de hidrogénio e de hidroperéxidos organicos (Travacio e Llesuy, 1996). A

acao da catalase sobre o peréxido é apresentada na reacao Il.

CATALASE
2 H202 —> O2 + 2H20 (1))

A GPx como dito anteriormente, atua sobre peréxidos organicos, localizada
no citosol e na matriz mitocondrial e, reduz os perdxidos a agua, por meio da
oxidacdo da glutationa reduzida (GSH). Particularmente, nessa reacdo ha
necessidade de restabelecer a glutationa oxidada (GSSG), por isso Glutationa
Redutase (GR) consome NADPH para restaurar a GSSG em GSH, como é descrito
na Figura 9 (Halliwell, 1989).
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GPx Catalase 1
H02——— H20+ %% i::v2

GSSG SOD

7 e O2°

NADPH NADP *

Fe* —J OH-

Figura 9: Sistema de defesa antioxidante e a interacao entre as enzimas. H20:
agua; GPx: Glutationa Peroxidase; H202: perdxido de hidrogénio; O2: oxigénio;
GSSG: Glutationa oxidada; GSH: Glutationa reduzida; GR: Glutationa Redutase;
SOD: Superoxido de dismutase NADPH: fosfato nicotinamida adenina dinucleotideo;
Fe?*: ion ferro; OH-: radical hidroxil (Moreira, 2015).

Para reforcar o sistema das defesas antioxidantes enddgeno e manter o
equilibrio redox estavel, os organismos aerdbios podem utilizar o sistema de
suplementacdo de substancias exogenas que desempenham a funcdo de
antioxidantes. Sao substancias capazes de doar elétrons para os RL, assim
estabilizando-os. Dentre elas estdo vitaminas (a-tocoferol ou vitamina E, B-caroteno,
acido ascorbico ou vitamina C), glutationa, quercetina, flavonoides e melatonina
(MLT) (Tieppo et al.,, 2009; Bona et al.,, 2012). Essa pesquisa tem por proposta
investigar os efeitos antioxidante e anti-inflamatério da melatonina (Reiter et al.,

2007), em animais cirroticos por LDB e com SHP.

2.6 Estresse Nitrosativo

O NO é considerado um segundo mensageiro intracelular com inumeras
funcdes biologicas, incluindo as funcdes neurotransmissora, vasodilatadora,
imunologica e metabdlica (Bredt, 1999). O NO é gerado a partir dos substratos
arginina e O2 por uma familia de trés isoformas do NOS: NOS endotelial (eNOS),
NOS neural (nNOS) e a NOS induzivel (iNOS). Estudos anteriores tém mostrado que
essas isoformas exibem uma ampla distribuicao tecidual, incluindo o tecido muscular
esquelético (Reid, 2001). O NO é consideravelmente menos reativo que o radical
*OH, porém sua interagdo com o O2e- produz outra ERN, o ONOO-, capaz de se
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decompor produzindo potentes oxidantes em pH fisiolégico. Ao contrario de outras
EAO e a exemplo do *OH, o NO, bem como o ONOO-, ndo possuem uma enzima
antioxidante especifica, sendo suas concentracdes reguladas pelos niveis de
antioxidantes nao enzimaticos e, principalmente, pelas concentragoes de O2e-

disponiveis (Kooy e Royal, 1997).

As EAO e ERN séo produtos do metabolismo celular fisiologico, possuindo
um duplo papel, que pode ser nocivo ou benéfico para o organismo. Diversas
funcdes fisioldgicas sdo controladas por essas moléculas, incluindo a regulacdo do
tbnus vascular, defesa contra microorganismos invasores e células nocivas,
monitoramento da tensdo de oxigénio no controle da ventilacdo e na producao de
eritropoetina, além de atuar como mediador e modulador de sinalizacdo molecular

(Ascenséo et al., 2007; Buonocore e Groenendaal, 2007).

A sintese do NO ocorre pela acédo da enzima NOS, através da conversao de

L-arginina e oxigénio em L-citrulina e NO (figura 9).

NOS
L-arginina > L-citrulina
+ +
0O, NO

Figura 10: Sintese do NO. Fonte: Adaptada (Liaudet et al., 2000).

A producdo de NO é principalmente gerada através da ‘resenaca de 6xido
nitico sintase (NOS). Esta enzima catalisa a oxidacdo de um nitrogénio guanidino da
L-arginina que é convertida em L-citrulina (figura 9). Existem trés formas de NOS
identificadas: eNOS, a nNOS e a INOS. A eNos é uma NOS constitutiva e produz
NO no endotélio vascular sob condicbes basais, mas a forca de cisalhamento
produzida pelo fluxo sanguineo pode incrementer sua producédo, a nNOS que regula
a transmissdo neuronal e a iINOS identificada primeiramente nos macrofagos esta
relacionada aos danos teciduais e presente na inflamacdo e apoptose celular
(Knowles e Moncada, 1994; Davis et al., 2001).

O NO pode ser dividido de acordo com o mecanismo de agdo da molécula

com sua ceélula alvo. Esse mecanismo pode ocorrer de duas formas: quando
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interage diretamente com a molécula do sistema alvo e quando existem
intermediarios de espécies ativas de oxigénio como o O2+- que podem reagir com 0
NO, podendo levar a formacdo de ERN, como o ONOO- (Villanueva e Giulivi, 2010).
A producdo exacerbada de espécies reativas de nitrogénio é conhecida como
estresse nitrosativo. Isso ocorre quando a geracdo de ERN em algum sistema
excede a habilidade do sistema em estabiliza-las e/ou elimina-las (Valko et al.,
2007).

O oxido nitrico sob condic¢des fisiologicas desempenha um papel essencial ha
homeostase vascular bem como no sistema imune e atua como uma molécula
moduladora em diferentes processos fisiol6gicos como na regulacdo da integridade
e motilidade intestinal (Wolin, 2000; Krieglstein et al., 2001; Kolios et al., 2004; Soufli
et al., 2016). Estimulos, como pela isquemia e reperfusao, levam ao aumento dos
niveis de NO e a producdo de peroxinitrito, causando acentuada peroxidacao
lipidica, protéica e modificacdes no DNA, resultando em danos celulares (Liu et al.,
2007; Roberts et al., 2013).

Na I/R intestinal, a producdo aumentada de NO leva a disfuncdo celular da
mucosa, acarretando uma série de eventos prejudiciais ao 6rgdo isquémico como
perda da integridade da barreira da mucosa e a consequente liberacdo de
mediadores inflamatorios para outros sistemas podendo levar a inflamacéao sistémica
caracteristica da Sindrome de disfuncdo de multiplos 6rgdos (SDMO) (Carden e
Granger, 2000; Krieglstein et al., 2001; Granger e Kvietys, 2015). O aumento dos
niveis de NO é associado a expressdo da forma induzivel INOS que néo esta
presente em condicBes normais, mas pode ser induzida em resposta a citocinas e
fatores de transcricdo nuclear, levando, assim, ao aumento dos niveis de NO, o que
contribui para a fisiopatologia da lesdo por isquemia/reperfusdo (I/R) intestinal e
consequentes danos sistémicos (Takizawa et al., 2011; Granger e Kvietys, 2015).
Sun et al. (2015) utilizaram a dexmedetomidina (DEX) como tratamento na lesdo
intestinal induzida por I/R e demonstraram que o0s hiveis de NO foram
significativamente reduzidos em comparacao com o grupo I/R, sugeriram que NO é
um mediador critico da resposta inflamatoria durante o desenvolvimento da leséao
intestinal. Estudos sugerem que a INOS desempenha papel importante no
agravamento da lesdo I/R, e que a sua inibicdo implica a reducao da producao de
NO (Liu et al.,, 2007; Kudoh et al., 2014; Akcilar et al., 2015; Sun et al., 2015).

Takizawa et al. (2011) observaram aumento nos niveis de NO e uma expressao
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aumentada do gene da iINOS em modelo animal de lesao intestinal I/R (Takizawa et
al., 2011).

2.7 Fator de transcrigdo nuclear kappa B

Fator de Transcricdo Nuclear Kappa B (NF«B)

O fator nuclear kB - NFkB — é considerado um dos principais fatores nucleares
ligados a resposta inflamatdria. Encontra-se no citoplasma na sua forma inativada,
porém a fosforilagdo da subunidade NFkB (p65) pode afetar fungbes importantes,
como a ativacdo da transcricdo de inumeros genes pro-inflamatérios e de
sobrevivéncia celular. Os sinais que ativam o NF«B s&o originados por estimulos
decorrentes de: citocinas, sinais mitogénicos, mediadores biol6gicos, produtos
bacterianos, produtos virais, estresse fisico, estresse oxidativo e agentes quimicos
(Siebenlist, Franzoso e Brown, 1994). Na presenca do estresse oxidativo, pode ser
ativado, resultando no desacoplamento do seu inibidor (IkK) e no movimento em
direcéo ao nucleo (Figura 11 ). No ndcleo, se liga a regido promotora de genes alvos
e iniciando a expressdo de genes de moléculas de adesdo e de mediadores
inflamatdrios (Thanos e Maniatis, 1995; Bakkar e Guttridge, 2010). E formado por
um complexo dimero da familia de polipeptideos da familia Rel/ NFkB, que se
dividide em duas classes: a primeira classe consiste de proteinas precursoras p105
e pl00, que sdo processadas e maturadas nas formas de p50 e p52,
respectivamente. A segunda classe é representada pelas proteinas do tipo Rel (c-

Rel), v-Rel, Rel A (p65) e Rel B (Siebenlist, Franzoso e Brown, 1994).
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Figura 11: Ativacdo do NFkB e suas ac¢Oes sobre a inflamacao (Adaptado de

Tabrunyn e Griffion, 2008; Walston, 2015).

Em condi¢des basais o NFkB encontra-se inativo, no citoplasma, ligado a uma
proteina inibitoria IkB. Entretanto, inUmeros estimulos sdo capazes de inativar o
inibidor, e assim permitir a rapida translocacéo do fator para o nucleo, para que seja

iniciada a transcricdo nuclear (Siebenlist, Franzoso e Brown, 1994).

Muitos pesquisadores acreditam que o conhecimento sobre esse fator e o
entendimento das vias utilizadas por ele seja o caminho para elucidar a complexa
rota inflamatéria. Como exemplo, muitos sinais de transducdo tém sido implicados
na ativacdo do NF«B, capazes de iniciar a cascata de fosforilagdo (Bours et al.,
1992). As vias de comunicagao celular e de sinalizagdo entre o citoplasma e o
ndcleo sdo extremamente complexas, porque a ativacdo da resposta dos fatores
nucleares € dependente do estimulo transmembrana, dos receptores, da proteina
quinase, do 2° mensageiro, dos processos de fosforilagdo e das proteinas

citoplasmaticas envolvidas.
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Existem bases cientificas que sugerem que substancias oxidantes, como as
EAO, sejam capazes de atuar como sinalizadores ao NFkB. E que antioxidantes
exercem capacidade regulatéria sobre a funcdo do fator nuclear kB. Este fato
demonstra que, o NFkB é um fator de transcricdo responsivo ao estresse oxidativo

(Van Den Berg et al., 2001).

2.8 Melatonina

Melatonina: caracteristicas e funcdes

Muitos autores tém apresentado o desequilibrio redox como peca central na
patogénese e progressao de doencas hepaticas. E como prova dessa hipoétese, eles
tém demonstrado que o uso de antioxidantes é capaz de reverter o quadro de
doenca instalado. Com base nessas evidéncias, tem sido proposto que o controle do
estresse oxidativo pode ser uma forma promissora de terapia alternativa, bem como,
0 uso de antioxidantes exdégenos para compensar 0os danos sistémicos e hepaticos

(Moreira et al., 2004; Tieppo et al., 2009; Bona et al., 2012).

N-acetil-5-metoxitriptamina, conhecida por melatonina (MLT), € uma
indolamina lipofilica, formada a partir do triptofano e produzida, principalmente, pela
glandula pineal dos vertebrados (Reiter e Tan, 2002; Reiter et al., 2007). As
principais funcfes da melatonina estdo associadas ao controle e tratamento de
alteracdes ligadas ao ritmo circadiano (Kostoglou-Athanassiou, 2013; Perdomo et
al., 2013); ao ritmo do sono, ao humor, a maturacédo sexual e reproducao, a funcéo
imunitaria e ao envelhecimento (Mills et al., 2005, Allegra et al., 2003, Reiter et al.,
2001). Recentemente, esta sendo citada como um potente antioxidante, que atua de

forma sinérgica ao sistema de defesa antioxidante (Perdomo et al., 2013).
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A melatonina € descrita por inUmeras acdes, que sdo dependentes do
receptor que se liga (M1, M2 e M3), do tipo de célula em que estd atuando e dos
niveis de hormonios corticotropico. Dentre as a¢fes, podem ser elencadas: atividade
anti-angiogénica (Lissoni et al., 2001), atividade anti-inflamatoéria (Lissoni et al.,
1997), imunoestimulagédo (Brzezinski et al., 1997, Lissoni et al., 2002), antioxidante
(Reiter et al., 2004) e oncostatica (Mills et al., 2005; Reiter et al., 2007, Blask et al.,
2002). Os efeitos oncostéticos foram descritos pela primeira vez por Blask et al.
(2002), e atualmente, sdo amplamente estudados, principalmente em tumores de
mama, coélon e ovario (Shiu et al., 2003, Mills et al., 2005; Otalora et al., 2008; Jung

et al., 2010; Carbajo-Pescador et al., 2011).

Dentre os antioxidantes exdégenos nao enzimaticos, a melatonina foi
considerada a que melhor desempenhou o papel de substancia antioxidante,
apresentando resultados melhores no controle do estresse oxidativo que o a-
tocoferol e o acido arcorbico (Reiter et al., 2001; Reiter et al., 2003). Sua estrutura
molecular € composta de uma ligacdo dupla entre os carbonos 2 e 3, que lhe
permite doar elétrons para estabilizar RL. Gracas a essa caracteristica quimica, ela
exibe acdo antioxidante. A melatonina tem boa mobilidade pelas barreiras
morfofisioldgicas, devido ao seu peso e pela propriedade de anfifilicidade. Esse
transito facilitado garante seu rapido acesso aos locais de producdo de radicais
livres, por exemplo, nas cristas mitocondriais (Reiter et al., 2001; Reiter et al., 2003)
(Figura 12). Reiter et al., 2003 refere que a melatonina atua como scavenger sobre

os radicais livres e também, estimula a producdo de varias enzimas antioxidantes.
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Figura 12: A estrutura quimica da Melatonina. E uma indolamina, com PM de
232,27 g/mol, caracteristica quimica de anfifilicidade, A propriedade antioxidante é
conferida pela dupla ligacdo presente nos carbonos 2 e 3 (do anel pirrélico) que

possuem alta capacidade de doar elétrons (Cipolla-Neto e Afeche, 2008).

Somado aos efeitos antioxidantes, a melatonina também atua como anti-
inflamatorio, por sua capacidade de reduzir a expressdo de Oxido nitrico sintase
induzida (iNOS) e da ciclo-oxigenase (COX-2) (Mauriz et al., 2013; Perdomo et al.,
2013). Nos estudos que demonstraram tal efeito, provaram que o controles dessas
enzimas resultaram em reducdo na liberagdo de inUmeras de moléculas pro-
inflamatérias (Perdomo, et al., 2013). A melatonina modula a ativacao de: NF«B,
controlando resposta inflamatoria e proliferativa; do fator induzivel por hipoxia (HIF),
revertendo as disfungbes vasculares e sobre o fator nuclear eritréide-2 (Nrf2),
estimulando a acgéo cito-protetora (Mauriz et al., 2013; Carbajo-Pescador et al.,

2013; Vriend e Reiter et al., 2015).

Esse fator, Nrf2, & estimulado na presenca de substancias oxidantes ou de
ambientes em estresse oxidativo agudo, porém foi provado que a melatonina é
capaz de ativar o Nrf2 que € responsavel pela transcricdo de varias enzimas
antioxidante (Venugopal e Jaiswal, 1996; Tripathi e Jena, 2010). Devido a isto, é
possivel que sistemas biologicos expostos a melatonina obtenham altos niveis de
enzimas detoxificantes da fase |, tornando-os mais preparados para situacdes de

estresse oxidativo ou situacdes de toxicidade.
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Tripathi e Jena, (2010) relataram que apo6s o uso de melatonina, foi observado
aumento da a expressédo de enzimas detoxificantes - Heme Oxigenase 1 (HO-1) e
NAD(P) quinona oxidoredutase-1 (NOQ1), e eles associam esse aumento pela

ativacédo do Nrf2.

O fator de transcricdo NFkB exerce comportamento dual nos organismos
celulares, pois é responsavel pela expressdo de muitos genes que regulam a
resposta imune, inflamatoria e apoptotica. Entretanto, pode ser o responsavel por
inUmeras doencas quando se encontra excessivamente ativado. Baeuerle e Henkel,
(1994) relatam que a regulacédo deste fatore pode resultar no controle da producéo
de citocinas pro-inflamatérias. A melatonina auxilia o sistema de defesas
antioxidantes das células, devido a regulacdo génica do Nrf2 e pela modulacdo do
NFkB (Cuzzocrea e Reiter, 2002; Mauriz et al., 2013; Hill 1988; Papazisis et al.,

1999; Petranka et al., 1999; Fariol et al., 2000).

A melatonina atua como antiapoptética em doencas inflamatérias hepéticas.
Entretanto, estudos ‘in vitro”, comprovaram acbes pro-apoptotica em células
tumorais, controlando o crescimento tumoral (Martin-Renedo et al., 2008; Carbajo-
Pescador et al., 2013, 2013a). Essa acao oposta acredita-se que esteja associado
ao tipo de receptor em que ela se liga (M1, M2 e M3) (Sainz et al., 2003). Por ser
capaz de atuar em iniUmeros mecanismos e ser seletiva nas acdes de regulacao do
estresse celular e oxidativo, torna a melatonina um interessante agente terapéutico

no tratamento de doencas hepéticas.

Nesse contexto, esse trabalho buscou estudar os efeitos antioxidantes e anti-
inflamato6rio da melatonina sobre o pulm&o de animais cirréticos por LDB e que

desenvolveram SHP.
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3. MARCO CONCEITUAL

A Sindrome Hepatopulmonar apresenta-se com uma triade clinica que inclui
alteracdo da funcdo hepatica, anormalidades nas trocas gasosas e presenca de
dilatacbes vasculares pulmonares, sendo atualmente um diagnostico muito
prevalente e incapacitante para os pacientes acometidos. O estresse oxidativo
desempenha papel central na patogénese e na progressao de doencas cronicas,
sendo o uso de antioxidantes uma alternativa terapéutica, com o objetivo de

compensar os danos sistémicos e hepaticos.

Dentre os antioxidantes utilizados, a MLT vem despertando grande interesse
devido ao seu efeito antioxidante. A capacidade da MLT em atuar sobre os radicais
livres deve-se a sua propriedade de anfilicidade, ou seja, é capaz de difundir-se
tanto em meios hidrofilicos quanto lipofilicos. E por ndo apresentar efeitos colaterais
e de toxicidade, caracteriza esta molécula como um antioxidante ideal,
principalmente como agente terapéutico em doencas com o0 envolvimento do

estresse oxidativo (figura 13).
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Figura 13: Marco conceitual, construido a partir da base tedrica que sustenta

0 estudo.
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4. JUSTIFICATIVA

Sa0 cada vez maiores as prevaléncias e as incidéncias de doengas
inflamatdrias hepaticas com repercussdes em outros sistemas, sendo elas motivo de
preocupacao para a saude publica no Pais. Por outro lado, ainda se deve evoluir na
elucidacdo do comprometimento dos diversos sistemas envolvidos na evolucdo da
doencga, como no sistema pulmonar, sendo da mesma forma fundamental a busca
por novos tratamentos que previnam ou minimizem sequelas. O estudo das vias de
sinalizacdo inflamatéria, do estresse celular, dano ao DNA, trocas gasosas e
vasodilatacao pulmonar durante a evolucao da doenca, torna-se fundamental para o
melhor entendimento dos mecanismos envolvidos, buscando assim novos

tratamentos terapéuticos.

A contribuicdo cientifica a ser alcancada por este projeto de pesquisa diz
respeito ao avan¢o no conhecimento do comportamento da doenca hepatica, sua
relacdo com o sistema respiratério e a utilizacdo de um tratamento antioxidante

(Melatonina) para minimizar os feitos deletérios da mesma.

Assim, faz-se necessario elucidar o envolvimento de outros sistemas
participantes na Sindrome Hepatopulmonar (SHP), desenvolvendo novas propostas
de tratamento. Quando utilizada em diferentes modelos experimentais, a Melatonina
apresenta resultados positivos, mas ndo especificamente na SHP, portanto se
pretende -por meio deste estudo- esclarecer os possiveis marcadores e
mecanismos envolvidos no processo da doenca, além de investigar as alteracdes no
tecido pulmonar, e, posteriormente a utilizacdo da melatonina, reconhecer os
possiveis marcadores que possam prevenir e/ou retardar o desenvolvimento da

doenca.



5. OBJETIVOS

5.1 Objetivo geral

Avaliar as alteracdes existentes no tecido hepatico e pulmonar em animais
com sindrome hepatopulmonar induzida por ligadura de ducto biliar, e o efeito

antioxidante da Melatonina.

5.2 Objetivos Especificos

5.2.1 Objetivos especificos do artigo |

- Realizar reviséo da literatura sobre a Sindrome Hepatopulmonar, estresse

oxidativo e exercicio fisico.

Respondidos no artigo | intitulado, “Hepatopulmonary Syndrome: Oxidative
Stress and Physical Exercise”.
Enviado para publicagdo no periodico European Medical Journal.

Tipo de Artigo: Artigo de Reviséo.

5.2.2 Objetivos especificos do artigo Il

- Avaliar as alterac¢des do tecido pulmonar através da técnica de Hematoxilina
e Eosina e picrosirius.

- Avaliar o estresse oxidativo e o efeito antioxidante da MLT.

- Avaliar as trocas gasosas através da gasometria arterial.

- Verificar o gradiente alvéolo-arterial de oxigénio e a relagdo pesopulmonar/

peso corporal (%).

Respondidos no artigo Il intitulado, “Efeitos da melatonina sobre o tecido
pulmonar no modelo experimental de sindrome hepatopulmonar”.
Enviado para o periédico Jornal Brasileiro de Pneumologia.

Tipo de Artigo: Artigo Original.
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5.2.3 Objetivos especificos do artigo IlI

- Verificar a integridade hepatica de ratos com SHP por meio da avaliacédo das
enzimas séricas Aspartato Aminotransferase (AST), Alanina Aminotransferase (ALT)
e Fosfatase Alcalina (FA) de ratos tratados e nao tratados com Melatonina.

- Avaliar os gases sanguineos por meio da gasometria arterial de ratos
tratados e néo tratados com Melatonina.

- Avaliar a lipoperoxidagdo dos tecidos pulmonar através da determinacdo das
substancias que reagem ao 4cido tiobarbittrico (TBARS) nos animais tratados e nao
tratados com Melatonina.

- Quantificar a atividade enzimaticas antioxidante da SOD, CAT e GPX de
animais tratados e ndo tratados.

- Analisar o diametro dos capilares pulmonares pela histologia por coloragéao
com hematoxilina e eosina dos animais tratados e néo tratados.

- Avaliar o fator de transcricdo nuclear kappa B através da subunidade p65 no
tecido pulmonar dos animais com SHP e que receberam melatonina.

- Avaliar a expresséao do 6xido nitrico sintase induzivel (INOS), da p65 e da
SOD no tecido pulmonar.

- Avaliar o indice e a frequéncia de dano ao DNA pelo ensaio cometa.
Respondidos no artigo 1l intitulado, “Efeitos da melatonina sobre o tecido hepatico e
pulmonar em animais com sindrome hepatopulmonar por ligadura do ducto biliar”

Enviado para publicacdo no periédico Respiratory Physiology & Neurobiology.

Tipo de Artigo: Artigo Original.
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Abstract

Hepatopulmonary syndrome (HPS) may be defined by the following: 1- hepatic disease; 2-
gas exchange abnormalities, which may lead to hypoxemia; and 3- the presence of
pulmonary vascular dilations. The balance between the many substances involved in
vasodilation and vasoconstriction occurs in the liver; thus, liver damage may generate
systemic changes throughout the body. The pulmonary tissue may be damaged because of
Reactive Oxygen Species (ROS) and Nitric Oxide (NO). Dyspnoea is the most frequent
pulmonary symptom, which may become worse when an individual exercises. In
experimental research, the surgical model of Bile Duct Ligation (BDL) comprises the optimal
model to simulate the typical lung alterations present in Hepatopulmonary Syndrome,
which increases oxidative stress in the hepatic and pulmonary tissues. In liver injury, the
muscular system may also be damaged. Sarcopenia may seriously aggravate cirrhosis and
is associated with cirrhotic patient mortality. Muscular changes may be explained by the
actions of Myostatin and Insulin-like Growth Factor (IGF-1) and the increase in body levels
of ammonia (NHs). As a result of impaired cardiopulmonary and muscular conditions, HPS
patients may exhibit a low exercise tolerance, low muscle strength and low functionality.
Studies that have investigated physical exercise as a therapy for cirrhosis suggest that this
approach may be beneficial for cirrhotic patients primarily with regards to muscular and

cau‘diorespiratory injuries.

Key words: Hepatopulmonary syndrome; Oxidative stress; Physical Exercise; Cirrhosis;

Bile Duct Ligation; Sarcopenia
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INTRODUCTION

Hepatopulmonary Syndrome (HPS) may be defined by the following: 1- hepatic
disease; 2- gas exchange abnormalities, which may lead to hypoxemia; and 3- the presence
of pulmonary vascular dilations(ll. The physiopathology of the hypoxemia in HPS is
multifactorial and involves intrapulmonary shunting, a low ventilation-perfusion ratio
(V/Q), low diffusion and an unbalanced alveolar-arterial oxygen gradient (AaDO;). The
prevalence of HPS in cirrhotic patients is approximately 10 to 20% and contributes to an
increased morbidity and mortality of these individuals [*- 2.

Hypoxemic events are common in patients with HPS, and these alterations may be
caused by intrapulmonary vascular dilations associated with hepatic disease. Lung capillary
dilation is a typical vascular alteration of HPS; it may be localised and is less frequently
present in the pleural and arteriovenous lung communications [*l. The hypoxemia in these
situations may be explained by the unbalance of the V/Q ratio, the presence of
intrapulmonary shunts and the decrease in the diffusion caused by intrapulmonary
vasodilationl43].

Vascular disorganisation results in the appearance of new alveolar units. These units
have preserved ventilation; however, the presence of an arteriovenous shunt and
intrapulmonary vasodilation compromises the maintenance of proper levels of arterial
oxygen. The presence of biomolecular mediators produced by the liver, such as nitric oxide
(NO), which is a powerful biological vasodilator derived from the endothelium, may
comprise the main factor that causes pulmonary vasodilation. The decrease in the tlow of
oxygen to the blood capillaries does not occur because of the thickening of the alveoli-
capillary membrane; it occurs because of poor vascular dilation. which is associated with
increased cardiac output, a common alteration of cirrhotic patients with hyperdynamic

circulation(&Sl.

DIAGNOSIS, CLASSIFICATION AND SYMPTOMS

The main features present in HPS patients are dyspnoea and platypnea (increase in
dyspnoea when changing from lying to standing), which may be associated with fatigue, as
well as the clinical findings of peripheral cyanosis and digital clubbing. Dyspnoea is
considered the more frequent pulmonary symptom, which may be worse when the patient

exercises [61. The diagnosis is made when the alveolar-arterial oxygen gradient (AaDO>) is
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greater than 20 mmHg or when there is hypoxemia, which is defined by a Partial Pressure
of Oxygen (PaO;) less than 70 mmHg. Intravascular lung dilations may be present, which
facilitate confirmation of the diagnosis made by Echocardiogram 1.

According to Krowka and Cortesel’l, HPS may be classified into two subtypes based
on the PaOz and angiograph tindings. HPS type I is defined by the presence of precapillary
diffuse dilations that respond well to oxygen therapy. HPS type Il is characterised by small
vasodilatation and arteriovenous malformation. In contrast, Rodriguez-Roisin and
collaborators [ suggest a staging classification of HPS into four groups based on the gas
exchange abnormalities, which are considered mild when the PaO; is greater than 80
mmHg, moderate when the PaOs is between 60 and 80 mmHg, severe when the PaO;is

between 50 and 60 mmHg and very severe when it is less than 50 mmHg.

HEPATIC DISEASE AND OXIDATIVE STRESS

The liver is critical in regulating the balance between vasoconstrictor and vasodilator
substances, and hepatic tissue injury makes it ditficult, which leads to many abnormalities.
Liver damage makes it more ditficult for the organ to filtrate blood from the portal vein,
which leads to the appearance of portosystemic shunts and a decrease in the hepatic
phagocytic capacity. Thus, the lung filtrates systemic blood to compensate for the decrease
in hepatic phagocytosis [19], and the increase in the lung phagocytic activity results in
macrophage accumulation in the pulmonary endothelium and increases the cytokine levels
and NO in the extracellular environment. NO acts as a molecular signal that mediates the
vasodilation of pulmonary capillaries when it is produced in low concentrations by vascular
endothelial cells. NO has a toxic oxidant action when it is produced in high concentrations
by lung macrophages. Phagocytes may also produce the superoxide anion radical (O2),
which oxides the plasmatic membrane and produces a substantial amount of Reactive
Oxygen Species (ROS) 111,

ROS and Reactive Nitrogen Species (RNS) are products of physiological cellular
metabolism and have double rules, in which they are noxious or beneficial to an organism.
Many physiological functions are controlled by these molecules, including vascular tonus
regulation, the defence against invading microorganisms and harmful cells, and the

monitoring of oxygen pressure in ventilation control and molecular levels [*2l. An unbalance
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in this system may lead to tissue damage and may result in chronic-degenerative diseases
[13],

Tieppo et al.ll assessed the lipoperoxidation of pulmonary tissue following the
experimental model of Common Bile Duct Ligation (CBDL); using the techniques ot
Thiobarbituric Acid Reactive Substances (TBARS) and Chemiluminescence, the authors
identified a significant increase in the lipid peroxidation, which may be explained by the
potential action of phagocytic cells when fighting against the process of bacterial
translocation. The migration of macrophages to the lungs leads to the production of Oz and
increases the antioxidant enzyme activity. Tieppo and collaborators [l identified a
signiticant increase in the enzyme Superoxide Dismutase (SOD) in the pulmonary tissue of
the cirrhotic group, which suggests increased enzyme activity as a result of the aggression
induced by ROS. The researchers concluded that the experimental model ot CBDL simulates
the main symptoms of HPS, which suggests it is a good model to investigate oxidative stress,

hepatic changes and the respiratory system.

HPS AND EXPERIMENTAL MODELS

The experimental models more commeonly utilised to investigate the abnormalities
caused by HPS are the Bile Duct Ligation (BDL) and Partial Portal Vein Ligation (PPVL)
models in rats. In both models, ON develops an important rule regarding the pathogenesis
of the experimental HPS, which causes vascular dilation and leads to hypoxemia, similar to
the tindings of cirrhotic patients.

Experimental studies that utilised the surgical model of Bile Duct Ligation have
indicated an increased oxidative stress of hepatic and pulmonary tissues, as well as other
lung alterations typical of HPS [14]. Long-term bile duct obstruction causes secondary biliary
cirrhosis, which leads to acute inflammatory reactions that cause systemic changes [151
Chang and O"Harall®l demonstrated that animals that had undergone a LDB surgery
presented progressive worsening of the gas exchange, which is similar to the changes that
occur in humans with HPS. The researchers determined that the cirrhotic animals had an
AaDO; greater than 100 mmHg, which was associated with moderate hypoxemia (values

less than 85 mmHg). These findings may be associated with intrapulmonary vasodilation



caused by high levels of endothelial nitric oxide synthase (eNOS) present in pulmonary
tissues [171,

Tieppo and collaborators 4] identified a decrease in the PaO2 and Peripheral Oxygen
Saturation in Haemoglobin (SatO2/Hb) and a significant increase in the Partial Pressure of
Carbon Dioxide in the arterial blood (PaCO3) in cirrhotic animals compared with the control
group. The same researchers also identified a significant ditference in the AaDO; between
the BDL and sham groups, which is consistent with the findings ot Luo, Abrams and
Fallon!!®], in which animals developed a progressive hyperventilation and hypoxemia in
association with the increase in the AaDOs.

Vercelino and collaborators 191 suggest the experimental model of Bile Duct Ligation
(BDL) as the model that best simulates the alterations present in Hepatopulmonary
Syndrome. The researchers investigated the gas exchange abnormalities of different
experimental models of hepatic cirrhosis, and the BDL model exhibited more changes in the
gas exchange values. An increase in the partial pressure of carbon dioxide in the arterial
blood (PaCOz) was identified in the BDL group compared with the control group, as well
as alterations in the PaO; Sa0; and AaDO,. Table 1 was modified from the study of
Vercelino and collaborators 11 and indicates the gas exchange values trom different
experimental models of cirrhosis. In addition to the gas exchange abnormalities, the BDL
group also exhibited a larger intrapulmonary vasodilation evidenced by histological
analysis. Therefore, the BDL is a method to efficiently simulate the vascular alterations and
gas exchange abnormalities identified in HPS.

Berthelot and collaborators 2% identified an increase in the diameter of the lung
arterioles of animals that had undergone BDL surgery, in which the ratio between the
pulmonary and body weights (pulmonary weight/body weight) increased in the cirrhotic
group compared with the control group. These alterations are likely caused by pulmonary
shunts and intrapulmonary vascular dilations, as a result of intrapulmonary capillary
congestion. The intrapulmonary vasodilation in these cases may be associated with bacterial
translocation, which occurs as a result of the absence or decrease of bile in the small
intestine. This bile deficit decreases the emulsifier and anti-endotoxic effect of the bile salts,
which leads to an increase in the endotoxin levels in the large intestine, which are carried

by the portal circulation to the pulmonary system [211.
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MUSCULOSKELETAL ALTERATIONS IN HPS

The striated muscle is a complex tissue that is versatile and heterogeneous and that
is composed of specialised multinucleate cells: muscle fibres. These cells have a myonucleus
placed in the periphery of the fibre immediately below the plasmatic membrane. Contractile
units that are morphologically repeated, which are referred to as sarcomeres, comprise the
muscle fibres. Each sarcomere is composed of many proteins, including the contractile
proteins of Myosin (a thick filament formed by the polymerisation of 200 to 300 molecules
of class II Myosin) and Actin (a thin filament associated with the regulator proteins of
Troponin and Tropomyosin) [1.

Similar to other chronic diseases, the muscular system is one of the most damaged
systems in hepatic injuries and determines the patient's limitations regarding physical
exercise. Striated muscle composes 45% of the body weight, and it is critical in the
preservation of bioenergetics homeostasis once it is the main place of processing and storage
of energy, as well as the final destination of the primary support systems involved in
exercising, such as the cardiovascular and respiratory systems [ll. Sarcopenia, or muscle loss,
is the most common muscle abnormality of liver diseases, and a limited number of studies
have investigated the mechanisms involved in this process [?21. Sarcopenia in cirrhosis may
aggravate the clinical condition of patients because it decreases functionality and
contributes to a worse disease prognosis as an independent factor that increases the
mortality of the cirrhotic population [?’l. Malnutrition in cirrhotic patients is also associated
with a worse disease prognosis because when it is combined with low food intake and high
metabolic activity, it may lead to cachexia, which damages the muscular system [24],

Sarcopenia is the result of a reduction in protein synthesis and an increase in
muscular protein lysis, as well as the proliferation and uncontrolled differentiation of
satellite cells of the muscular system [2]. Muscular tissue alterations depend on molecular
tactors, such as Myostatin and Insulin-like Growth Factor (IGF-1), which are the main
regulators of the muscle skeletal growth process [26]. Myostatin and IGF-1 also participate in
protein synthesis regulation and an increase in proteolysis, with high levels of Myostatin

identified in cirrhotic patients with end stage liver disease [ 271,
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Many other molecular mediators also contribute to sarcopenia in cirrhotic patients,
with an excess of serum Ammonia levels as one of the main factors involved in this process
(%81, Once the liver is the main organ responsible for controlling ammonia levels in the body,
the presence of hepatic dysfunction results in increased serum ammonia levels P8l
Hyperammonemia results in a process referred to as nitration, which damages protein cell
tunctioning when the serum ammonia levels are increased [28]. In an attempt to degrade the
damaged proteins of the muscle-skeletal tissue, a process of cellular autophagy may be
initiated. However, the autophagy process may not work properly in specific diseases [28]
and is associated with tissue damage in hepatic cirrhosis.

In contrast to sarcopenia, cachexia is defined as a concomitant loss of muscle and fat
tissues [22. Cachexia may be associated with malnutrition, which is intensitied by the high
resting energy demand and is not supplied because of an inadequate absorption of nutrients
in cirrhotic patients 4. Furthermore, the physiological state of hypermetabolism in
association with bacterial translocation episodes activates the production of pro-
inflammatory cytokines in cirrhotic patients, which leads to protein catabolism and

decreases nutrient absorption [241.

Figure 1, modified from Darathy [22 and Cordoba and Minguez 29, shows the
increase in the serum ammeonia levels (NHs) as a result of hepatocellular damage. Ammonia
may damage astrocytes when it crosses the blood-brain barrier (BBB), thereby damaging
mitochondria and the transport and metabolism of Glutamate (GLU) and Glutamine (GLN).
The presence of ammonia in the systemic circulation may also damage the muscular tissue,
thereby interfering in protein synthesis and causing sarcopenia. Physical Exercise and the
use of Myostatin antagonists appear to be potential therapeutic approaches to revert
sarcopenia, as well as Leucine supplementation, once there is a low amount of available

amino acids in the body in patients with hepatic dysfunction.

PHYSICAL EXERCISE AND LIVER DISEASE
Gas exchange abnormalities are associated with cirrhosis and are evident in HPS
patients, which thus influence their exercise tolerance. HPS patients may exhibit a low

Maximal Oxygen Consumption (VO2max), worse results in the Six-Minute Walk Test and
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lower respiratory muscular strength compared with cirrhotic patients who do not have an
HPS diagnosis B2. Furthermore, cirrhotic patients who have an increased AaDO; have
earlier ventilatory thresholds and worse gas exchange during maximal efforts Bl

The muscular and respiratory weakness of cirrhotic patients negatively affects their
exercise tolerance and functionality. Andersen and collaborators F2Jhave stated that patients
with alcoholic cirrhosis have decreased lower and upper limb strength compared with
healthy subjects. Tarter and collaborators B3 have also demonstrated that cirrhotic patients
have lower strength capacities of the lower and upper limbs when both concentric and
eccentric contractions were assessed. Moreover, the decrease in peripheral muscle strength
may affect the respiratory muscle strength. Kaltsakas and collaborators [*] and Abdel-bary
and collaborators % identified a negative correlation between the respiratory muscle
strength and dyspnoea in cirrhotic patients. Galant and collaborators B¢l identified a
correlation between the VO2max and respiratory strength and a decrease in the quality of life,
which suggests an interaction between physiological factors and decreased functionality in
cirrhotic patients.

Different studies that investigated physical exercise as a therapeutic approach for
cirrhosis suggest that these patients may benefit from exercise 3739, Patients with Child-
Pugh A and B underwent an 8-week aerobic exercise program on a cycle ergometer, which
indicated an increase in the quadriceps mass via ultrasound analysis and VO2zmax
improvement 571, Another study, which included cirrhotic patients from a waiting list for
liver transplantation, demonstrated improvements in the VO2may, knee extensor maximal
strength and six-minute walk distance following a 12-week program of aerobic and strength
exercises [, Furthermore, cirrhotic patients with a Model For End-Stage Liver Disease
(MELD) less than 25 improved their six-minute walk distance and Step Test values, as well
as muscle mass following a 12-week moderate exercise program on a treadmill and bicycle,

which was associated with Leucine supplementation [°l.

CONCLUSION
Physiological alterations present in HPS patients are similar to the alterations present
in experimental models of BDL. The clinical features of intrapulmonary vasodilation and

gas exchange abnormalities are better understood when investigated in combination with
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the antioxidant system, inflammatory processes associated with bacterial translocation, and
the presence of portosystemic and intrapulmonary shunts. HPS and other diseases that
affect the hepatic system may contribute to the development of sarcopenia and cachexia
because of hyperammonemia, malnutrition, hypermetabolism and proteolysis. Physical
exercise is a potential therapeutic approach to revert existing impairments in the
musculoskeletal and pulmonary systems and is an option for the treatment of HPS patients

and other individuals with hepatic injury.
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Figure 1 Alterations caused by ammonia in cirrhosis and its targeted interventions.
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Table 1 Serum enzyme levels, blood gases and alveolar-arterial oxygen gradient in the
control and experimental groups of the four experimental models of cirrhosis.

Variable IN CCl4 IP CCl4 PPVL BDL

Co Ex Co Ex Co Ex Co Ex
AST 1913 7170+ 1325+ 17150+ 1337+ 1085+ 1052+ 5005+
(IU/L) +456 2076 196 689.2* 223 194 215 451+
ALT 1248 7596+ 867+ 13995+ 797+ 845+ 787 162.7 +
(IU/L) +464 2322 73 459 5* 91 169 18.8 17.7%
ALP 868+ 1964+ 882+ 2207+ 1160+ 1278+ 1600+ 3732+
(IU/L) 8.7 2527 117 60.9 205 297 204 45 4+
PaO2 853+ 638+ 1070+ 978=%+ 69.7 + 64.3 + 852+ 499 +
(mmHg) 038 3.8+ 40 74 09 52 4.0 11.3*
PaCO2 487+ 547+ 490+ 465+ 543+ 56.3 + 98+ 64.0 +
(mmHg) 29 2.9 50 40 1.7 50 33 5.1*
Sa02 (%) 953+ 788+ 960+ 96.2 + 920+ 86.0 + 95.0+ 733+

0.3 9.3* 13 0.7 0.0 29 0.7 12.1*
AaDO2 231+ 563+ 129% 27+ 121+ 150+ 304+ 62.6 £
(mmHg) 128 28 43 58 29 3.9 35 10.5*

aThe results expressed as the means * standard errors of the means. IN CCl4: inhaled
carbon tetrachloride; IP CCl4: intraperitoneal carbon tetrachloride; PPVL: partial portal
vein ligation; BDL: bile duct ligation; Co: control; Ex: experimental; AST: aspartate
aminotransterase; ALT: alanine aminotransterase; ALP: alkaline phosphatase; PaOa:
arterial oxygen tension; PaCOo: arterial carbon dioxide tension; SaO2: arterial oxygen
saturation; and AaDO;: alveolar-arterial oxygen gradient. *p < 0.05 vs. the corresponding

control group. **p < 0.001 vs. the corresponding control group.



7.2 Artigo 1l

ARTIGO Il

Artigo que compde a tese intitulado "EFEITOS DA MELATONINA SOBRE O TECIDO

PULMONAR NO MODELO EXPERIMENTAL DE SINDROME HEPATOPULMONAR”,

enviado para publicacdo no Jornal Pneumologia, onde serei a primeira autora.
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Eesumo

Objetivos: avaliar as alteraghes pulmonares de animais com Smdrome Hepatopulmonar
{SHP), submetidos 3 ligadmz de ducto biliar (LDE), bem como o eferto anticxidante da
Melatonma (MEL). Metodos: Chunze ratos machos da especie Wistar, dadidos em
gquatro grupos Sham, Grupe LDEB, Gripo Sham + MEL & LDE + MEL. Foram avahadas
a lnstologa pulmonar & hepatica, a bpoperoxdagio e atvidade antoxadante do tecido
pulmonar, diferenca alveslo-artenzl de O, e relagdo peso pulmenar'peso corporal (%),
Resultades: Cuando comparados os grapos observamos wm awmento da vasodilatagio e
fibrose pulmonar no grupe LDB e a redugdo deste em relagio ao grupe LDB+MEL.
Observames ainda alteragbes sigmficativas na atmidade da catalase, PaC0; Pa0; no
zupo LBD quando comparado acs demals mupes. Conclusio: A unlizacdo da MEL
demonstrou-se eficaz na reducdo da vasodilatagdo, nivers de fibrose e estresse oxndativo

assim como 03 troca gasesa em modelo expenmental de SHP.

Palavras-chave: Ducto Biliar, Simdrome Hepatopulmonar; Melatoninz; PualmSs.
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Abztract

Ohbjectives: To evaluate the pulmonary alterations of animals with Hepatopulmonary
Syndrome (SHF) submitted to bibiary duct higation (LDEB), as well a5 the anticxidant
affect of Melatonin (MEL). Metheds: Fifteen male Wistar rats, divided info four Sham
groups, LDB Group, Sham + MEL group and LDB + MEL Pulmonary and hepatic
histology, hipoperoaadation and antioxadant actmaty of hng tissue, alveolar-arterial O 2
difference and lung / body weight ratio (%) were evaluated Results: When comparmg
the groups, we observed an increase of vasodilation and pulmonary fibrosis m the LB
group and the reduction of this in relation to the IDB + MEL group. We alse observed
sigmficant changes in the actmaty of catalase, PaCO2, PaO2 1 the LBD group when
compared to the other groups. Concluzion: The use of MEL has been shown to be
effective i reducing vasodilation, fibrosis levels and coodative stress as well as gas

exchange in an experimental SHP model.

Eevwords: Bile Duct; Hepatopulmenary Svedrome; Melatomm: Lung.

hitps:fimc04 manuscriptcentral.comljbpneu-scielo
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Introducio

A cimrose se caracteriza pela presencga de nodulos fibrdticos no fizade que
surgem como resultade da les3o hepdtica crémica’. Tais alteragdes podem levar a
lipertens3io portal e 3 doenga hepatica terminal, gerande alteragies no sistema vascular
e afetando diferentes drslos’. Mo sistema respiratéric a Sindrome Hepatopulmeonar
(SHP) e a Hipertensio Portopulomonar sdo as duas principans condigdes climeas que
afetam os pulmées". A4 Sindrome Hepatopulmonar & a disordem vascular mais commm
encontada em pacientes com corose, que & mesponsavel pela vasedilatacdo pulmonar,
circulago hiperdinimica e alterap®es nas trocas gasosas ™.

Anomahdades nas trocas gasosas apresentadas por pacientes com SHP estio
assoctadas com a presenga de shumiz arerio-venosos, discrepincias na wvenhlagdo-
perfusio e na difosio-perfusdo’. Tais alteracdes presentes na SHP 530 em suz maiona
explicadas pelos processos de ansiogénese & vasodilatacio intrapulmonar’, e diferentes
modelos ammais sio whbizados para simular a3 corese hepatea, sendo o models de
Ligadura de Ducto Bilar (LDB) o gue melhor simmla as alteragbes presentes na
sindrome*.

O meodelo de IDB & capaz de causar alteragfes gasomémicas similares as
encontredas em pacientes com SHP”. O processo de angiosénese também estd presente
no modelo de LDEB, sendo tal alteragio presente devido 3 agdo do Fator de Crescimento
Vascular Endotelial-A4 (VEGF-A), o qual & produzmdo por monccitos pulmonares
infravasculares™. A vasodilatagio pulmonar no modelo expenmental de LDB esta
assoctada ao awmento na produgic de Endotelina-1 (ET-1) e Chado Mitrico Sintetase
Endotelial (eHOS)".

Eztudos recentes investizande o potencial terapeutice da Melatomma (MEL)

sugerem que seu poder anficodante pode ser utlizado no tratamento da SHP, pos
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apresenta efeito ant-inflamatérie’. e reduz niveis de VEGF em céhulas de carcinoms
bepatico, contmbuindo na redugio da angiogﬂulﬁel. A Melatomna tambem apresenta
efeitos terapéuticos em modelos ammans de hepatite fulrinante & hipertens3o pulmonar,
onde reduz o estresse omidattvo e previne a reducdo da atmvidade de enzimas
antioxidantes™"™!. Wo tecido pulmonar, a Melstonina exerce efeifo profetor em
modelos animais de cirrose induzida por tetracloreto de carbone'.

Devide 3 existénciz de um modelo expenmentzl que smmle 3 SHP & ao
potencial eferto terapeubico da Melatonna nessa sindrome, este estudo tem como
objetivo avaliar as alteragdes pulmonares de ammais submendos 3 Lizadura de Dueto

Bihar, bem como o eferto antoxidante da Melatomina,

Mletodos

Neszte estudo foram wnlizados 15 rates Wistar maches, pesande 250z em média.
0= ammais foram obtides pelo Bioténo da Umversidade Luterana do Brasil (ULBEA) e
foram alojades carxas plasticas (47 x 34 x 18em) cobertas por maravalha, as quais
eram ammazenzdas em ambiente confrolade com temperatwa entre 20 e 253°C. Os
animals foram mantdos em um cclo de clarfescuro de 12712k com e
disponibilidade para agua e conuda. (F projeto de pesquisa recebeu aprovacio prévia da
Comiss3o de Etica de Uso de Animais da ULBRA (CEUA-ULBRA), estando todos os
procedimentos de pesquiza de acordo com as regas estabelecidas pela Led N7 11,794,
de 1l de outubro de 2008, e pela Diwetnniz Brazilewa de Pratica para o Cwmdade e
Utilizagdo de Animans para fins Cientificos e Didaticos (DBCA).

O procedimento de Ligadura de Ducte Biliar Comum (LDEBC) fo1 uhlizade para
o deservolvimento da SHP, de acordo com o preconizado por Eontourzs" . Previamente

a todos os procedimentos cinmgicos, o ammals receberam uma dose anestésica de
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Milammna 2% (30mgkg de peso corporal) e Ketammna (1Mmpgks de peso corporal),
ambos mjetados na remio infraperitoneal O periede para o desenvolimento do
modelo foi de 14 dias, sepmides de outros 14 dias parz o hatamento com melatonma. O
penode total de expenimento fou de 28 dias, sende que no momento da realizagdo da
eutanasia, o5 ammals receberam uma dose wes vezes malor aquela usada para o
procedimento cinrgico.

Utihzou-ze no estudo quatre grupos: Grupo Sham: Realizado procedimento
cinpgico de LDBC sivmlado, ccomendo a mampulacdo do ducto biliar o o animal
anestesiade e os ammals tambem receberam injecio mirapentoneal de MaCl (0,9%) a
partir do 15° dia apos cinurma, dwrante 14 dias. Grupo Sham-+-Melatonma (Sham-+3EL):
o procedimento cinwgico de LDBC four simulado, e a admmistragic de Melatomma
{20m='ks) ccomeu via injecio mirapentoneal duwante 14 dias, moando po 157 dia apos
a cowgma. Grupe Ligadwa de Ducto Biliar (LDEB): Os animars foram submetidos &
LDBC e a aphcacio de Nall (0,9%) via mfraperitoneal por 14 dias, mciando ne 157 dia
apos a cinurgia. Grupo Ligaduwra de Duecto Bihar + Melatomna (IDB+MELY: o5 animars
foram submebdes 3 LDBC e meeberam Melstomna (20mgkgl via imjecio
wirapenitoneal por 14 dias, imetando no 15° dia apos a cowrza.

0= exames laboratonais foram reahizados no Laboratanio de Analises Climieas do
Hespital de Climeas de Porto Alegre (HCPA), onde as demais analises & procedimentos
foram realizadas no Laboratonie de Hepatoloma Expenmental do Heospital de Climocas
de Porto Alegre (HCFA)

Depois de 28 dias apos a conugia os ammals foram pesados e anestesiadas e o
sangue foi coletado através da Téemica de Coleta Sanguinea Fetro-orbital”, com o
objetive de analizar o= nivels das enmmas hepaticas. Postenormente, wma laparotomz
anterc-medial for reahizada para a coleta de sangue da acrta abdominal para a anahse

gasométnea, sendo ubhirade wn Raditmetro ABL T00 (Copenhager, Denmark) para a
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menswagac dos gases sanguinecs. O metode da romtoforese fou uhlizade para a
mensuragio da Pressio Parmal de Omugémo Artenal (PaCy), Pressio Parcial de Gas
Carbomico Arterial (FaCOk) e Satwagdo Artenal de Chagémio (520:). A Pressio
Alveplar de Oncigémo (PAO:) fol caleulada pela sepuinte formmla: PAO-=Fragio
Incpirada de O:(Fi0:)-PaC(:/0.8". A Difevenca Alvéclo-Arterial de Chogénio (D{A-
a)0y) for calenlada pela formmla: D{A-a)0, = PAO,- Pal, (15

Apos a eutznazia o pulmdo foi pesade para posterior amalize da melagio Peso
Pulmonar’ Peso Corporal. Uma porgdo do figado e do lobo pulmonar infenor diveito fo
removida para a realizagdco da anahse histologica, sendo o restante do tecido pulmonar
nfroduride em MNiropénio ligwds e armazenzds a2 umz temperatwa de -B0°C parz
postenior anahises. Amostras pulmonares e hepaticas coletadas parz a analise histologica
foram insendas em solugio de Formaldeido 10% por 12 horas, sendo postencimente
insenidas em reciplentes de Alcool T0% e coloridas com a celoragio de Hematoxiling e
Eosina (HE), amostras pulmonares também receberam a coloragio de picrosirms. As
anihzes histologicas foram meabzadas de poanewa duplo-cega por patologistas
especificos do Lzboratério de Patologia do HCPA.

O tecado pulmonar congelade for homogeneizado por um homogeneizador Ultra-
Twraz (IE4 Labortechnik, Staxfen, Germary) em tampdo fosfate (BC] 140, Fosfato
20 o, pH 7.4). A lipoperomadagio for menswada pela técnica das substincias que
TEAZED A0 Acido Ticharbinirico (TBARS)". As atividades das enzimas Catalase (CAT)
e Glutationa-s-tranferzse (GST) foram medidas através do Espectrofotémetra’ ™'

Meadias e Desvios Padrdes (DF) foram caleulades. (s dades foram analisades
por Analise de Vananeia (ANOWVA) sepmdo pelo teste de post hec de Tukey. Os
valores foram considerados sigmficativamente diferentes quando p=0.05. Foi usado o
software Statistical Package for Secial Sciences (SPSS Inc, Chicago, IL, ETTA) versio

1.0
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Reszultados

A analize da atividade das enzimas hepaticas sanguineas e da lustolozia hepatica
confirmaram o dlagnostice de Cimrose. Na Fizura 1 pode ser observado pela 2 analise
histologica pulmonar que os ammais do grupo LDB apresentaram vasos de didmetros
aumentados em relagio acs demars grupos. Uma ver que os achados em cada grupo =3o
mnto simulaves, serd apresentado apenas um exemplo histolomeo de cada pupo
expenmental

Ma Tabela I podem ser chservados o resultades referentes as alterapbes nas
frocas gasosas attaves da Gesometnia Arterial com valores referentes a FaQy, PaCOk,
S5a0:, PAQ:; e DiA-a¥); sendo comparzdos enfre of quabto grupos experimentals.
Diferencas sigmificativas foram encontradas para a Pal(, & PAQ., sendo os valores
referentes ao grupo LDB sigmficativamente aumentados e dimimnides, respectivaments,
em relapio ass demaiz gupos (pe0.05) A Tabela 2 tambem mosts um awments
sigmificative (p=0,01} da Relagic peso pulmonar'peso corporal no gupo LDB em
relagio aos cutros @upes experimentals.

A vasodilatagio mirapulmenar associada as alteragdes gasometricas confumam
o medelo experimental de SHP. A dionnmgdo da vasodilatagio intrapulmonar, da
PalC(k & da Belacio peso pulmonar/peso corporal no grupo LDBE+MEL, bem como o
aumento da PAQ, em relacio ac LDB, sugerem um eferto protetor da MEL po tecido
pulmeonar frante 3 SHEP.

A Tabelz I demonstra msultados referentes ao processo de hipopercmdagde e
atividade das enzimas anficccidantes, caractenzados pelos valores do TBARS, CAT e
GST. Os valores aumentados do TBARS no grupe LDB em relagdo aos outros grapos
(p=0.01) mdicam um aumente da hpoperowidacio meste gFmipo experimental. A

atividade da CAT fou sigmficatrvamente menor no grupo LDB (p=0.01), enquanto a
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atividade da G5T o gupo LDB esteve sigmficativamente ammentada em relagio aes
outros grupos. O gupe LDB+MEL apresenton resultados menores para os valores de
TBARS em relacio a0 grupe LDB, mdicando um efeito anfioeodante da MEL.

Na Fizura 2 um auwmento da fibrose pulmonar, marcada pela coloragio vermelha,
foi encontrado no mrupo LDB em relacio aos outros zrupos. Tal processo fou reverndo
com o uso da Melstonma com a fibrose pulmenar se meostrando dimunuida do grupe

LDB+MFEL em relagio ao grupo LDB.

Dhiscussio

O aumento no didmetro dos vases pulmonares, evidenciada pela analise
histologica por HE, em assomacio com as alterapdes pasometrnicas, confirma mo
presente estudo a ndugio da SHP atraves da coorma de IDB. A duminmgie do
dizmetro dos vasos pulmenares no gmpo LDB+MEL em relagio ao gmape LDB, sugere
efeitos terapéuticos da Melatoning no processo de adaptagio vascular.

De acorde com nossos resultades a PaCOp aumentou no grupo LDEB em relagio
aos demas grupos, enquanto a PAO: dommuim ne mesmo grupe. Vercelmo e
colaboradores’ também enconfraram um aumento dz PCO» ne grupe LDB quando
comparade ao grupo confrols, bem como alteragde: adicionas ne grupe LDE, com
alteragtes nos valores de Pals, 520, e DMA-3)0;, Drversos estudes associam as
alteragies gasomemmeas presentes na SHF com a agio de Cheido Mitrico (O} no tecido
pulmonar' ™", Tieppe e colaboradores™ constataram que a agdo antioxdant= da
Cruercetina é capaz de reverter as alteragdes gasomeéticas no modelo expernmental de
SHF, sugermdo que o anficxidante & capaz de regular oz nivers de ON na sindromse.
MNossos resultados demonstram que a Melatonma melhorz as alteragtes gasométnicas no

models de LDB, bem como reverte a vasodilatacio mbzpubmonar, sugernndo que 2
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Melatonma desempenha wm papel semelhante ac da Cuercetinz na regulagic des
niversde O na SHP.

Verceline e colaboradores® também  encontraram um  aumento  da
lipoperomdacio e atividade anhioxadante da enmima SO0 no tecide pulmenar no grupo
LDE, bem como um auments da relagio peso pulmonar’peso corporzl em amimaars
submetidos a cinwrzia de IDB, estando de acordo com nesses resultados. Maarman e
colaboradores'! encontraram um aumento do peso pulmonar & uma dimimug3e do peso
corpores no modelo expenmental de Hipertensio Pulmonar, o qual foi revertido pelo
wso da Melatomna. De meneira similar, em nosso estudo a Melatomna fou capaz de
diminir a relagdo peso pulmonar/peso corporal.

Encontramos um aumenfo da hpoperoxidacio mo grupo LDE e consequente
reversio apos admimstrar Melatorina Uma dwwmmigde na atividade da CAT & um
aumento na atvadade da GS5T foram encontrados no gmpe LDB, as quais foram
reverhdas pelo use da Melatonina. (¥ aumento do estresse omdatve no orgamismo e
conseqients lipoperoxidagio, e deve ao desbalanco enfre a presenca de radicals Intes
agentes anticxidantes”. Embora seja encontrado na literatura resultados diversos sobre
a stidade das enmmas antioxdantes CAT e GST. nossos resultados demonstram
dimimicio na Lpoperocidacio e melhora no sistema anbexidsmte apos o use da
Melatonms.

Diversos estudos assoctam o uso da Melatonma com a dmmmncio da
lipopercondacdo, no entante, 2 atvidade das enmimas anfioadantes frente ao uso da
Melatonina apresentam resultades diversos'"™ " Maamman e colaboradores'
encontraram wma dimimugdo na amidade das enmmaz S0D e CAT e da
lipoperomdaciono plasma de anmars com Hiperfensio Pulmonar tatados com
Melztonina. Tashdere & colaboradores'? zssociam o uso da Melatonina 3 diminnigdo da

lLipoperomdacio e ao aumento da atmadade das enzmas CAT e Glutahona (GSH) no
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tecido pulmonar de ratos apos curose indumda por Tetracloreto de Carbono (CCL).
Borges & colsboradores™ demonstram que o uso da Melstomina dimimb 2
lipoperomdacio muscular gerada pelo exerciclo vigoroso, bem como aumenta a
atividade da SO0, mas ndo existern alteragdes sigmficativas na atividade da CAT e da
Glutationa Peromidase (GPx). De maneira similar, Da Rosa e colsboradores™
demonstharam gue a Melatorina dimwmm a hpoperomidacio e aumenta 2 atiidade da
50D no fizado de ammais submetdos a0 modelo experimental de Apneta do Sone.

MNossos resultados obtidos atrawves da analise lustologica por plorossinus sugerem
que a Melatomna fou capaz de reduzir o acimulo de colageno pulmonar (Figuwra 2).
Maarman e colzboradores’’ encontram uma diminuigde do coligeno no tecido cardiaco
apoz o uso da Melatonina no models de Hmpertensio Pulmonar, & Da Rosa e
colaboraderes”™ constataram uma redugic do colipeno bepatico apds o use da
Melatonma no modelo expenmental de corese por CCL,

A agio antioxndante da Melatoning no tecido hepanice e pulmonar esta associada
COMm A reversdo das prncipas alteragdes na SHP. Este eferto terapéutico da Melatommna
pode ocomrer por uwma melhora diveta da atividade antiomdante po pulmdo, ou
simplesmente pela melhora da condigdio hepatica, revertendo as alteragdes sisténmeas na
doenca. O exercicio fisico tambem exerce dimummedo do estresse oxidafive & auments
da atmadade anbicodante de manenra sistemmea Visto que a cimose e SHP afetam
diferentes orgios, intervencdes ferapeuficas que atnem sobre os diferentes sistemas
corporals sio potencialmente mais indicadas para o manejo da patologia. Partanto, o
uso da Melatonma e a prafica do exercicio fisico, associadas as mitervengdes tradicionals
e medicamentosas ja bem estabelecidas, podem fuhwamente awnliar os pacientes
acometidos pela doenca.

A acio apnomdante da MEL no tecide pulmonar ss mostrou eficaz na redugio

da vasodilatagdo, fibrose, estresse owmdative, assmn como na melhora da mlagio peso
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pulmenar/peso corparal, PCO, e PAQ, no medelo expenmental de SHP. Tais achades
sugerem um eferto anfioxidante da MEL frente aos danos pulmonares da SHP, sendo

eficaz na redugdo das alteragdes gasométricas e estrufurals ocasionadas pela smdrome.
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Tabela 1- Gase: sanguineo:. gadients alveolo-artenal de omgemio e a relagdo peso

pulmonarpeso corporal nos quatro grupos expenmentais.”

Vanavel Sham Sham+MEL LDB LDB-+MEL
Faly 67=11.3 66.3x12.4 572462 QESE
PaCly 4514 45£5.2 J6.6£1.5% 452245
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aumento de 100x.
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ABSTRACT

Introduction: Hepatopulmonary syndrome (HPS) is characterized by a
combination of liver disease, gas exchange abnormalities, and pulmonary vascular
dilation. The effect of melatonin on oxidative and nitrosative stress compared with
other antioxidants has not been completely elucidated yet. Objective: To assess the
antioxidant effect of melatonin (MLT) on liver and lung tissues of animals with bile
duct ligation (BDL)-induced HPS.

Methods: A model of BDL-induced biliary cirrhosis was used in 24 male
Wistar rats divided into four groups: control group (CG). control group receiving
melatonin (CG+MLT), hepatopulmonary syndrome (HPS), and hepatopulmonary
syndrome with melatonin (HPS+MLT). Animals were treated with MLT or vehicle
solution administered intraperitoneally from day 15 to day 28 days after BDL. On day
29, animals were killed by exsanguination and blood, liver, lung, and femur were
collected for analysis.

Results: There was a significant increase in liver transaminases in the HPS
compared with the CG and CG+MLT groups and a decrease in the HPS+MLT group
compared with the HPS group (p<0.001). Lipoperoxidation (LPO) was increased in
the HPS group compared with the CG and CG+MLT groups but was reduced in the
HPS+MLT group compared with the HPS group (p<0.05). The activity of the
antioxidant enzymes catalase, superoxide dismutase (SOD), and glutathione
peroxidase was reduced in the HPS group compared with the CG and CG+MLT
groups and increased in the HPS+MLT group compared with the HPS group
(p<0.05). Glutathione-S-transferase activity was increased in the HPS group
compared with the CG and CG+MLT groups, and was decreased in the HPS+MLT
group compared with the HPS group. The nitrite/nitrate ratio increased in the HPS
group and decreased in the HPS+MEL group (p<0.05). SOD expression was
decreased decreased in the HPS group compared with the CG and CG+MLT groups
and increased in the HPS+MLT group compared with the HPS group (p<0.05). The
same was observed for inducible nitric oxide synthase, interleukin 1Jand with the
p65 subunit of nuclear factor kappa B in the HPS group, with decrease in the
HPS+MLT group (p<0.05). Histological analysis of the lung tissue revealed normal
lung parenchyma in the CG and CG+MLT groups and increased diameter of

pulmonary vessels, and inflammatory infiltrate in the HPS group, which was not
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observed in the HPS+MLT group. Blood gas analysis showed hypoxemia in the HPS
group, with the HPS+MLT exhibiting better results. There was also an increase in
damage and frequency damage in the HPS group compared with the control groups,
whereas there was a decrease in the HPS+MLT group compared with the HPS group
(p<0.05).

Conclusions: Results suggest that MLT has an antioxidant effect on liver and
lung tissues in animals with BDL-induced HPS.

Keywords: Hepatopulmonary Syndrome; Blood Gas Analysis; Melatonin.

Experimental Model
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INTRODUCTION

Hepatopulmonary syndrome (HPS) is characterized by a combination of liver
disease, gas exchange abnormalities, and pulmonary vascular dilation [1].
Intrapulmonary vascular dilation causes arteriovenous pulmonary changes leading to
reduced arterial oxygenation [2]. Experimental models of secondary biliary cirrhosis
induced by prolonged bile duct obstruction showed that this condition leads to acute
inflammatory reactions and subsequently to systemic changes [3].

HPS interferes with the physiological functioning of hepatic and pulmonary
systems and thus contributes to the worsening of patient’s clinical status. This
finding has already been reported by Oded et al (2016), who investigated the clinical
status of patients with cystic fibrosis and portal hypertension [4].

Studies using experimental models of bile duct ligation (BDL) found that
pulmonary vascular dilatation that characterizes HPS may result from autophagy
promoted by pulmonary tissue cells responsible for accelerating the formation and
proliferation of pulmonary macrovascular endothelial cells. This mechanism aims to
remove organelles that were damaged in the pathophysiological process caused by
liver disease [5,6].

Oxidative stress has a key role in the progression and maintenance of several
diseases, meaning that the administration of antioxidants may contribute to reduce
hepatic and pulmonary changes. This was observed in experimental studies using a
BDL model of HPS and antioxidant therapy [7,8]. Although melatonin (MLT) is usually
associated with control and treatment of circadian rhythm changes, in recent years it
has been much investigated for its antioxidant capacity in several tissues [9].

Liver tissue changes resulting from BDL-induced cirrhosis and the effect of
melatonin were analyzed in the study by Colares et al (2016), which observed
improvements in parenchymal structure and in liver function after the use of
melatonin [10]. The effect of antioxidants such as quercetin and S-nitroso-N-
acetylcysteine (SNAC) on HPS has been studied elsewhere [11,12,13], but the effect
of melatonin on lung tissue has not been described in the literature yet.

In a review by Tan et al (2009), MEL was found to be more efficient in
reducing oxidative/nitrosative stress compared with other antioxidants like vitamins C
and E [9]. In cells, MLT is for gene regulation of genes and nuclear factors
contributing to the formation and regulation of antioxidant enzymes [14]. It also

contributes to the clinical treatment of several diseases [15], however, the results and
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mechanisms of this treatment are still controversial in the literature, depending on the
tissue being evaluated. Thus, the action of MLT on liver and lung diseases such as
HPS, especially its antioxidant effect, requires further study.

The aim of this study was to evaluate the antioxidant effect of MLT on liver and

lung tissues in animals with BDL-induced HPS.

MATERIAL AND METHODS

An experimental study was conducted with 24 male Wistar rats with a mean
weight of 250 g and from the Animal Experimentation Unit at Hospital de Clinicas de
Porto Alegre. They were maintained on a 12:12 h light/dark cycle, at a temperature of
22+2°C, at a relative air humidity between 40-60%, and were given water and
standard rat feed ad libitum.

A model of secondary biliary cirrhosis was used according to that established
by Kountouras [16], based on bile duct ligation (BDL). The sample was divided into
four groups of six animals each. Group 1: Control group (CG) - a simulation of BDL
was performed and vehicle solution — sodium chloride (NaCl 0.9%) — was
administered intraperitoneally (i.p.). Group 2: Control group + melatonin (CG+MLT) -
a simulation of BDL was performed and MLT was administered i.p. (20 mg/kg of body
weight). Group 3: Hepatopulmonary syndrome (HPS) was performed and vehicle
solution — sodium chloride (NaCl 0.9%) was administered i.p. Group 4:
Hepatopulmonary syndrome + melatonin (HPS+MLT) — BDL was performed and MLT
was administered i.p. (20 mg/kg of body weight).

After fourteen (14) days of BDL the animals received the vehicle or MLT
according to the group and after fourteen (14) days of treatment were anesthetized to
collection of blood and lung, liver, and femur tissues, totaling twenty-eight (28) days
of experiment. Blood samples collected by retro-orbital venous plexus puncture were
used to assess liver function by measuring the levels of the following enzymes:
aspartate aminotransferase (AST), alanine aminotransferase (ALT), and alkaline
phosphatase (AP). Analyses were performed using an automated enzymatic method
(Siemens Advia 1800 Chemistry System). AST and ALT levels were determined by
the Kinetic UV test, and AP levels were determined by a colorimetric kinetic enzyme

assay.
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The vehicle solution or MLT started to be administered 14 days after the
surgical procedure, with MLT (SIGMA® Chemical Co St Louis, Mo) being
administered i.p. (20 mg/kg) at a volume proportion of 0.6 mL daily for 14 days.

After being collected, tissues were weighed and placed in a 9 mL
phosphate buffer per gram of tissue, then homogenized with Ultra-Turrax (IKA-
WERK) for 2 minutes at a temperature of 0-2 °C, and finally homogenized and
centrifuged in a refrigerated centrifuge (SORVALL RC-5B Refrigerated Superseed
Centrifuge) for 10 minutes at 4,000 revolutions per minute (rpm) [17].

Lipoperoxidation (LPO) was measured through the quantitative
thiobarbituric acid-reactive substances (TBARS) method, in which the colored
product obtained was collected and read in a spectrophotometer (CARY 3E — UV —
Visible Spectrophotometer Varian) at 535 nm. TBARS levels were expressed in
nmol/mg of protein [18].

Catalase (CAT) enzyme activity was determined using the method
proposed by Boveris and Chance [19], and superoxide dismutase (SOD) activity was
determined using an assay based on the ability of SOD to inhibit the formation of
adrenochrome, a product resulting from the oxidation of adrenaline [20].

Glutathione peroxidase (GPx) is an enzyme that catalyzes the reaction
of hydroperoxide with reduced glutathione (GSH), yielding oxidized GSH (GSSG)
and the product of hydroperoxide reduction. Its activity may be determined by
measuring the consumption of nicotinamide adenine dinucleotide phosphate
(NADPH) when reducing GSSG to GSH [21].

The glutathione S-transferase (GST) activity assay is based on an
enzyme reaction which at 30 °C catalyzes the formation of 1 umol DNP-SG using a
GSH concentration of 1 mmol/L and chloro dinitrobenzene (CDNB). The enzyme
activity was measured spectrophotometrically at 340 nm and expressed as
pgmol/min/mg protein [22].

Nitric oxide production was indirectly measured with a quantitative Griess
colorimetric assay, which is based on enzymatic reduction of nitrates (NO3) to nitrites
(NO2) in the presence of nitrate reductase and NADPH, with subsequent colorimetric
determination of NO:2 by the Griess reagent (a mixture of sulphanilamide and
naphthylethylenediamine specific for NO2). Because excess NADPH inhibits the
Griess reaction, it is necessary to oxidize all NADPH that was not used in the

reduction of NOs. This was achieved by adding nitrate reductase. The reading was
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performed in a microplate reader at 540 nm and results were expressed in mmol of
NO2/NO3 [23].

Cytokine levels were determined with the enzyme-linked immunosorbent
assay (ELISA) method (Read-SET-Go, eBioscience, San Diego, USA). Interleukin-13
(IL-1B) was expressed in pg/mL, as described previously [24].

SOD, inducible nitric oxide synthase (INOS), and activation of nuclear factor
kappa B (NF-kB) were assessed using Western blot analysis, as described by
Laemmli et al [25] and Towbin et al [26]. Nuclear extracts were prepared from lung
homogenates and the supernatant was collected and stored at -80°C. Lysate
proteins were fractioned by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) and transferred to polyvinylidene fluoride (PVDF)
membranes. The membranes were then blocked with 5% nonfat dry milk in Tris-
buffered saline containing 0.05% Tween 20 (TTBS) for 1 h at room temperature and
probed overnight at 4 °C with anti-NF-kB/p65 (SC8008/65kDa) antibodies (Santa
Cruz Biotechnology, Santa Cruz, CA, USA) at 1:200-1,000 dilution with TTBS in 5%
nonfat dry milk and with anti-B-actin (A5060/42kDa) antibodies (Sigma Aldrich, St
Louis, MO, USA) at 1:2,000 dilution with TTBS in 5% nonfat dry milk. After washing
with TTBS, the membranes were incubated for 1 h at room temperature with anti-
IgG-horseradish peroxidase (HRP) antibodies (Santa Cruz Biotechnology, Santa
Cruz, CA, USA) at 1:4,000 dilution.

Proteins were detected using an enhanced chemiluminescence (ECL)
commercial kit (Amersham Pharmacia Biotech, Little Chalfont, UK), membranes were
exposed for 2 min, bands were quantified by densitometry using the Scion Image
4.02 for Windows (Scion Corporation, Frederick, USA), and results were expressed
in arbitrary units (a.u.).

Hematoxylin and eosin (HE) and picrosirius red staining were used for
histological examination of the lung. The diameter of blood vessels and the degree
of fibrosis in lung tissues were assessed.

Samples for arterial blood gas analysis were collected from
abdominal aorta to evaluate the following variables: potential of hydrogen (pH),
partial pressure of carbon dioxide (PCO2), partial pressure of oxygen (PaO2),
carbonic acid (HCO3), and oxygen saturation (SpO2). Gas analysis was performed

by iontophoresis using an ABL 700 analyzer (Radiometer, Copenhagen).
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All animals were killed by exsanguination under deep anesthesia and
then lung tissue was taken for analysis.

The comet assay was used to analyze the index and
frequency of DNA damage as described by Speit and Hartmann [27], including
changes suggested by Picada et al [28]. Damage index (DI) may range from O
(completely undamaged, 100 cells x 0) to 400 (maximum damage), and the damage
frequency (%) was calculated based on the number of cells with tail versus those
with no tails [28].

Repeated-measures one-way analysis of variance (ANOVA) was used
for intergroup comparison. Differences were assessed by the Student—Newman-—
Keuls procedure and data were analyzed using the Statistical Package for the Social

Sciences (SPPS) version 17.0 or higher. The level of significance was set at p<0.05.

RESULTS

Table 1 shows the results for hepatic enzymes (transaminase activity), lung
tissue LPO, and activity of antioxidant enzymes and reveals the effects of MLT on the
treated groups.

Figure 1 presents the results for NO2/NOs ratio in lung tissue. The NO2/NO3
ratio and interleukin-1 OO levels were significantly increased in the HPS group
compared with the CG and CG+MLT groups (p<0.05) but decreased in the
HPS+MLT group compared with the HPS group (p<0.05).

The HPS group also showed a decrease in SOD and an increase in iINOS and
p65 compared with the CG and CG+MLT groups (p<0.05), whereas the HPS+MLT
group exhibited an increase in SOD and a decrease in INOS and p65 compared with
the HPS group (p<0.05) (Figure 2).

Figure 3 shows that the diameter of pulmonary vessels was significantly
increased in the HPS group compared with the CG and CG+MLT groups but
significantly decreased in the HPS+MLT group compared with the HPS group
(p<0.05).

Histological analysis of lung tissue (Figure 4A) revealed preserved lung
parenchyma with ventilated alveoli and alveolar septa. The HPS group exhibited
tissue disorganization associated with increased vascular diameter and inflammatory

infiltrate in lung parenchyma. Conversely, the HPS+MLT group showed tissue
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restructuring, similar to that of the CG and CG+MLT groups, but also presented with
inflammatory infiltrates. Figure 4B shows a photomicrograph of lung tissue sections
evidencing increased pulmonary fibrosis in the HPS group compared with the CG
and CG+MLT groups. This change was attenuated by treatment with MEL, since
there was a decrease in pulmonary fibrosis in the HPS+MLT group compared with
the HPS group.

Arterial blood gas analysis (Table 2) revealed a significant decrease in pH
(p<0.05) and an increase in PCO2 (p<0.001) in the HPS group compared with the CG
and CG+MLT groups, as well as a decrease in POz and SpO2 in the HPS group
compared with the CG (p<0.01) and the CG+MLT groups (p<0.05). All these
variables were improved in the HPS+MLT group (p<0.05) compared with the HPS
group.

Table 3 shows that damage index and frequency as determined by the comet
assay were significantly increased in the HPS group compared with the CG and
CG+MLT groups (p<0.05) and significantly decreased in the HPS+MLT group
compared with the HPS group (p<0.05).

DISCUSSION

This study was able to demonstrate the antioxidant and anti-
inflammatory effect of MLT on liver and lung tissues, and our experimental model
found a decrease in the index and frequency of DNA damage and reduced
histological damage in lung parenchyma.

Using the same experimental model to assessed pulmonary alterations
caused by BDL, Tieppo et al [29] found an increase in AST, ALT and AP activity and
changes in lung parenchyma. These results were similar to those obtained in the
present study, which found changes in hepatic enzymes and lung tissue, with
improvements after treatment with MLT.

A study by Colares et al [10], using the same experimental model as ours
showed that hepatic alterations observed in animals with HPS improved after
treatment with MLT, but lung tissue was not assessed.

In chronic diseases affecting different organs such as liver, lung, and nervous
system, it is possible to observe an increase in the amount of collagen and proteins

in tissues composing these organs [30]. Oxidative stress as assessed by LPO
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promotes disorganization in cell membranes, with increased permeability and
leakage of enzymes between intra- and extracellular media, leading to cell death
[31]. In the present study, there was an increase in lung tissue LPO in the HPS
group, but these levels were reduced in the HPS+MLT group.

The activity of the antioxidant enzymes CAT, SOD, and GPx had a significant
decrease in the HPS group compared with the CG and CG+MLT groups, and an
increase in the HPS+MLT group compared with the HPS group. However,
glutathione-S-transferase (GST) showed an opposite behavior, with a significant
increase in the HPS group and a decrease in the HPS+MLT group.

The antioxidant defense system, composed mainly of SOD, CAT and GPx,
may be the responsible for this tissue response because this system neutralizes
reactive oxygen species (ROS) due to its capacity of donating electrons [32].

Bona et al [33] showed the antifibrinogenic effect of MLT in the liver tissue,
with improved oxidative stress, and inflammatory and angiogenic processes caused
by liver cirrhosis experimentally induced by CCls in rats.

MLT is an indoleamine that has a potent antioxidant effect due to its chemical
structure consisting of a double bond at carbons 2 and 3, thus protecting different
tissues against the action of free radicals [34] and having an anti-inflammatory and
immunomodulatory action [35].

We believe that, in our study, MLT was responsible for removing the reactive
oxygen species (ROS) in lung tissue and for regulating antioxidant enzyme activity,
exhibiting a similar effect to that observed in the liver tissue by Schemitt et al [36].

There was also an indirect increase in nitric oxide metabolism assessed by the
ratio between nitrites and nitrates in the HPS group compared with the CG and
CG+MLT groups and a decrease in the HPS+MLT group compared with the HPS
group. A similar result was reported by Feng & Hong [37], who evaluated vasoactive
substances and hemodynamic anomalies in patients with HPS caused by chronic
liver disease, with increased concentrions in the ratio between nitrites and nitrates
and a negative correlation with vascular resistance in the pulmonary artery.

Arginine metabolism mediated by nitric oxide synthases, especially by
endothelial nitric oxide synthase (eNOS), has an important participation in the
production of endogenous nitric oxide (NO) and in circulating nitrate levels in the

organism [38]. INOS and eNOS contribute to the development of HPS through
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pulmonary vasodilation, and exhaled nitric oxide levels were also increased in
patients with HPS [39].

Using an experimental model of carbon tetrachloride (CCl4), Bona et al [33]
reported increased NF-kB and iINOS and increased nuclear expression of the p65
subunit. These findings were consistent with those of the present study, which
demonstrated an increased INOS in the HPS group and reduced iNOS in the
HPS+MLT group. In agreement with the studies by Bona et al [33] and Mauriz et al
[40], MLT promoted the modulation of NF-kB, thus enabling the control of the
inflammatory process, as shown by the reduction in INOS in the HPS+MEL group.
The same occurred with interleukin 1-[11(1, which exhibited increased levels in the
HPS group and reduced levels in the HPS+MLT group, corroborating findings by
Kunak et al [41], although these authors evaluated the kidney tissue.

This mechanism may be explained by the action of phagocytic cells that act in
the process of bacterial translocation occurring in the HPS, in which the migration of
macrophages to the lung tissue leads to production of superoxide radical anion (O2.")
that binds to the nitric oxide produced by the INOS. Increased enzyme antioxidant
activity as observed by the significant increase in SOD expression in lung tissue
homogenates in the HPS group may be a response to protect the tissue against
aggression caused by increased ROS.

The histological analysis of the lung tissue performed in the present study
revealed tissue disorganization in the HPS group, with increased vascular diameter
and infiltrate area in lung parenchyma, with tissue restructuring and reduced vascular
diameter in the HPS+MLT group. Vascular disorganization with arteriovenous shunt
and pulmonary vasodilatation compromise the maintenance of adequate levels of
arterial oxygen. In the HPS group, limited oxygen diffusion to capillary result from the
presence of vascular bed dilation associated with increased cardiac output
characteristic of hyperdynamic circulation in cirrhosis rather than from thickening of
alveolar-capillary membrane [42].

Tieppo et al [7] found a decrease in PaO2 and SatO2/Hb and a significant
increase in PaCO: in cirrhotic animals compared with the CG. These findings
corroborate those of the present study, arterial blood gas parameters pH, PaOq,
PaCOz2, SpO2 were reestablished after treatment with MLT.

DNA changes may be assessed by micronucleus and comet assays, and this

study found a significant increase in damage index and frequency in the HPS group
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and a reduction in animals treated with melatonin. In the study by Vercelino et al [43],
there was an increase in the frequency of micronuclei in bone marrow and increased
DNA damage in lung and liver tissues in animals from the HPS group, although
damage could not be reversed at a dose of 10 mg/kg using treatment with S-NAC
antioxidant, a fact that occurred in our study after the administration of melatonin.

The results of the present study indicate that MLT has the capacity of
improving oxidative stress, activity of the antioxidant enzymes CAT, SOD, GPx, and
GST, SOD expression, inflammatory process, gas exchanges, vasodilation, DNA
damage index and frequency, suggesting its use in clinical trials in patients with

chronic liver disease diagnosed with HPS.
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APPENDICES:

Table 1: Activity of hepatic enzymes, lipid peroxidation, and antioxidant activity in lung
tissue.

Groups CG CG+MLT HPS HPS+MLT
AST (U/L) 82.25+9.31 94.75+7.95 444.50+48.12* 106.33+18.48#
ALT (U/L) 38.25+1.44 36.75%2.53 113.25+12.19* 38.67+0.76#
AP (U/L) 110.75+4.01 106+5.94 395.75+36.42* 97.67+10.80#
TBARS 0.38+0.05 0.37+0.07 0.83+0.07* 0.50+0.04#
CAT 8.32+0.45 9.09+0.36 5.17+0.25* 8.52+0.40#
GST 2.54+0.37 2.08+0.39 7.78+0.43* 3.95+0.70#
SOD 4.37+0.38 4.79+0.29 1.99+0.19* 4.24+0.61#
GPx 6.68+0.23 5.96+0.22 3.21+0.12* 6.88+0.47#

Data expressed as mean+standard error. Experimental groups: Control group (CG), Control+melatonin group
(CG+MLT), hepatopulmonary syndrome group (HPS), and hepatopulmonary syndrome+melatonin group

(HPS+MLT).

AST- aspartate aminotransferase, ALT- alanine aminotransferase, AP- alkaline phosphatase
* Significant increase in the HPS group compared with the CG and CG+MEL groups (p<0.001).
# Significant decrease in the HPS+MLT group compared with the HPS group (p<0,001).

TBARS- thiobarbituric acid-reactive substances, CAT- catalase, GST- glutathione-S-transferase, SOD-
superoxide dismutase, and GPx- glutathione peroxidase.

* Difference in the HPS group compared with the CG and CG+MLT group; p<0.01.

# Difference in the HPS+MLT group compared with the HPS group; p<0.001.
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Figure 1: Nitrite/nitrate (NO2/NOg) ratio and interleukin 1-B. Experimental groups: Control
group (CG), Control group+Melatonin (CG+MLT), Hepatopulmonary syndrome group
(HPS), and Hepatopulmonary syndrome+Melatonin group (HPS+MLT).

* Significant increase in the HPS group compared with the CG and CG+MLT groups
(p<0.05).

# Significant decrease in the HPS+MLT compared with the HPS group (p<0.05).
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Figure 2: Western blot of superOX|de dismutase (SOD), inducible nltrlc oxide synthase
(iNOS), and p65. There was a significant decrease in SOD and increase in iINOS and p65 in
the HPS group compared with the CG and the CG+MLT groups, with an increase in SOD and
decrease in iINOS and p65 in the HPS+MLT compared with the HPS group.* Significant
increase compared with the CG and CG+MLT groups and significant decrease in the HPS
group; p<0.05.
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Figure 3: Photomicrograph of lung vascular diameter (mm). Data expressed as mean+standard
error. Experimental groups: Control group (CG), Control+Melatonin group (CG+MLT),
Hepatopulmonary  syndrome (HPS) and Hepatopulmonary syndrome+Melatonin
(HPS+MLT).

*Significant increase in the HPS group compared with the CG and CG+MLT groups
(p<0.05).

# Significant decrease in the HPS+MLT group compared with the HPS group (p<0.05).
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Figure 4:

(A) Photomicrograph of lung parenchyma by HE, magnification of 400X.

CG and CG+MLT: normal lung parenchyma.

HPS group: presence of infiltrates in lung tissue.

HPS+MLT group: lung tissue reestructurating with maintenance of lung infiltrates.

(B) Photomicrograph of lung tissue samples stained with picrosirius (magnification of 400X).
Increased pulmonary fibrosis in the HPS group compared with the CG and CG+MLT groups,
and reduced pulmonary fibrosis in the HPS+MLT group compared with the HPS group.
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Table 2: Arterial blood gas

Groups CG CG+MLT HPS HPS+MLT
pH 7.37+0.04 7.35+0 7,24+0* 7.36+0.01#
PCO:2 45+1.41 45+1.41 56.66+1.51**  46.33+3.05##
PO2 77+2.82 73.50+0.7 57.20+6.22# 73+4.584##
HCO3 25.95+0.91 25.77+1.19 26.48+0.96 25.03+1.2
SpO2 92+3.43 92+1.41 81.33+5.77# 92.50+2.64##

Data expressed as mean+standard error.

Experimental groups: control group (CG), control group+melatonin (CG+MLT),
hepatopulmonary syndrome (HPS) and hepatopulmonary syndrome+melatonin (HPS+MLT).
pH- potential of hydrogen, PCO»- partial pressure of carbon dioxide, PO»- partial pressure of
oxygen, HCOzs- ion bicarbonate, SpO»- oxygen periferic saturation.

* Difference in pH between the HPS group compared with the CG and CG+MLT, p<0.05.

** Difference in PCO> between the HPS group compared with the CG and CG+MLT groups,
p<0.001.

# Difference in PO; (p<0.01) and SpO: (p<0.05) between the HPS group compared with the
CG and CG+MLT groups.

## Difference between HPS+MLT and HPS groups, p<0.05.

Table 3: Comet assay in the different groups.

Group Damage index Damage frequency
CG 68.6+26.3 59.2+20.2
CG+MLT 72.9+16.8 67.6+12.9

HPS 233.2443.4* 96.8+4.6 *
HPS+MLT 117.7+20.3# 73.9+12.6#

Data expressed as mean+standard error.

Experimental groups: Control group (CG), Control group+melatonin (CG+MLT),
hepatopulmonary syndrome group (HPS), and hepatopulmonary syndrome+melatonin
(HPS+MLT)

* Significant increase in the HPS group compared with the CG and CG+MLT groups
(p<0.05).

# Decrease in the HPS+MLT group compared with the HPS group (P<0.05).
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8. CONSIDERACOES FINAIS

Devido as complicacdes decorrentes que podem lesar diferentes 6rgdos como
o pulméo, a SHP estad associada a elevada taxa de mortalidade. Alguns fatores
podem estar associados a essas lesdes como a geracdo de espécies reativas de
oxigénio, 6xido nitrico, resposta inflamatoria no tecido pumonar, vasodilatagdo, fator
de transcricdo nuclear kappa B e dano ao DNA. Os estudos que estdo sendo
desenvolvidos nessa area demonstram que o uso de antioxidantes pode reduzir as
lesBes no figado e no pulmao. Evidéncias indicam que a MLT desempenha um papel
benéfico na restauracdo de tecidos, reduzindo dessa forma as lesdes hepatica e
pulmonar na SHP, indicando que a MLT pode ser uma alternativa terapéutica na
manutencao e recuperacdo de pacientes, podendo reduzir a mortalidade e melhorar

a qualidade de vida deles.

Neste estudo, demonstramos que a MLT foi capaz de proteger o figado e o

pulm&o dos animais com SHP.

8.1 Conclusdes Artigo |

“‘Hepatopulmonary Syndrome: Oxidative Stress and Physical Exercise”.

- Na revisdo da literatura foi possivel observar que as alteracBes presentes
em pacientes com SHP sdo muito semelhantes as encontradas no modelo
experimental de LDB. As caracteristicas clinicas, como vasodilatacées pulmonares e
alteracbes gasométricas sdo mais facilmente entendidas quando investigados o
comportamento do sistema antioxidante, os processos inflamatérios associados a
translocacdo bacteriana, bem como a existéncia de shunts portossistémicos e
intrapulmonares. A SHP, bem como as doencas que afetam o sistema hepatico,
podem contribuir com o desenvolvimento da sarcopenia e da caquexia, em
decorréncia da hiperamonemia, da desnutricdo, do hipermetabolismo e da protedlise
tecidual. O exercicio fisico surge como potencial intervencdo terapéutica para
reverter as alteracfes existentes nos sistemas musculoesquelético e pulmonar, e
pode ser utilizado por pacientes que apresentem a SHP ou qualquer alteracdo no

sistema hepético.
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8.2 Conclusdes Artigo Il

“Efeitos da melatonina sobre o tecido pulmonar no modelo experimental de

sindrome hepatopulmonar”.

- Reducéo na vasodilatacdo e a fibrose do tecido pulmonar, melhorando
alteracdes estruturais ocasionadas pela SHP;

- Reducéo do estresse oxidativo no tecido pulmonar;

- Melhora na gasometria e nas trocas gasosas;

- Melhoras na relacao peso pulmonar/ peso corporal (%) e gradiente alvéolo-

arterial de oxigénio.

8.3 Conclusdes Artigo I

“Efeitos da melatonina sobre o tecido hepatico e pulmonar em animais com
sindrome hepatopulmonar por ligadura do ducto biliar”

- Restauracdo da integridade hepatica com melhora nos niveis das enzimas
séricas Aspartato Aminotransferase (AST), Alanina Aminotransferase (ALT) e
Fosfatase Alcalina (FA);

- Melhora nas trocas gasosas avaliadas pela gasometria arterial;

- Reducéo na lipoperoxida¢éo do tecido pulmonar;

- Melhora na atividade enzimatica antioxidante da SOD, CAT, GPx e GST;

- Reducéo do diametro dos capilares pulmonares nos animais com SHP;

- Reducédo do processo inflamatério avaliado pela expressédo da iNOS e p65
do NF-kB;

- Melhora no indice e na frequéncia de dano ao DNA.
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9. PERSPECTIVAS FUTURAS

Como perspectivas futuras, percebemos a necessidade de avaliagdo dos
efeitos da acédo da melatonina na SHP, associada a um programa de atividade fisica
com o objetivo de verificar os beneficios do exercicio no controle do estresse
oxidativo, funcdo pulmonar, processo inflamatorio e integridade/recuperacdo do

tecido muscular periférico.

A partir de novos estudos que indiguem a possibilidade da intervencdo com o
exercicio associado aos beneficios do uso da melatonina em diversos tecidos,

poderemos aproximar a pesquisa experimental a realidade clinica, com a

expectativa de promover a medicina translacional (figura 14)

MMedicina
Translaciomnal

Figura 14: Medicina translacional — da bancada a clinica.
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10. ANEXOS

10.1 Artigos publicados durante a vigéncia do
doutorado

Gastroenterology

Baishideng Publishing Group Inc
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Abstract
AIM
To evaluate the effects of melatonin (Mel) on oxidative

stress in an experimental model of bile duct ligation
(BDL).

METHODS
Male Wistar rats (n = 32, weight £ 300 g) were
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allocated across four groups: CO (sham BDL), BDL (BDL
surgery), CO + Mel (sham BDL and Mel administration)
and BDL + Mel (BDL surgery and Mel administration).
Mel was administered intraperitoneally for 2 wk,
starting on postoperative day 15, at a dose of 20 mg/kg.

RESULTS

Mel was effective at the different standards, re-
establishing normal liver enzyme levels, reducing the
hepatosomatic and splenosomatic indices, restoring
lipoperoxidation and antioxidant enzyme concentrations,
reducing fibrosis and inflammation, and thereby
reducing liver tissue injury in the treated animals.

CONCLUSION

The results of this study suggest a protective effect of
Mel when administered to rats with secondary biliary
cirrhosis induced by BDL.

Key words: Antioxidant; Cirrhosis; Fibrosis; Melatonin;
Oxidative stress

@© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Secondary biliary cirrhosis is a late complication
of prolonged extrahepatic bile duct obstruction that
leads to structural and functional changes in the
liver. Melatonin, the main product of the pineal gland,
provides hepatic protection in the experimental model
of bile duct ligation.

Colares JE. Schemutt EG. Hartmann RM. Licks F. Soares MC.
Bosco AD, Marroni NP. Antioxidant and anti-inflammatory
action of melatonin in an experimental model of secondary biliary
cirthosis induced by bile duct ligation. World J Gastroenterol
2016; 22(40): 8918-8928 Awailable from: URL: http://www.
wignet. com/1007-9327/full/v22/140/8918 htm DOT: hitp://dx do1.
org/10.3748wyg.v22 140 8918

INTRODUCTION

The liver has a complex structure, allowing it to play
a key role in operation and maintenance of several
vital functions of the organism, including synthesis
activity and excretion of substances. In the liver lobes,
hepatocytes are arranged in an orderly fashion out
from a central vein, forming the sinusoids, from which
they are separated by a narrow space (the space of
Disse). This space is the site of the hepatic stellate
cells (HSCs), which are known to possess contractile
and fibrogenic properties, as well as the ability to
synthesize extracellular matrix (ECM)2=L

Obstruction of the biliary tract is a congestive
process that leads to numerous changes, such as
ductular proliferation, stellate cell activation, and
accumulation of ECM in the space of Disse. Occurrence

a
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of these changes may lead to the development of liver
fibrosis, which, in turn, can lead to secondary biliary
cirrhosis™. Cirrhosis of the liver represents the most
advanced stage of fibrosis, in which there is evident
loss of structure of the hepatic parenchyma. It is
directly associated with development of septa and
fibrotic nodules, changes in hepatic blood flow, and
high risk of liver failure™.

Studies have shown that HSCs are directly in-
volved in the process of fibrosis formation and that
their activation is influenced by products generated
from lipid peroxidation (LPO), formation of reactive
oxygen species (ROS), and presence of inflammatory
mediators such as tumor necrosis factor-alpha (TNF-c),
inducible nitric oxide synthase (iNOS), interleukins,
and nudlear factor-kappa B™*,

As cirrhosis constitutes a major public health pro-
blem!”, much research is being conducted to develop
and test different substances that could be used in its
treatment. The objective of such substances aims to
improve quality of life, increase survival, slow disease
progression, and, possibly, mitigate the damage caused
by formation of ROS and free radicals (FRs)®?.

Prolonged obstruction of the bile duct in rats is an
experimental model for induction of secondary biliary
cirrhosis™®. In this model, the characteristic features
of the disease are established at approximately 28
d". Studies have demonstrated that the changes
occurring in cirrhosis in human patients are similar to
those found in experimental models, including jaundice,
hepatomegaly, splenomegaly, abnormal gas exchange,
and oxidative damage™**],

Melatonin (Mel; N-acetyl-5-methoxytryptamine) is
the main product synthesized by the pineal gland, which
produces Mel in a rhythmic manner, with production
inhibited by light, so that its peak production occurs
during the dark phase“s’m. Several effects have been
attributed to Mel, including antioxidant capacity, as
well as anti-inflammatory and immunomodulatory
properties[wﬂ].

There is an existing important link between
cirrhosis, inflammation and oxidative stress; in this
sense, treatments are required to protect the liver
against these types of damage. Therefore, this present
study investigated whether Mel (an anti-inflammatory
agent and antioxidant) would afford hepatic-protection
in an experimental model of cirrhosis.

MATERIALS AND METHODS

Animals

All animal procedures were conducted in accordance
with the recommendations of the Health Research
Ethics Committee of the Research and Graduate
Studies Group at the Hospital de Clinicas de Porto
Alegre (HCPA) in Brazil (approval number 14-0474),
and as recommended in the Guide for the Care and
Use of Laboratory Animals®**¥. The sample comprised
male Wistar rats n = 32, weight £ 300 g) that were
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Figure 1 Bile duct ligation surgery. A: Localization of the bile duct; B: Passage of silk thread for duct isolation; C: Resection of the bile duct.

allocated across four groups: CO [sham bile duct
ligation (BDL)], BDL (BDL surgery), CO + Mel (sham
BDL and Mel administration) and BDL + Mel (BDL
surgery and Mel administration). Cirrhosis was induced
surgically by BDL as described by Kountouras et af?.

Animal care and use statement

During the experiment, the animals were kept in
boxes lined with wood shavings, under a 12-h light/
dark cycle and controlled temperature conditions
(18-22C), with free access to water and chow. As
shown in Figure 1A, animals in the CO and CO + Mel
groups only underwent localization and manipulation
of the bile duct (sham surgery). Figure 1B and C show
the procedures performed in the BDL and BDL + Mel
groups respectively: after localization of the bile duct,
it was isolated and tied off with two knots made with 3-0
silk thread. All animals were euthanized at 29 d after
the start of the experiment®®.

Administration of Mel

Treatment started on day 15 after BDL surgery. Mel
was administered at a dose of 20 mg/kg body weight,
always at 7:00 p.m., away from light.

Extraction of plasma

After the blood was collected through the retro-orbital
plexus and placed in assay tubes with heparin, it
was centrifuged at 4000 rpm for 10-min time. The
precipitate was displaced and the plasma was removed
with pipette (Labsystems 4500, 100-200 plL) for the
different analyses of aspartate aminotransferase
(AST), alanine aminotransferase (ALT) and alkaline
phosphatase (AP) via commercial kit Labtest”.

Liver homogenates

For the preparation of the homogenate we used 9 mL
of phasphate buffered solution (1.15% KCI) per gram
of tissue (liver) and phenylmethylsulfonyl fluoride
at a concentration of 100 mmol/L in isopropanol
(10 ul/mL of KCI). The tissue was homogenized in
ULTRA-TURRAX for 40 s at 0-2 'C and subsequently
centrifuged for 10 min at 3000 rpm in a refrigerated

Beiskidengr  W]G | www wignet.com

centrifuge. The precipitate was discarded and the
supernatant removed and frozen at -80 T for
subsequent biochemical analyses??®.

Liver enzyme activity

Activity of the liver enzymes AST and ALT, which are
markers of hepatocyte integrity, were measured by
the ultraviolet kinetic method. AP was measured by
the colorimetric method. All tests were performed in
plasma, under routine HCPA laboratory methods, using
a Liquiform Labs” test commercial kit.

Hepatosomatic index and splenosomatic index

The liver and spleen were resected and weighed for
derivation of the hepatosomatic index (HSI) and
splenosomatic index (SSI), which were calculated as
the percentage of total organ (liver and spleen) weight
divided by the body weight of the animal: HSI = liver
weight (g)/rat weight (g) x 100; SSI = spleen weight
(g)/rat weight (g) x 1007,

LPO

Liver tissue samples were placed in test tubes con-
taining a mixture of trichloroacetic acid (TCA) 10%
and thiobarbituric acid (TBA) 0.67%, heated at 100 C
in a water bath for 15 min, and cooled on ice for
approximately 5 min. TBA reacts with LPO products to
form a Schiff base, whereas TCA is used to denature
proteins present and acidify the reaction. After cooling
the samples, 1.5 mL of n-butyl alcohol was added to
extract the formed pigment. Samples were stirred for
45 s and centrifuged for 10 min at 3000 rpm. Finally,
the stained product present in the top fraction was
read in a spectrophotometer at a wavelength of 535
nm. The TBARS concentration obtained was expressed
as nmol/mg protein®”,

Activity of antioxidant enzymes and glutathione levels
Superoxide dismutase: The activity of superoxide
dismutase (SOD) is defined by its ability to inhibit the
reaction of superoxide radicals with adrenaline, and
was monitored spectrophotometrically at 560 nm.
Results were expressed as USOD/mg protein®®,
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Catalase: The activity of Catalase (CAT) was deter-
mined by measuring the decrease in absorption in
action medium containing 50 mmol/L phosphate
buffered saline (pH 7.2) and 0.3 mol/L hydrogen
peroxide. The enzyme activity was assayed spectro-
photometrically at 240 nm and expressed as pmol/mg
pmteintzg].

Glutathione peroxidase: The activity of the anti-
oxidant enzyme glutathione peroxidase (GPx) was
assessed by the NADPH oxidation rate in the presence
of reduced glutathione (GSH) and glutathione reductase.
Sodium azide was added to inhibit CAT activity. The
enzyme activity was measured spectrophotometrically

at 340 nm and expressed as nmol/min/mg protein[m].

Glutathione S-transferase: The glutathione S-trans-
ferase (GST) activity assay is based on an enzyme
reaction which at 30 'C catalyzes the formation of 1
umol DNP-SG using a GSH concentration of 1 mmol/L
and chloro dinitrobenzene (CDNB). The enzyme activity
was measured spectrophotometrically at 340 nm and
expressed as pumol/min/mg proteint®X,

GSH reduced: To prepare the homogenate for
measuring levels of GSH reduced, for every 1 g of
tissue, 20 mL of perchloric acid (2 mmol/L) + EDTA
(4 mmol/L) was diluted in 1 mL Hz20. The levels
GSH were evaluated spectrophotometrically at 412
nm by quantifying intracellular levels of GSH from
modification of 2-nitrobenzoic acid and expressed as
umol/mg protein[m.

Histological analysis

After anatomical dissection of the liver of each animal,
approximately 2 cm were removed for histological
evaluation. The tissues were isolated and immersed in
10% buffered formalin for 24 h for fixation, followed
by histological processing (dehydration in a graded
alcohol series of six concentrations, clearing in xylol
at two concentrations, and embedding in paraffin at
64 C). The resulting paraffin blocks were attached to
a microtome (Leitz® 1512) and slices of 3 um thickness
were obtained. These specimens were placed in a
histological bath at 50 'C. For the staining step, the
slides were immersed in vats containing hematoxylin-
eosin (HE) and Picrosirius red (5 min in each stain).
After the hydration stage, the sample was covered
with a coverslip and fixed with Canada Balsam or the
blade, finalizing the preparation process. The slides
were examined by a pathologist who was blinded
to group allocation and were photographed under a
NIKON LABOPHOT binocular microscope at 200 x
magnification.

Immunohistochemistry (iNOS and TNF-c:)
For immunohistochemistry, liver tissue samples were
fixed in 10% formalin and placed in a histological tissue

-
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processor (ANCAP), through a graded ethanol series
and two vats of xylene, for dehydration. Specimens
were then embedded and blocks were cooled,
modeled, and attached to a microtome (Leitz* 1512)
to obtain slices 4 um thick. The resulting slides were
incubated with mouse anti-INOS (SC-7271; Santa Cruz
Biotechnology, Santa Cruz, CA, United States) and
TNF-o polyclonal antibodies (SC-52746; Santa Cruz
Biotechnology) at a dilution of 1:200 overnight at 4°
C, followed by incubation with the secondary antibody
(SC-2005; Santa Cruz Biotechnology) at 1:300 for 30
min at room temperature. The slides were analyzed
by a pathologist who was blinded to group allocation
and were photographed under a NIKON LABOPHOT
binocular microscope at 200 x magnification. Digital
images were analyzed in Image-Pro Plus version 4.5
(Media Cybernetics, Rockville, MD, United States).
The expression level was determined by multiplying
the average density of the image by the percent area
positively stained by the antibodies [brown colored
areas obtained by the peroxidase + diaminobenzidine
reaction].

Ethical consideration
The present study was accomplished in the HCPA with
the approval of the project (No. 14-0474).

Animal care and use statement

All experimental design, collections of biological
samples and analyses carried out were in accordance
with ethical principles of the Committee Ethics on
Animal Use (CEUA-HCPA).

Statistical analysis

Quantitative data are presented as mean £ SD error.
The comparison between groups was performed by
one-way analysis of variance followed by the Student-
Newman-Keuls procedure. P < 0.05 was considered as
statistically significant.

RESULTS

Liver enzyme activity

Evaluation of liver enzyme activity performed in
plasma showed a significant increase in all enzymes
in the BDL group compared with the control groups,
as well as a significant reduction of these values in the
BDL + Mel group compared to the BDL group. AST
levels increased 379% in the BDL group compared to
the CO group, and were 72% reduced in the BDL +
Mel group compared to the BDL group. ALT, a specific
marker of liver damage, was 186% increased in
the BDL group in relation to the CO group and 60%
lower in the BDL + Mel group compared to the BDL
group. AP levels were 211% higher in the BDL group
compared to the CO group and 72% lower in the BDL
+ Mel group compared to the BDL group (P < 0.001)
(Table 1).
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Table 1 Plasma levels of aspartate aminotransferase, alanine
aminotransferase, and alkaline phosphatase in the different

experimental groups

Group AST (U/L) ALT (U/L) AP (U/L)
oo 88.8+0.07 370+19 1224+135
QO+ Mel 204+84 388+32 116+81
BDL 4958 + 466 1058 +13.5 381.2+355°
BDL + Mel 1175+188 420+54 1043 +11.08

All concentrations are expressed as mean * SD ervor. Significant difference
exists between the BDL and contral groups (CO and ©O + Mel) (P < 0.001).
Significant difference exists between the BDL and BDL + Mel groups (‘P
< 0.001). CO: Control; CO + Mel: Control + melatonin; BDL: Bile duct
ligation; BDL + Mel: Bile duct ligation + melatonin.
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Figure 2 Mean hepatosomatic and splenosomatic index values in the
different experimental groups. All results are expressad as mean + 5D error.
Significant difference existed between the BOL and confrol groups (CO and CO
+ Mel) (°P < 0.001). Significant difference existed between the BOL and BOL +
Mel groups (P <0.001). GO Contral: CO + Mel: Control + melatonin: BDL: Bile
duct ligation; BOL + Mel: Bile duct ligation + melatonin; HSI: Hepatosomatic
index; 551: Splenosomatic index.

HSland SSI

Analysis of HSI and SSI showed significant increases
in the BDL group compared to control animals (CO and
CO + Mel), as well as a significant decrease in the BDL
+ Mel group compared to the cirrhotic group (BDL)
(Figure 2A and B).

Lipoperoxidation and GSH levels
The evaluation of LPO and GSH levels was performed
on homogenized liver.

The LPO analysis revealed a significant increase in
LPO markers in the BDL group compared to the CO
and CO + Mel groups, and administration of Mel to
BDL + Mel animals was associated with a significant
decrease in damage in this group. GSH levels were

-
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Figure 3 Lipoperoxidation markers and glutathione levels in the different
experimental groups. All results are expressed as mean = SD error.
Significant difference exists between the BDL and control groups (CO and CO
+ Mel) (P < 0.001). Significant diffierence exists between the BDL and BOL +
Mel groups (P < 0.001). CO: Control: CO + Mel: Control + melatonin: BDL: Bile
duct ligation; BDL + Mel: Bile duct ligation + melatonin; GSH: Glutathione; LPO:
Lipid peroxidation.

increased in the BDL group compared to the control
groups (CO and CO + Mel), and reduced in BDL + Mel
compared to BDL (Figure 3A and B).

Antioxidant enzyme activity

Evaluation of SOD, CAT, GPx and GST activity revealed
reductions in SOD and CAT in BDL animals compared
to controls (CO and CO + Mel), as well as functional
recovery of these enzymes in the BDL + Mel group
compared to the BDL group. Activity of GPx and GST
were increased in the BDL group compared to both
control groups (CO and CO + Mel), and decreased in
the BDL + Mel group compared with BDL (Table 2).

Histological analysis

HE staining: In the control groups (CO and CO +
Mel), histological analysis by HE staining revealed
normal liver parenchyma with clearly defined
hepatocyte cords. In the BDL group, there was tissue
disorganization with loss of hepatocyte cords and
inflammatory infiltration. In the cirrhotic group treated
with Mel (BDL + Mel), restructuring of these pattems
was observed, with formation of hepatocyte cords
arising from a centrilobular vein (Figure 4).

Picrosirius staining: Assessment of liver fibrosis in
Picrosirius-stained sections revealed absence of fibrotic
septa in the control groups (CO and CO + Mel). In
animals subjected to BDL, there was positive labeling
consistent with presence of fibrotic septa. However, in
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Figure 4 Histological analysis of liver tissue in the different experimental groups. HE staining, 200 X magpnification. The arrow indicates the presence of
inflammatory infiitrate. CO: Control; CO + Mel: Control + melatonin; BDL: Bile duct ligation; BDL + Mel: Bile duct ligation + melatonin.

Table 2 Activity of antioxidant enzymes in the different expe ntal groups

Groups SOD CAT GPx GST
(USOD/mg prot) (pmol/mg prot) (nmol/min/mg prot) (umol/min/mg prot)

Cco 243%0.17 219+021 693+0.76 228+020

CO + Mel 231+0.25 221+028 715+1.05 257 +0.09

BDL 0.88+0.21' 1.09+001' 37.78+239' 5.08+043'

BDL + Mel 247+022° 246 +0.04° 9.61+1.20° 193+021°

All values are expressed as mean = SD error. 'Significant difference exists between the BDL and control groups (CO
and CO + Mel) (SOD, P < 0.01; CAT, P < 0.05; GPx and GST, P < 0.001); ’Signiﬁ:ant difference exists between the
BDL and BDL + Mel groups (SOD and CAT, P < 0.01; GPx and GST, P < 0.001). CO: Control; CO + Mel: Control +
melatonin; BDL: Bile duct ligation; BDL + Mel: Bile duct ligation + melatonin. SOD: Superoxide dismutase; CAT:

Catalase; GPx: Glutathione peroxidase; GST: Glutathione S-transferase.

the BDL + Mel group, fibrosis was minimal (Figure 5).

Immunohistochemistry and quantification of iNOS and
TNF-o

Liver specimens from the BDL group exhibited strong
positive staining for iINOS (Figure 6) and TNF-« (Figure
7), whereas specimens from the CO and CO + Mel
groups did not stain. Treatment with Mel reduced
iNOS and TNF-« positivity. Likewise, iNOS and TNF-a
expression was significantly reduced in BDL + Mel
compared to the BDL group (P < 0.001; Figures 6 and
7

DISCUSSION

The BDL model is widely used to reproduce secondary
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biliary cirrhosis in animals, as it induces changes that
closely resemble those seen in cirrhosis in humans
and in experimental cirrhosis induced by carbon
tetrachloride (CCls)****2,

Liver integrity can be evaluated by measuring
levels of the enzymes AST, ALT, and AP. Increases in
these markers suggest liver dysfunction®. In the
present study, animals subjected to BDL exhibited
higher levels of AST, ALT, and AP than animals in all
other groups. Our findings also demonstrated that
administration of Mel to animals with cirrhosis induced
by BDL reduced the liver damage caused by duct
ligation. These results corroborate the findings of
a previous study conducted by Bona et al*), using
the CCls model of cirrhosis, in which animals exhibited
a significant increase in AST, ALT and AP levels and

October 28, 2016 | Volume 22 | Issue 40 |
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Figure 5 Histological analysis of liver tissue in the different experimental groups. Picrosirius staining, 200 x magnification. CO: Control; CO + Mel: Control +

melatonin; BDL: Bile duct ligation; BDL + Mel: Bile duct ligation + melatonin.

equally significant reductions of these markers after
treatment with the antioxidant quercetin. Shu et al®
demonstrated that administration of tanshinone IIA,
the active ingredient of Salvia miltiorrhiza, reduced ALT
and AST levels in an experimental model of cirrhosis in
rats.

The terms hepatomegaly and splenomegaly refer,
respectively, to enlargement of the liver and spleen.
Hepatomegaly is often associated with hepatobiliary
diseases. Splenomegaly, in turn, is associated with
numerous chronic diseases of the liver®* In our
study, both the HSI and SSI were significantly in-
creased in the BDL group compared with both control
groups, and both indices decreased to near control
levels when administered Mel in the BDL + Mel group.

The splenomegaly observed in the BDL model
is due to portal hypertension as a result of enlarge-
ment of the splenic veins. Hepatomegaly, in turn,
is secondary to biliary retention and subsequent
obstruction of biliary drainage, which ultimately leads
to liver fibrosis™****! Using a model of liver damage
induced by administration of polychlorinated biphenyls,
Oliveira et af** found that splenomegaly was minimal
in exposed animals given the antioxidant quercetin.
LPO causes disorganization of cell membranes,
resulting in an increase in membrane permeability and
consequent extravasation of enzymes, leading to cell
deathP”. Studies have demonstrated that MDA levels
may be associated with increased LPOP!.

Studies report that, in the pathophysiology of

(49
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biliary cirrhosis, liver damage is maximized by the
action of 2 This phenomenon was also observed
in the present study by measuring LPO, which was
significantly higher in the cirrhotic group (BDL) when
compared to the other groups and, accordingly, may
have been associated with a process of cell membrane
damage. Furthermore, the BDL + Mel group exhibited
a significant decrease in LPO as compared with the
BDL group, which suggests a protective role of Mel
against LPO induced by BDL. These data corroborate
a previous study by Bona et af (2012), in which
LPO was found to be increased in a model of CCls-
induced cirrhosis, and quercetin treatment appeared to
decrease LPO significantly.

CAT catalyzes the breakdown of H20: into water
and Oz. SOD is regarded as the first line of defense
against ROS formation, and decreases in its activity
could be related to increased LPO and heightened
consumption of the enzyme in an attempt to decrease
oxidative damage from ROS dismutation and H20:2
formation™.

In the present study, activity of the antioxidant
enzymes SOD and CAT was significantly decreased
in the BDL group compared to all others, and Mel
administration was able to restore activity of these
enzymes to near-control levels. These data suggest
that treatment with Mel attenuated FR formation
secondary to liver damage resulting from BDL-induced
cirrhosis. These data corroborate the findings of Bona
et af*! (2012), a study in which rats with CCls-induced
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Figure 6 Expression of inducible nitric oxide synthase in the different experimental groups. Magnification 200 . All values are expressed as mean + SD
error. Significant difference exists between the BDL and control groups (CO and CO + Mel) (*P < 0.001). Significant difference exists between the BDL and BDL +
Mel groups ('P < 0.001). CO: Control; CO + Mel: Control + melatonin; BDL: Bile duct ligation; BDL + Mel: Bile duct ligation + melatonin; iNOS: Inducible nitric oxide

synthase.

cirrhosis exhibited an increase in antioxidant enzymes
after treatment with quercetin.

Levels of the other enzymes evaluated (GPx and
GST), as well as of GSH, were increased in the BDL
group compared to the other groups, and decreased
significantly to near-control values in the BDL + Mel
group. The increases observed in cirrhotic animals
may be associated with enzyme activation in an
attempt to clear FRs and minimize oxidative damage
from the disease, while the reduction in these levels
in the group administered Mel suggests decreased
FR formation®™. These data corroborate the findings
of Amdlia et al®™, who observed that, in a model of
CCle-induced cirrhosis, GPx, GST and GSH levels were
increased, and treatment with quercetin appeared to
decrease these values.

Changes in the hepatic parenchyma, as well as
formation of fibrotic septa and necrosis, are often

[+ 9
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associated with the cirrhotic process®. In our study,
we observed loss of tissue organization in the BDL
group when assessed by HE staining, demonstrating
cellular disorganization with loss of hepatocyte cords
and presence of inflammatory infiltrate. In the BDL +
Mel group, a restructuring effect was observed, with
tissue organization resembling that seen in the CO and
CO + Mel groups.

Ferrari et a*? demonstrated that rats with cirrhosis,
whether induced by BDL or by CCls, exhibit necrosis,
fibrotic nodules, inflammatory infiltrate and cellular
changes. Tieppo et al™¥ also observed that rats
subjected to BDL exhibit hepatic changes with ductular
proliferation and fibrosis, findings that improved in
cirrhotic rats treated with quercetin.

Fibrosis is the end result of long-term liver injury.
Evaluation of fibrotic area in Picrosirius-stained slides
revealed increased collagen deposition in the BDL group,
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Figure 7 Expression of tumor necrosis factor in the different experimental groups. Magnification 200 x. All values are expressed as mean = SD error.
Significant difference exists between the BDL and control groups (CO and CO + Mel) (P < 0.001). Significant difference exists between the BDL and BDL + Mel
groups ('P < 0.001). CO: Control; CO + Mel: Confrol + melatonin; BDL: Bile duct ligation; BDL + Mel: Bile duct ligation + melatonin; TNF-c.: Tumor necrosis factor-

alpha.

in contrast to the BDL + Mel animals, in which collagen
deposition was minimal. These data corroborate various
studies which observed increased collagen deposition
in the liver of rats with cirrhosis induced by CCl: and
BDL™*, Saleh et af*! administered the natural marine
compound Sepia officinalis, known for its major
antioxidant, antibacterial and antitumor effects, and
observed a reduction in collagen deposition in animals
subjected to bile duct ligation.

Increased production of TNF-o: and iNOS is related
to acute and chronic inflammatory processes. In
the present study, we found higher TNF-o and iNOS
expression in animals subjected to BDL, as well as
decreased expression of these parameters in animals
administered Mel. These findings corroborate those
of Goncalves Schemitt et alml, who observed lower
expression of TNF-a and iNOS in animals treated with
glutamine in an experimental model of fulminant

(49

Beishidenge  WJG | www.wjgnet.com

hepatic failure.

In view of the evidence presented herein, we
suggest that the antioxidant and anti-inflammatory
effects of Mel acted to restore serum levels of liver
enzymes and the HSI and SSI, decrease LPO, restore
antioxidant enzymes, and attenuate collagen de-
position, inflammation and tissue damage in the livers
of animals subjected to BDL. However, other pathways
of Mel action should be studied to elucidate the
protective mechanisms involved in this experimental
model.
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Background

Liver cirrhosis is characterized by the appearance of septa and fibrotic nodules.
Bile duct ligation (BDL) in rats is an effective experimental model of secondary
biliary cirrhosis induction. Melatonin (Mel) has proven to be a potent antioxidant
in different experimental models.

Research frontiers
Experiments previous studies have proved that Mel presents itself as a potent
antioxidant in different experimental models.

Innovations and breakthroughs

This is the first study evaluating the antioxidant capacity of Mel in a surgical
model of secondary biliary cirthosis, in order to evaluate its possible therapeutic
efficacy.

Applications

Despite the secondary biliary cirrhosis affect, a significant number of
patients, still do not have an effective treatment. These data indicate that Mel
administration may be a target for further study and suggest its applicability for
patients in order to better support the life of the same.

Terminology

N-acetyl-5-methoxytryptamine, a physiologic hormone synthesized in a
rhythmic manner by the pineal gland and with production inhibited by light.
Exogenous administration has been related to its antioxidant capacity, and anti-
inflammatory and immunomodulatary properties.

Peer-review

This manuscript is a good research article. The study is interesting and
appropriate because it provides novel information about the beneficial effects
of Mel on a model of cirhosis. The authors studied the antioxidant and anti-
inflammatory effects of a treatment with the indoleamine and evaluated the
possible reversion of the structural changes induced in the liver by BDL.
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RESUMO

Introducgao: A cirrose gera alteracdes nas trocas gasosas e a desnutricdo proteico-
caldérica em pacientes hepatopatas. Objetivo: avaliar e comparar as variaveis
cardiopulmonares, a forca do aperto de mao (FAM) e a composicdo corporal entre
pacientes cirréticos e individuos saudaveis e correlacionar o consumo maximo de
oxigénio (VOomax) com a FAM em pacientes cirroticos pelo virus da hepatite C.
Materiais € métodos: Esta pesquisa se caracteriza como um estudo de caso-
controle composto por 36 participantes (18 pacientes cirrdéticos com HCV e 18
individuos higidos) de ambos os sexos, maiores de 18 anos. A forca de preenséo
palmar foi mensurada por dinamometria através de um dinamdmetro mecanico de
empunhadura com alca ajustavel. As variaveis ventilatorias foram avaliadas através
da ergoespirometria de com teste de carga progressiva em cicloergdmetro. A
composicdo corporal foi mensurada por um mesmo técnico em cineantropometria
nivel Il. Foram utilizados os testes T — Independente e Mann-Withney para
comparacao entre os grupos e a Correlacdo de Spearman para associacao entre as
variaveis.

Resultados: Foram encontradas diferencas para o consumo maximo de oxigénio
(16,20 (11,60 - 18,55) Mediana e intervalo Interquartil) x 19,90 (16,27 - 26,85),
ventilacdo 45,40 (36,45- 54,20) x 63,40 (50,40- 78,00), producdo de diéxido de
carbono 785,88 (655,81 - 963,14) x 988,04 (826,93 - 1546,21), a frequéncia cardiaca
maxima (127,66 + 23,26 média e +DP) x (146,29 £ 23,31), 1° limiar ventilatorio
(10,700 £ 3,19) x (14,912 = 4,45) e o 2° limiar ventilatorio (14,16 + 4,48) x (18,25 %
5,54) entre cirréticos e controles respectivamente. Encontramos correlacdo positiva
moderada entre o consumo maximo de oxigénio e a forgca do aperto de méo
(r=0,474, p=0,047) Conclusao: Existe altaracdo nas variaveis cardioplumonares e
ha associacdo entre 0 VOyyax € a FAM em pacientes cirrdticos pelo virus da hepatite
C.

Palavras-Chave: forca do aperto de mao, cirrose, variaveis ventilatorias
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INTRODUGAO

A cirrose hepatica é o estadio final comum de uma série de processos
patoldgicos hepaticos de diversas causas como a infecgdo cronica pelo Virus da
Hepatite C .

Uma das complicacdes da cirrose é a desnutricdo protéico-caldrica, um achado
frequente em pacientes com hepatopatia avancada %°. Atualmente, existem alguns
meétodos de avaliac@o nutricional como a avaliacdo antropomeétrica, que abrange a
mensuracdo de medidas como peso, altura, indice de massa corporal (IMC) e
dobras cutaneas *. A antropometria permite que se avalie a composi¢do corporal
que & a capacidade do ser humano em realizar qualquer tipo de esfor¢o tendo
relacdo com a maior ou a menor presenca dos seus tecidos corporais fundamentais
5.

Qutras complica¢gdes oriundas da cirrose sdo a diminuicdo da pressdo parcial
de oxigénio arterial (PaO,) e na relagdo de oxigénio com a hemoglobina (SatO./Hb)
e 0 aumento na pressao parcial de gas carbhdnico (PaCos) que ocorrem devido as
alteracdes nas trocas gasosas entre o tecido pulmonar e o tecido sanguineo °.

A associagdo entre doenca hepatica e anormalidades e sintomas pulmonares
sao comuns em pacientes hepatopatas cronicos e tém sido reconhecidas ha mais de
100 anos. Entretanto, somente nos ultimos quinze anos alteragdes vasculares
pulmonares especificas associadas com a presenca de doenc¢a hepatica tém sido
submetidas a maiores investigagGes .

A doenca hepatica associada as alteracdes pulmonares causa um grande

impacto nutricional, pois o figado realiza inuUmeras reac8es bioquimicas, como
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producdo, modificacdo e utilizacdo de nutrientes e substancias metabolicamente
importantes para o organismo 8,

O objetivo do estudo foi avaliar e comparar as variaveis ventilatérias, a forca do
aperto de mdo e a composicdo corporal entre pacientes cirréticos pelo virus da
hepatite C e individuos saudaveis e correlacionar a forgca do aperto de mao com o

consumo maximo de oxigénio em pacientes cirréticos.

MATERIAIS E METODOS

O presente estudo caracteriza-se como um estudo de caso-controle em que
foram avaliados 36 participantes (18 pacientes cirréticos e 18 individuos saudaveis).
Os grupos foram pareados através do sexo e da idade.

Tamanho da amostra: Foi obtido a partir do estudo de Galant (2010), que
investigou a capacidade funcional de individuos com cirrose através do teste de
caminhada de seis minutos °.

Critérios de inclusdo: Os pacientes deveriam ter o diagnostico clinico de cirrose
hepatica compensada com etiologia viral C (VHC) e estar em acompanhamento
clinico no Ambulatério de Hepatites Crdnicas do Servigo de Gastroenterologia do
Hospital de Clinicas de Porto Alegre - HCPA.

Critérios de exclusdo: Foram excluidos individuos que apresentassem outras
causas de doenca hepatica, varizes esofagicas grau 3 e 4, anemia, coinfec¢do com
outros virus, insuficiéncia renal crénica, dispnéia em repouso e ou gque fossem
usuarios de drogas licitas e ou ilicitas.

Perdas amostrais: Individuos de ambos os grupos que apresentassem

alteracSes nos sinais vitais antes ou durante a realizacdo dos testes propostos.
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Procedimentos éticos: Este estudo foi aprovado pelo comité de ética e
pesquisa do HCPA e todos os participantes assinaram o termo de consentimento
livre e eslcarecido antes de serem avaliados.

Avaliacbes: Os participantes selecionados foram submetidos & avaliacdo da
composicdo corporal, da forca do aperto de mao e do teste de esforco maximo
cardiopulmonar.

Composicdo corporal: Foi mensurada por um mesmo técnico em
cineantropometria nivel |l da International Society for the Advancement of
Kineanthropometry (ISAK), utilizando procedimentos estabelecidos pela prépria
instituicdo '°. As marcacdes dos locais e a técnica de tomada das dobras cutaneas
seguiram os padrdes da Sociedade Internacional para o Avanco da
Cineantropometria (ISAK). As mensuracdes de estatura, massa corporal,
comprimentos, didmetros, perimetros e dobras cutdneas permitiram que a massa
total fosse fracionada em cinco componentes (massa muscular, massa adiposa,
massa residual, massa dssea e massa epitelial), o que proporcionou uma descricdo
e comparac3o detalhada da composic3do corporal dos participantes °.

Forca do aperto de médo (FAM): Foi verificada através do dinamdémetro
mecénico de empunhadura com al¢ca ajustavel do tipo Baseline Smedley Spring-
Type Hand Dynamometer (New York, USA). O valor obtido foi a média das 3
afericbes da mao ndo dominante, as quais ndo deveriam diferir 10% entre as
mensuracdes .

Teste de esforco maximo cardiopulmonar. Foi mensurado através de um
sistema de ergoespirometria de circuito aberto por analisador de gases (MGC,
modelo CPX/D). Os testes de carga progressiva, em cicloergbmetro (The Bike,

Cibex, USA), foram realizados segundo protocolo em rampa. A intensidade inicial
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estabelecida foi de 25W, com aumento de 25W a cada dois minutos (25W.min2),
mantendo uma cadéncia entre 70 e 80 rotagdes por minuto (rpm) 2 0s participantes
informaram sobre a taxa de percepc¢do subjetiva de esforco a cada aumento de
intensidade e foram verbalmente estimulados para que realizassem esfor¢co maximo
durante o teste que teve duracdo de 8-12 minutos de acordo com as recomendacdes
do American College of Sports Medicine (ACSM) e foi encerrado quando os
participantes atingiram um dos seguintes critérios: pico e/ou platd no consumo de
oxigénio; Frequéncia cardiaca =z predita para idade; Valor de taxa de ftroca
respiratoria > 1,15; percepcdo subjetiva de esforgo > 18 ou quando o participante

1314 No dia do teste os individuos foram

voluntariamente interrompeu o teste
instruidos a estarem alimentados, porém com intervalo de 2 horas da ultima refeicdo
para evitar desconfortos ou nauseas.

Foram verificadas através do teste cardiopulmonar as seguintes varidves
ventilatorias: consumo maximo de oxigénio (VOomax), producdo de didxido de
carbono (VCOy,), limiares ventilatorios 1 e 2 (LV1absoluto — LV2 absoluto), ventilagc&o
(VE) e frequéncia cardiaca maxima (FCpax).

A determinacdo dos limiares ventilatérios e do VOqpi, Obedeceu os seguintes
critérios:

. LV, foi considerado como a minima carga em que VE/NVO2 apresentou
um aumento sistematico sem um aumento concomitante de VE/\VVCOa.

. LV, foi considerade como a minima carga em que VE/VO, apresentou
um aumento concomitante com VE/VVCO,

. Caso nenhum dos critérios acima estabelecesse o LV,, um aumento néo

linear do RER foi utilizado
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« 0O VOonay foi considerado como a intensidade minima em que os valores
de VO, atingissem um platé e/ou pico. Um platd foi considerado como
uma variacdo inferior a 1,5 ml.kg”.mim" mesmo com incrementos
subseqlientes da intensidade do exercicio.

Anélise estatistica: Foi desenvolvida no software SPSS 18.0, adotando-se um
nivel de significadncia de 5% (p<0,05) e poder de 80%. Para testar a distribuicdo dos
dados foi utilizado o teste de normalidade Shapiro Wilk. As variaveis qualitativas
foram descritas em proporgdo e porcentagem respectivamente. Para comparacao
entre os grupos foi utilizado o teste Qui-Quadrado. As varidveis quantitativas foram
descritas em media e desvio padrdo e mediana e intervalo interquartil. A
comparacdo entre os dois grupos foi realizada pelos Testes T — Independente e
Mann-Withney. Para correlagdo das variaveis foi utilizado o teste de Correlacdo de

Spearman.

RESULTADOS

As caracteristicas antropometricas dos participantes estao descritas na tabela
1. Observaram-se resultados semelhantes nos dois grupos quanto a idade, genero,
peso, altura e indice de massa corporal (IMC) nao havendo diferencas estatisticas
entre os participantes.

Foram encontradas diferencas entre os grupos no teste ergoespirométrico
para © VOomax, VE, VCO,, LV1absoluto, LV2 absoluto e FCuax. Os dados estdo
descritos na tabela 2.

Ndo foram encontradas diferencas entre os grupos para a composicdo
corporal nos seus cinco componentes (massa adiposa, massa muscular, massa

residual, massa éssea e massa epitelial). Os dados estdo expressos na tabela 3.
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Quanto a FAM ndo houve dierencas estatisticas entre cirréticos (1,89 +0,90
meédia e *DP) e controles (2,46 %0,116), (p=1,183). Contudo, obtivemos uma
correlacdo positiva moderada entre o VO2max e a FAM (r=0,474, p=0,047), como

pode ser visto na figura 1.

DISCUSSAO

Os principais resultados do presente estudo foram que as variaveis
ergoespirométricas VOzmax, VE, VCO,, LV1absoluto, LVZ2 absoluto e FCuax
apresentaram-se alteradas no grupo cirrético em relagdo ao grupo controle (tabela
2). Jones et al. (2012) descreveram em sua revisao sistematica que a maioria dos
estudos que avaliaram a capacidade aerdébia em cirréticos, sob o teste
cardiopulmonar de esfor¢co maximo, mensuraram, apenas, 0 VOgpio Verificando
importante reducio nessa vaviavel. Um estudo verificou que 8 pacientes com cirrose
compensada apresentaram uma reducao de 82% no VOyp considerando-se o sexo
e a idade. QOutro estudo encontrou uma reducdo de 60% a 78% no VOgpiec €M
comparacao a individuos saudaveis. Poucos estudos, no entanto, avaliaram o
metaboslismo anairdbico durante o exercicio. Todos eles sugerem que o
metabolismo anairdbic ocorra mais cedo nos cirrdticos quando comparado a
individuos saudaveis indo ao encontro dos resultados encontrados em nosso
estudo'”.

A forca do aperto de mao e a composicdo corporal ndo foram diferentes
estatiscamente entre os grupos (tabela 3). Contudo, os valores encontrados no
grupo cirrético para a FAM foram inferiores aos encontrados no grupo controle
sugerindo que os cirréticos estavam piorando sua condigdo muscular e nutricional

em virtude da patologia. A forca do aperto de mao € util nessa populacdo, pois
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identifica os pacientes mais propensos a desenvolver complicagdes da cirrose, uma
vez que reflete mudancas que ocorrem em grupos musculares mais nobres, como o
diafragma’’. Além disso, € o método que identifica os pacientes mais propensos a
desnutricdo. Nunes et al. (2012) avaliaram a for¢ca do aperto de m&o em individuos
com cirrose pelo virus C classificados em seu grau de severidade como Child-Pilg A
e concluiram que a FAM foi o método que mais identificou desnutricdo nesses
pacientes se comparado com outros métodos como a antropometria’®. Todavia, sdo
necessarios mais estudos que comprovem que o estado nutricional de pacientes
com cirrose seja refletido pelo musculo!.

Em nosso estudo, associamos um método de avaliacdo nutricional
(antropometria) com um método de avaliagdo funcional (FAM). Nunes et al. (2012)
relataram que ndo ha um método de avaliacdo nutricional considerado padréo aureo
em pacientes cirréticos, sugerindo o uso combinado de métodos de avaliagéo
nutricional associados com métodos funcionais na avaliacdo de individuos com
cirrose'®. Além disso, a ma nutricdo energética proteica € um achado comum nos
pacientes com cirrose hepatica de etiologia etandlica, mas o valor prognédstico do
metabolismo energético nos cirrgticos de etiologia viral ainda nao é bhem
estabelecido'’.

A relacdo existente entre a forca do aperto de mao e o VOonax em individuos
cirroticos encontrada em nosso estudo (figura 1) pode ser explicada pelas alteracdes
encontradas na vasodilatacdo desses individuos interferindo na vasoconstricéo
arteriolar causando desvio do fluxo sanguineo dos tecidos ndo ativos para os
musculos esqueléticos em exercicio, limitando a extragdo de O2 que é verificada em
praticamente todos os pacientes com cirrose hepatica cujo a magnitude desse

prejuizo aumenta com a progressao da doenca'®"?.
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O presente estudo teve como limitagdes a auséncia de mensuracdo do
tratamento medicamentoso para o VHC e sobre a presenca de comorbidades como
diabete mellitus tipo 2 e hipertens&o arterial sistémica, uma vez que 0 VO;yax possui
associacdo com sexo, idade, presenca de doencas e uso de medicagbes em
pacientes hepatopatas?®?'.

Sugere-se que, em futuros estudos, seja avaliado o sistema neuromuscular
em conjunto com o sistema cardiorrespiratdrio verificando-se o grau de ativacdo
neuromuscular e a producdo de forgca em pacientes cirréticos por virus C. Existem
poucos dados sobre a capacidade de geracdo de forca em cirréticos, os estudos
existentes avaliam a for¢a através da mensuracdo do torque isocinético e isométrico.

Sabe-se que a forca muscular nesses doentes apresenta-se reduzida em diferentes

grupos musculares em relagdo a individuos saudaveis .

CONCLUSAO

Concluimos que existem altaragGes no consumo maximo de oxigénio, na
producdo de diéxido de carbono, na ventilacdo e nos limiares ventilatérios de
cirréticos em relacdo a individuos saudaveis e que ha uma associacdo entre a forga
do aperto de mao e o consumo maximo de oxigénio em pacientes com cirrose

hepatica pelo virus da hepatite C.
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Tabela 1. Caracteristicas antropometricas dos pacientes cirroticos e dos individuos higidos.
Caracteristicas Cirréticos Controles p
(n=18) (n=18)

Idade (anos) 55,61 + 8,31 5522+ 885 0,893
Genéro (M/F) 8 (44,4%) /10 (55,6%) 8 (44,4%) /10 (55,6%) 1,000
Peso (Kg) 66,50 (57,62 - 73,10) 70,90 (63,85 - 75,62) 0,229
Altura (cm) 157,45 (153,75 - 166,68)  163,30(154,75 - 169,63) 0,261
IMC (Kg\cm?) 26,04 (21,98 - 28,77) 2532 (24,13 - 26,70) 0,975

M/F - masculino/feminino. Kg — kilograma. cm — centimetros. Kgicm2 — quilograma por centimetro
quadrado. Dados descritos em media e desvio padrdo, proporcédo e porcentagem e mediana e

intervalo interquartil (P2s — Ps). p — nivel de significancia (< 0,05).

Tabela 2. Diferenca entre os grupos (cirrético e controle) para os dados ergoespirometricos.

Variaveis Cirréticos Controles p
(n=18) (n=18)

VOamax (MI/Kg ~/min) 16,20 (11,60 - 18,55) 19,90(16,27 - 26,85) 0,007
VE (L/min) 45 40 (36,45- 54,20) 63,40 (50,40- 78,00) 0,004*
VCO; (ml/min) 785,88 (655,81 - 963,14) 986,04 (826,93 - 1546,21) 0,0107
L1 absoluto (m/Kg /min™) 10,70 + 3,19 14,91 + 4,45 0,004*
L2 absoluto (ml.-’Kg'1.-“mi|1'1) 14,16 £ 4 48 18,25 £ 554 0,024~
FCax (bpm) 127,66 £ 23,26 146,29 = 23 31 0,031

consumo maximo de oxigénio (VOgya,), producéo de dioxido de carbono (VCO,;), limiares ventilatorios
1 e 2 (LV1absoluto — LV2 absoluto), ventilacéo (VE), frequéncia cardiaca maxima (FCpa,). ml/Kg/min
— mililitro por quilograma por minuto. L/min — litro por minuto. bpm — batimentos por minuto. Dados
descritos em mediana e intervalo interquartil (P25 — P7s) € em média e desvio padrao. p — nivel de

significancia (£ 0,05). * - diferenca estatistica entre os grupos.
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Tabela 3. Comparacéo entre os grupos para composicéo corporal (massa adiposa, massa muscular,

massa residual, massa 05sea e massa epitelial).

Variaveis Cirréticos Controles p
(n=18) (n=18)
massa adiposa (%) 37,75 £9,52 37,31 £5,32 0,867
massa muscular (%) 34,14 £8,94 36,59 £5,33 0,324
massa residual (%) 10,96 £2,32 10,75 1,21 0,728
massa ossea (%) 9,85 (9,100 - 11,075) 10,700 (9,950 - 11,300) 0,342
massa epitelial (%) 5,00 (4,47 - 547) 4,90 (4,70 - 5,12) 0,623

(%) — porcentagem. Dados descritos em meédia e desvio padrao e mediana e intervalo interquartil (Pas

— Ps). p — nivel de significancia (< 0,05).
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Figura 1. Relac&o entre a forga do aperto de méo (FAM) e o consumo maximo de oxigénio (VO ampay)-

FAM
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