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RESUMO

O uso de tetracloreto de carbono (CCls) em ratos € um modelo experimental de dano
ao tecido hepatico, desencadeando fibrose e, a longo prazo, cirrose. A cirrose
hepatica é uma doenga crbnica progressiva que representa um estado de disfungao
hepatica irreversivel ou lentamente reversivel, caracterizado pela formacdo de
nodulos fibroticos. Este estudo possui como objetivo avaliar as alteragdes hepaticas
e pulmonares causadas pelo modelo de cirrose hepatica através da utilizagdo de
CCly intraperitoneal. Foram utilizados 18 ratos Wistar machos divididos em 3 grupos:
grupo controle (CO) e outros 2 grupos divididos pelo tempo de indugdo da cirrose
por CCls. G1 (11 semanas), G2 (16 semanas). Verificamos a elevagao significativa
no nivel das transaminases hepaticas, na lipoperoxidagdo do tecido hepatico e
pulmonar (TBARS) e nas enzimas antioxidantes SOD e CAT, além de um aumento
da expressdo de TNF-a e IL-1B no pulmdo dos animais cirréticos. Observamos
alteracao nas trocas gasosas de ambos os grupos cirréticos. Podemos concluir que
nosso modelo reproduziu a cirrose hepatica, além de causar alteragdes no sistema
pulmonar, provocando alteracdo nas trocas gasosas e alterando o tamanho dos

vasos pulmonares.

PALAVRAS-CHAVE: Tetracloreto de Carbono, Cirrose, Modelos Animais



ABSTRACT

The use of carbon tetrachloride (CCI4) in rats is an experimental model of hepatic
tissue damage, which leads to fibrosis, and at the long term, cirrhosis. Cirrhosis is a
chronic progressive disease that represents a state of irreversible or slowly reversible
hepatic disfunction, characterized by fibrotic nodules formation. The aim of this study
is to evaluate the changes caused by cirrhosis in lung and liver, through the
experimental model of intraperitoneal CCl4 administration. We used 18 male Wistar
rats divided into three groups: control (CO) and two groups divided by the time of
cirrhosis induction by CCl4. G1 (11semanas), G2 (16semanas). We found significant
increase of transaminase levels and lipid peroxidation (TBARS) in liver and lung
tissue. Also, increased antioxidant enzymes SOD and CAT, as well as the expression
of TNF-a and IL-1B in the lung of cirrhotic animals. We observed changes in gas
exchange in both cirrhotic groups. We can conclude that our model reproduces the
liver cirrhosis, that causes alterations in the pulmonary system that leads to changes

in gas exchange and size of pulmonary vessels.

KEYWORDS: Carbon Tetrachloride, Cirrhosis, Animal Models
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INTRODUGAO E RELEVANCIA DO TEMA

A associagao entre doenga hepatica e sintomas pulmonares € comum em
pacientes com doencga hepatica crénica, sendo estes fatores reconhecidos ha mais
de 100 anos. Entretanto, somente nos ultimos quinze anos alteragdes vasculares
pulmonares especificas associadas com a presenca de doenca hepatica e/ou
hipertensao portal tém sido submetidas a maiores investigagdes (1).

A cirrose hepatica € uma doencga cronica progressiva que representa um
estado de disfungdo hepatica irreversivel ou lentamente reversivel caracterizado
pela formagdo de nddulos fibréticos. Ocorre como resultado da cicatrizagdo e
regeneragao hepatocelular, que constitui a principal resposta do tecido hepatico para
os incontaveis insultos inflamatorios, toxicos metabdlicos e congestivos (2).

Muitas sdo as razdes pelas quais os pacientes com cirrose apresentam
queixas respiratorias, sendo muito frequentes as disfungdes pulmonares
consequentes a doenga hepatica. Existem duas sindromes pulmonares distintas que
ocorrem em pacientes com doenga hepatica cronica as quais tém sido motivo de
muitos estudos, sendo elas a hipertensdo portopulmonar (HPP) e a sindrome
hepatopulmonar (SHP) (3, 4).

Atualmente, o transplante de figado continua sendo a unica opg¢ao de cura.
Avancgos recentes auxiliam na compreensao da histéria natural, na fisiopatologia da
cirrose e no tratamento de suas complicagbes, resultando em melhoria da gestéo,
qualidade de vida e expectativa de vida de pacientes cirréticos (5). Terapias
farmacolégicas que podem deter a progressao para cirrose descompensada ou até
mesmo cirrose reversa estdo sendo estudadas.

A inducéo experimental da doenga hepatica pode mimetizar com precisao as
alteracdes histologicas, bioquimicas, hemodinémicas, renais e neuro-humorais
observadas na disfungdo hepatica humana. Através de estudos experimentais,
podemos acompanhar o progresso fisiopatologico e as complicagbes da cirrose
hepatica.



1 REFERENCIAL TEORICO

1.1 FIGADO

O figado é caracterizado por ser um dos maiores 6rgaos do corpo humano.
Estéa situado na cavidade abdominal, abaixo do diafragma, na porgao superior direita
do abddébmen. Suas unidades morfoldgicas, os l6bulos hepaticos direito e esquerdo
sdo separados por uma prega do peritdnio denominada ligamento falciforme (6). E
um oOrgdo hematopoiético com capacidade regenerativa e que possui
microambientes imunoldgicos exclusivos (7).

A posigao ocupada pelo figado, na cavidade abdominal, entre o sistema porta
e a cava favorece a captura, transformacdo, acumulo e neutralizagcdo de substancias
(8). O figado possui diversas fungbes importantes para o organismo, tais como:
sintese de varias substancias (proteinas, agucares); secre¢do de sais e acidos
biliares; armazenamento (lipidios, vitaminas); biotransformacéao (substancias toxicas,
drogas, horménios, medicamentos) e metabolismo (lipidios proteinas, carboidratos).
As fungdes ainda incluem filtragem e armazenamento de sangue, ferro e formagéao
de fatores de coagulacgéao (9).

Nos lobulos, as células hepaticas ou hepatdcitos dispdem-se em placas
orientadas radialmente a partir de uma veia central e entrelagadas de forma
ordenada por sinusoides. Os sinusodides sdo condutos de sangue, que ndo possuem
parede estruturada e sao revestidos por dois tipos celulares: células endoteliais
tipicas dos capilares sanguineos e os macrofagos que no figado sdo denominados
como células de Kupffer. Entre os hepatécitos e os sinusoides, encontra-se um
espaco estreito, denominado espac¢o de Disse, onde se localizam as células
estreladas hepaticas (CEHs) (10-12).

As CEHs possuem forma estrelada e sdo constituidas por longas extensdes
citoplasmaticas, onde podem regular o fluxo sanguineo e a hipertensdo portal.
Possuem propriedades contrateis e fibrogénicas, constituindo o principal local de
formacgao de matriz extracelular (MEC) (13, 14). As CEHs constituem uma populagao
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celular heterogénea que difere na capacidade de armazenamento de lipideos, na
expressdo e organizagao de filamentos do citoesqueleto e no potencial para
producao de MEC. Este aspecto reflete a capacidade de apresentar dois fendtipos:

quiescente e ativado (Figura 1) (11-13).
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Figura 1: Célula estrelada, forma quiescente e ativada.
Fonte: Adaptada (11).

Sabe-se que a Interleucina-1 (IL-1) pode desempenhar um papel na
manutengdo das CEHs, que sdo responsaveis pela fibrogénese hepatica. Estudos
tém relatado que a atividade das c-Jun quinases N-terminal (JNK) na proliferagao,
transformacao, apoptose, e outros processos biolégicos podem ser induzidas por
lipopolissacaridos, TNF-a e IL-1 (15).

Varios mediadores tém sido demonstrados como promotores da ativacdo das
CEHs, incluindo endotelina-1 (ET-1), angiotensina Il e leptina (16-18). Além disso,
varias moléculas, como o fator de necrose tumoral-o (TNFa), fator de crescimento
transformador beta (TGFp), inibidor de metaloproteinase-1 TIMP-1, colageno Tipo | e

integrinas, mostraram ser fibrogénicas por inibir a apoptose das CEHs, contribuindo



15

para o aumento do numero destas em locais de dano hepatico e,

consequentemente, aumentando o processo de fibrogénese (Figura 2).
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Figura 2: Célula estrelada em um processo de dano hepatico.
Fonte: Adaptada (19).

1.2 CIRROSE HEPATICA

1.2.1 Etiologia da cirrose hepatica

A doencga hepatica cronica, decorrente da destruicdo e regeneragdo das
células hepaticas, ocasionando, do ponto de vista histolégico, presenga de fibrose e
formacao nodular difusa, com consequente desorganizagao da arquitetura lobular e
vascular do 6rgao. A cirrose representa a via final comum da lesao hepatica crénica
independentemente do agente etioldgico que produza a leséo (10, 20).

A cirrose apresenta distribuigdo global, independente de raca, idade e género.
Estima-se prevaléncia que varia de 4,5% a 9,5% de acordo com estudos de
necropsia, o que poderia corresponder a cerca de 100 milhdes de pessoas

acometidas em todo o mundo (21).
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A hepatite viral, especialmente do tipo B, constitui a principal causa de cirrose
em paises da Asia, ao passo que, em paises desenvolvidos, os principais agentes
sdo o alcool, o virus C e, mais recentemente, a esteato-hepatite n&o alcodlica. Em
ambulatérios institucionais, o alcool representa, ainda, a principal causa de
hepatopatia crénica. Entretanto, em levantamento da Sociedade Brasileira de
Hepatologia (SBH), quando s&o avaliados pacientes da clinica privada, o uso
excessivo de etanol é bem menos frequente e a hepatite C representa a principal
causa de hepatopatia crénica nessa populacao (20).

Em decorréncias dos avangos sorolégicos e imunoistoquimicos, a cirrose tem
sido classificada de acordo com a sua etiologia, sendo que os principais agentes
etiologicos causadores da cirrose podem ser classificados como: metabdlicos, virais,
alcodlicos, induzidos por farmacos, autoimunes, biliares, obstrutivos do efluxo

venoso hepatico e criptogénicos (20).

1.2.2 Fisiopatogenia da cirrose hepatica

Mesmo considerando que a fisiopatologia e a histopatologia da cirrose variam
de acordo com o agente etiolégico, o padrao histolégico final € sempre 0 mesmo: um
processo difuso caracterizado pela presenca de fibrose e uma conversido da
arquitetura normal do figado em nodulos estruturais. Suas sequelas ocorrem em
multiplos 6rgdos e sistemas do organismo, principalmente nos sistemas
cardiocirculatério, renal, pulmonar, neurolégico e metabdlico e suas principais
consequéncias sdo: cardiomiopatia cirrotica, varizes de eso6fago (hipertenséo portal),
ascite, sindrome hepatorrenal, SHP, HPP, encefalopatia hepatica, metabolismo de
drogas alterado, osteodistrofia hepatica e carcinoma hepatocelular (6, 22).

Os achados morfolégicos mais importantes da cirrose incluem: fibrose difusa,
nddulos regenerativos, arquitetura lobular alterada e shunts vasculares intra-
hepaticos. Outras caracteristicas relevantes abrangem: capilarizagdo dos sinusoides
e fibrose perissinusoidal, trombose vascular e lesdes obliterativas no trato portal e
nas veias hepaticas, bem como sinais de hipdoxia do parénquima lobular. Juntas,

essas alteragdes sdo responsaveis pelo desenvolvimento de hipertensdo portal e
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suas complicagdes, sendo este o principal mecanismo relacionado com a morte na
cirrose hepatica (23).

As doencgas hepaticas cronicas sao caracterizadas pela destruicdo
progressiva do parénquima, acumulo de MEC (incluindo colageno |, lll e IV) devido a
sintese aumentada e a incapacidade para quebrar estas proteinas, levando a
distorcdo da arquitetura hepatica (13, 24).

As CEHs, quando ativadas, seja por qual for a etiologia, apresentam maior
capacidade de proliferagdo, motilidade, contratilidade, sintese de colageno e
componentes da MEC. Possuem processos citoplasmaticos aderidos aos sinusoéides

e podem afetar o fluxo sanguineo sinusoidal (Figura 3) (22, 25).
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Figura 3: Ativagao das células estreladas no processo de dano hepatico.
Fonte: Adaptada (22).

Na lesdo hepatica cronica, uma matriz fibrilar, produzida pela ativacdo das
células estreladas, acumula-se no espago subendotelial. Isso resulta em perda das
microvilosidades dos hepatdécitos, reduz o tamanho e o numero das fenestragbes. A

colagenizagao do espago de Disse resulta em menor acesso de substancias ligadas
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as proteinas aos hepatécitos. Estas alteragdes podem ser acompanhadas pela

ativacao das células de Kupffer dentro dos sinusoides (Figura 4) (11-13).

DUCTULE

A

Figura 4: Arquitetura hepatica com injuria crénica. Em (A) mostra o sinuséide hepatico e a presenca
de corddes de hepatdcitos e o acumulo de MEC, em (B) desenho de alta resolugao do espago
subendotelial com a ativagdo das CEHSs e células de Kupffer e perda das fenestragdes.

Fonte: (12).

No figado normal ocorre o equilibrio entre as substancias vasoconstritoras
(ex: ET-1) e as substancias vasodilatadoras (ex: éxido nitrico - NO). No entanto, no
figado injuriado, ocorre desequilibrio dessas substancias, com aumento da sintese
de ET-1 e diminuigdo da produgédo de NO, levando o figado a endoteliopatia (Figura
5). Nesse contexto, ocorre contratiidade aumentada das células estreladas,
constri¢cao sinusoidal, com aumento da resisténcia intra-hepatica ao fluxo sanguineo.

ApOs a ativacdo das células estreladas, a expressdo das proteinas do
musculo liso € aumentada e as vias sinalizadoras sado potencializadas. Além dos
mediadores citados, existem outros, como a angiotensina Il, prostanoides e
monoéxido de carbono que podem também desempenhar um papel na endoteliopatia
encontrada na cirrose. Finalmente, a disfungcdo endotelial pode estar presente nos

compartimentos vasculares intra-hepaticos ndo sinusoidais (26).
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Figura 5: Endoteliopatia na circulagao vascular intra-hepatica
Fonte: Adaptada (26).

A cirrose provoca dificuldade do sangue em transitar pelo figado devido a
resisténcia aumentada ao fluxo portal e a compressao das veias hepaticas terminais
pela fibrose perivascular e nédulos parenquimatosos expansivos (27).

A hipertensao portal quase sempre resulta da obstrugdo no sistema porta.
Anatomicamente o local da obstrugao pode ser pré-hepatico, intra-hepatico ou pos-
hepatico (Figura 6) (28).

Na cirrose, € bem estabelecido que o fator primario, que leva a hipertensao
portal, € o aumento da resisténcia vascular ao fluxo portal e que o aumento do fluxo
torna-se especialmente importante em fases mais avangadas da doencga.
Reconhece-se o importante papel da alteragdo estrutural da microcirculagcéo
hepatica (fibrose, capilarizagdo dos sinusoéides e ndédulos de regeneragdo) como o
mecanismo mais importante para o aumento da resisténcia vascular na cirrose,

processo esse que, na maioria das vezes, é considerado irreversivel (29).



20

INTRA-
HEPATICA

HIPERTENSAO PORTAL

Locais de aumento da resisténcia vascular

Figado

Veias Hepaticas

1

Sinusoides

i

VEIA PORTA

Coracao
' ¢

Veia Cava POS-HEPATICA

VEIAS
Mesentérica Superior

— Esplénica

Mesentérica Inferior

PRE-HEPATICA

Figura 6: Locais de aumento da resisténcia vascular.
Fonte: Adaptada (29).

Para o estudo da cirrose e de todos 0os seus mecanismos envolvidos, existem

varias drogas capazes de ocasionar experimentalmente a lesdo hepatica, entre elas
o tetracloreto de carbono (CCls) (30-33).

1.3 TETRACLORETO DE CARBONO

A administragao de CCl; € um modelo bem conhecido para a reprodugao da

lesdo hepatica quimica (34). O CCls; € uma hepatotoxina que causa lesédo ao figado,

mediada pelo aumento de radicais livres. E, quando administrado em doses baixas,

induz fibrose e posteriormente cirrose hepatica (35, 36).
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Diversos estudos utilizaram o CCls com o objetivo de estabelecer a cirrose,
sendo administrado experimentalmente por diversas vias como via inalatéria (37-41),
intraperitoneal (31, 42, 43), intragastrica (44) e in vitro (45).

A hepatotoxicidade do CCl4 envolve sua metabolizagao pelo citocromo P450
nos hepatocitos dando origem ao radical triclorometil (*CCl3) e triclorometil peroxil
(OOCCI®). Estes radicais livres sdo instaveis e imediatamente reagem com os
componentes da membrana iniciando uma reacdo em cadeia que leva a
lipoperoxidagao (LPO).

A formacéao destes radicais relaciona-se com a hepatotoxicidade envolvida na
resposta inflamatéria. Algumas células hepaticas, incluindo células de Kupffer, CEHs
e sinusoidais, sdo as ativadas para secretar citocinas que irdo mediar a fibrogénese,
desempenhando um papel importante na patofisiologia da cirrose hepatica (Figura 7)
(46).

Os metabdlitos téxicos do CCls atingem varias proteinas, incluindo as
presentes no reticulo endoplasmatico rugoso e nas mitocondrias. Além disso, gera
radicais livres e espécies reativas de oxigénio causando a oxidagdo de proteinas
celulares e dano extenso ao DNA mitocondrial prejudicando a sintese mitocondrial
pelo figado.

Figura 7: Geragao de radicais livres e a injuria hepética pela agdo do CCl,.
Fonte: Adaptada (47).
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Este modelo experimental é eficaz no desencadeamento da fibrose e, a longo

prazo, cirrose (40, 48, 49).

1.4 ALTERACOES PULMONARES NA CIRROSE HEPATICA

A hipertensdo portal, juntamente com a cirrose, pode causar complexas
alteracdes do leito vascular pulmonar, dentre elas a SHP e a HPP.

As alteracdes vasculares pulmonares relacionadas com as doencgas hepaticas
cronicas, o amplo espectro de desestruturacdo da vasculatura pulmonar e a
hipertensdo portal apresentam extensa variagéo: desde a SHP, caracterizada por
dilatagcbes vasculares intrapulmonares, até a HPP, na qual a resisténcia vascular
pulmonar esta elevada.

Suas apresentagdes clinicas sdo muito diferentes, incluindo alteragdes nas
trocas gasosas, como na SHP, até faléncia hemodindmica, como na HPP (1, 50).

Os pacientes com cirrose hepatica apresentam queixas respiratorias,
possuem fadiga e fraqueza muscular em membros inferiores, podendo também
apresentar grande variedade de doengas pulmonares ditas comuns, tais como
bronquite cronica, especialmente entre alcoolistas, que frequentemente fumam e
apresentam episodios de infecgdo pulmonar (51).

As doengas cronicas do figado, especialmente a cirrose, podem estar
associadas com hipoxemia arterial, que resulta da combinacdo de alteracbes na
relacdo ventilagado-perfusdo e de shunts pela dilatagdo vascular intrapulmonar (52,
53).

Acredita-se que a dilatagdo vascular intrapulmonar pode estar relacionada a
translocacao bacteriana do trato gastrointestinal — fendmeno que expde o pulméo ao
efeito de endotoxinas e citocinas inflamatdérias (54, 55).

Esse aumento de endotoxinas na circulagdo pulmonar promove o acumulo de
macrofagos intravasculares na microcirculagdo pulmonar e se correlaciona com o
aumento da expressao da oxido nitrico induzivel (iNOS) (56).

A patogénese do “shunt” intrapulmonar na SHP é dominada por doengas do
figado. Um desequilibrio entre vasoconstritores e vasodilatadores e entre os fatores

hepaticos que estimulam o crescimento celular e inibicdo endotelial evoluem para o
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desenvolvimento de dilatagdo vascular intrapulmonar. Fatores de crescimento
originarios no figado, tais como fator de crescimento hepatico e fator de crescimento
vascular endotelial, estimulam o crescimento de pequenos vasos pulmonares.
Consequentemente, o “shunt” intrapulmonar ocorre através de canais vasculares
dilatados, além do que as incompatibilidades de ventilagao e perfusao e de restricao
de difusdo de oxigénio resultam em hipoxemia. Sabe-se que estas dilatagdes
intrapulmonares vasculares da SHP s&o causadas pela doenga hepatica (57).

Ja a hipertensdo pulmonar associada a cirrose e sem doenga de base
demonstravel (pulmonar ou cardiaca) € chamada de HPP. A patogénese da HPP é
um disturbio raro (58, 59). Dados demonstram que a hipertensdo pulmonar primaria
torna-se 20 vezes mais frequente em pacientes com cirrose do que na populagao
geral. O risco no desenvolvimento de hipertensao pulmonar aumenta com a duragéo
da hipertensao portal, sem qualquer relagao clara com o grau de hipertenséo portal,
insuficiéncia hepatica, ou a quantidade de sangue desviado (59).

Histologicamente, o exame microscopico mostra hiperplasia das arteriolas e
artérias pulmonares com espessamento da intima e estenose do lumen, além de
necrose da parede vascular, dilatagdo aneurismatica, trombose local, recanalizagao
do lumen vascular e a proliferagcdo celular. Os mecanismos da HPP séao
desconhecidos (51).

Os investigadores possuem a hipotese de que fatores humorais derivados da
circulagao esplancnica, que normalmente seriam eliminados pelo metabolismo
hepatico, atingem a circulagdo pulmonar por causa dos desvios portossistémicos e
da insuficiéncia hepatica. Estas substancias modificam a fung&o da célula endotelial,
promovendo a vasoconstricdo, trombose e atividade mitogénica na circulagao
pulmonar. A proliferagdo celular induz a hipertrofia da media, lesbes plexogénicas e
formacgao de novos vasos sanguineos (59, 60).

Pacientes com HPP apresentam sintomas como dispneia, sincope e dores
precordiais. O teste de diagnostico ndo invasivo mais utilizado € o ecocardiograma
transtoracico. A presengca de um atrio ou ventriculo direito dilatado, insuficiéncia
valvar pulmonar, ou deslocamento do septo interventricular para o ventriculo
esquerdo na ecocardiografia transtoracica, pode levantar a suspeita de hipertenséo

pulmonar. A combinagdo de um resultado de gasometria alterado com um
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ecocardiograma anormal tem sido um esquema de sele¢ao util para identificar
pacientes com HPP (51).

Além destas distintas complicagbes da cirrose hepatica, estudos
experimentais e clinicos que avaliam dano pulmonar relatam apoptose precoce de
macrofagos e alteragdes nos niveis de IL-1, IL-8 e TNF-a, desempenhando um papel
importante no desenvolvimento da fibrose pulmonar (61, 62).

1.5 ESTRESSE OXIDATIVO E ANTIOXIDANTES

1.5.1 Radicais livres e espécies reativas de oxigénio

As propriedades téxicas do oxigénio permaneceram obscuras até a
publicagdo de Gershman sobre a teoria da toxicidade dos Radicais Livres (RLs) de
oxigénio em 1954, afirmando que a toxicidade do oxigénio & parcial devido as
formas reduzidas de oxigénio (63). A presenca de RLs em sistemas bioldégicos foi
explorada em 1956, por Denham Harman, que propés o conceito de que os RLs
participavam do processo de envelhecimento (64).

A segunda fase de pesquisas sobre os RLs em sistemas biologicos foi
explorada em 1969 quando McCord e Fridovich descobriram a enzima superdxido
dismutase (SOD), surgindo evidéncias claras sobre a importancia dos radicais livres
em sistemas vivos (65). Uma terceira era de estudos sobre radicais livres em
sistemas biolégicos ocorreu em 1977, quando Mittal e Murad apresentaram provas
de que o radical hidroxila (OHe) estimula a ativacdo da guanilato ciclase e a
formacgao do segundo mensageiro: a guanosina monofosfato ciclico (cGMP) (66).

Desde entdo, um grande conjunto de evidéncias acumulou-se de que os
sistemas vivos n&o tém apenas uma adaptada convivéncia com os RLs, mas tém
desenvolvido varios mecanismos para o vantajoso uso dos RLs em varias fung¢des
fisiolégicas (67).

O oxigénio & um elemento vital; porém, pode se tornar potencialmente nocivo
para as células, em certas condi¢cbes, sendo o responsavel por reacdes quimicas
extremamente toxicas (68).

A molécula de oxigénio, em seu estado natural, € um birradical que possui

dois elétrons com spin de mesmo sentido, o que lhe confere certa estabilidade e o
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impede de agir como um RL. No entanto, esta condigdo Ihe confere caracteristicas
de potente oxidante, ou seja, aceitando elétrons de outras moléculas (69, 70).

Intermediarios da reducao parcial do oxigénio sdo o anion superéxido (02"),
peréxido de hidrogénio (H20.), oxigénio singlet ('O,) e radical hidroxil (OH"). Todos
sdo denominados espécies reativas de oxigénio (ERO) por serem capazes de existir
de forma independente (69).

Nas membranas mitocondriais encontram-se as proteinas transportadoras de
elétrons, principalmente do complexo citocromo que reduzem uma molécula de
oxigénio (O) a agua (H20) durante o processo de respiragao (Figura 8). A reducéao
completa de uma molécula de O, a H,O requer quatro elétrons. Sendo assim, 95 a
98% de O, recebem quatro elétrons de uma s6 vez através do sistema complexo
citocromo-oxidase, na reducgao tetraeletrénica. Porém, em cerca de 5% dos casos, a
reducao € monovalente, ou seja, a molécula de oxigénio recebe apenas um elétron
de cada vez (70, 71).

e e 2H'
0: 0" &9
Mo]ec_:u!a de p Anion _~  Peroxido Radical _~ 3 Agua
Oxigénio Superomdo de Hndrogemo Hidroxil

Figura 8: Respiragdo mitocondrial e a redugao do O, em H,0.
Fonte: (72).

Os radicais livres podem ser definidos como moléculas ou fragmentos
moleculares contendo um ou mais elétrons ndo pareados em orbitais atdmicos ou
moleculares (73).

Esse elétron ndo pareado geralmente ocasiona um consideravel grau de
reatividade aos radicais livres, tendo o potencial de oxidar moléculas bioldgicas,
incluindo proteinas, lipidios, glicidios e acidos nucleicos. Quantidades aumentadas
de metabdlitos oxidados destas moléculas tém sido detectadas em pacientes com
uma variedade de doengas (74).

Os RL ou as ERO, bem como espécies reativas de nitrogénio (ERN), sao

bastante conhecidos por serem produtos do metabolismo celular normal e por
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desempenharem um duplo papel, uma vez que podem ser deletérias/nocivas ou
benéficas para os sistemas vivos (Tabela 1) (67). Radicais derivados do oxigénio
representam a classe mais importante de espécies radicais geradas em sistemas
vivos (75).

Tabela 1 - Importantes radicais livres e espécies reativas no sistema bioldgico

RADICAIS LIVRES NAO-RADICAIS

Espécies Reativas de Oxigénio
Superoéxido, 02 ©

Perdxido de hidrogénio, H20,

Hidroxila, OH' Oxigénio singlet, '0
Peroxila, RO2 ° - x1genio singiet, ¥z

) . Perdxidos organicos, ROOH
Alcoxila, RO

Carbonato, CO3™

Espécies Reativas de Cloro
Cloro atémico, CI’

Acido hipocloroso, HOCI
Gas cloro, CI2
Nitro-cloro-benzeno, NO2CI
Acido nitroso, HNO2
Cation nitrosila, NO*
Anion nitrosila, NO
Tetra oxido dinitrogénio, N204
Tri oxido dinitrogénio, N20O3
Peroxinitrito, ONOO"
Acido Peroxinitroso, ONOOH
Alquil Peroxinitrito, ROONO

Espécies Reativas de Nitrogénio
Oxido nitrico, NO
Diéxido de nitrogénio, NO2"

Fonte: Adaptado (76).

Os radicais livres e as ERO s&o consideradas hepatotoxicas em altas
concentracdes, devido ao seu potencial de reacdo com a maioria das
macromoléculas celulares e enzimas inativas, causando danos ao DNA, modificando
proteinas e induzindo reagcdes em cadeia de lipoperoxidagao (LPO) (77, 78).

Estas reagdes em cadeia ocorrem quando um RL reage com um composto
nao radical, formando outro(s) RL(s). Dessa forma, podem ser produzidos efeitos
bioldgicos distantes do sitio de geragao do primeiro RL formado. S&o efeitos gerais
da peroxidacao lipidica: diminuicdo da fluidez da membrana, dano as proteinas de
membrana, desarranjos e inativagao de receptores, de enzimas, de canais de ions e

potenciagéo da lise celular (76).
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Sabe-se que o estresse oxidativo (EO) é uma situagdo em que existe
aumento das EROs em relagdo aos seus niveis fisiologicos normais (79). Esta
situagdo é definida como um desequilibrio entre as defesas oxidantes e
antioxidantes (AOX) a favor dos oxidantes (80). As consequéncias geradas
decorrentes do EO podem ser classificadas como sutis ou muito agressivas,
incluindo dano oxidativo as biomoléculas, interrup¢do do sinal de transducgao,
mutagcdo e morte celular e isso depende do balango entre a geragado das espécies
reativas formadas e das defesas antioxidantes presentes nas células (81).

O estresse oxidativo através da geragdo de ERO desempenha um papel
importante na producdo de danos ao figado. A perturbagao oxidativa de lipidios,
proteinas e DNA induz necrose e apoptose dos hepatdcitos, amplificando a resposta
inflamatoria, resultando na iniciagao de fibrose. Além disso, EROs estimulam a
producao de mediadores profibrogénicos a partir de células de Kupffer e células
inflamatadrias circulantes (11, 82).

Os hepatécitos, quando lesados, sdo uma potente fonte de RLs. As células de
Kupffer acabam gerando RL em resposta a lesdo hepatica. Estes RL exercem
estimulacdo paracrina sobre as células estreladas. Além disso, sua atividade é
amplificada pelo esgotamento de antioxidantes como normalmente ocorre no figado
doente (12).

O desenvolvimento da cirrose hepatica € comumente associada ao estresse
oxidativo e a LPO.

O trato respiratério € um alvo importante de danos causados por oxidantes,
tanto de origem enddgena quanto exdgena, pelo fato de estar em contato direto com
0 meio externo e exposto a elevadas concentragbes de oxigénio (83, 84). As
espécies reativas produzidas pelos fagocitos sdo a principal causa de dano tissular
associado a doengas pulmonares inflamatérias crénicas.

O estresse oxidativo ocasionado nos pulmdes, os marcadores de lesdo
pulmonar e citocinas proé-inflamatérias (IL-18, TNF-a, e IL-6) mostram-se
aumentados nos estudos de lesdo pulmonar, bem como niveis de citocinas pro-

inflamatadrias significativamente mais elevados e acentuada elevagao de MDA (85).
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Sob condigdes patoldgicas, concentragbes anormalmente elevadas de ERO
nas células podem levar a mudangas permanentes na transducao da sinalizagao e

na expressao genética, como observado nas doencgas inflamatorias cronicas (86).
1.5.2 Antioxidantes

A célula apresenta um sistema de defesa antioxidante enzimatico e nao
enzimatico que tem como objetivo impedir, varrer ou eliminar estes RLs do meio,
impedindo a LPO (Figura 9).

Os antioxidantes podem ser definidos como “qualquer substancia que,
presente em baixas concentragdes quando comparada a do substrato oxidavel,
atrasa ou inibe a oxidacdo deste substrato de maneira eficaz”. O termo oxidavel
inclui macromoléculas (tais como, proteinas, lipidios, hidrato de carbono e DNA). A
funcdo desses compostos € manter os niveis intracelulares de ERO em baixas
concentracdes e, para isso, atuam prevenindo a formacdo dessas espécies ou
combatendo-as uma vez que tenham sido formadas (88).

Perdxido de hidrogénio, Lipidio hidroperdxido,
Metal, Fumo, Isgquemia,
Luz, Drogas, etc.

Antioxidantes —E | H|/E EE Inibem aformacado de RL
preventivos

RADICAIS
LWVRES
EEEE Nkema iniciacdo das
/IU reagges em cadeia
Antioxidantes Maoléculas - alvo:
“scavengers” lipidios, proteinas,
de Radicais aglcares, DMNA, etc.

reacdes em cadeia

\\l@I B Wl 'nivem a propagagdo das

Reacdes em
cadeia

ENEEEN
/
Antioxidantes

de Dano celular

reparo
| @ N

Doengas, cancer, envelhecimento.

Figura 9: Sistema de defesa antioxidante no dano oxidativo induzido por RLs.
Fonte: (87).
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Os antioxidantes sao agentes responsaveis pela inibicdo e redugdo das
lesbes causadas pelos radicais livres nas células (89). Os mecanismos de defesa
contra estresse oxidativo induzido por radicais livres envolvem: (i) mecanismos
preventivos, (i) mecanismos de reparo, (iii) defesas fisicas, e (iv) as defesas
antioxidantes (Figura 9). As defesas antioxidantes podem ser enzimaticas e néao

enzimaticas (90).

1.5.2.1 Antioxidantes enzimaticos

O sistema antioxidante enzimatico é considerado a linha de defesa primaria,
uma vez que evita o acumulo do anion radical superoxido e do peroxido de
hidrogénio. Existem também as defesas secundarias que impedem a propagacgéo da
LPO e as terciarias, enzimas de reparo de danos ja instalados (76).

Quando a substéncia age neutralizando as ERO na fase de iniciagdo ou
propagacédo da LPO, levando a formagdo de um composto menos reativo, é
chamada de scavenger. Ao passo que, se a substancia antioxidante tiver a
propriedade de absorver a energia de excitagdo dos radicais, neutralizando-os, é
denominada de quencher (80).

As enzimas antioxidantes que controlam os niveis de ERO s&o: superdxido
dismutase (SOD), catalase (CAT) e glutationa peroxidase (GPx), sendo que cada
uma delas desempenha papel especifico no controle do balango oxidativo,
realizando a interceptacéo e a desativagcao das ERO impedindo a oxidagao posterior
de outras moléculas (91).

A SOD tem por principal fungdo atuar na dismutagdo do anion superéxido
(O2") em HyO, e Oy (91). O H,0,, apesar de nao ser um radical, facilmente reage,
originando o radical hidroxil. A remog¢ao dos perdxidos ocorre por meio das enzimas
CAT e da GPx, tendo a CAT mais afinidade ao peréxido de hidrogénio, peréxido de
metila e etila, enquanto a GPx catalisa a redugao do peréxido de hidrogénio e de
hidroperdxidos organicos (92).

A GPx, que se localiza no citosol e na matriz mitocondrial, atua através da
oxidagao da glutationa reduzida (GSH). Para re-estabelecer a glutationa reduzida a

oxidada (GSSG), é necessario que a glutationa redutase (GR) promova a



30

regeneracao da GSSG, consumindo NADPH. A atuagdo das enzimas antioxidantes

na degradacéo de RLs e ou EROs esta demonstrado na Figura 10 (93).
(0] GSH W NADPH

+2GSH \ GR

0,
/ 0+
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¢
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2

Figura 10: Interagéo entre as enzimas antioxidantes sobre os RLs e as EROs.

1.5.2.2 Antioxidantes ndo enzimaticos

Existem substancias que atuam como antioxidantes, evitando reagdes em
cadeia como a LPO. Elas s&o conhecidas como defesas antioxidantes néo
enzimaticas, sendo as mais conhecidas a glutationa, o acido ascorbico (vitamina C),
o a-tocoferol (vitamina E), B-carotenos e flavonoides (90, 94, 95).

Entre as principais defesas antioxidantes, a glutationa é considerada o
antioxidante ndo enzimatico hidrossoluvel mais importante por participar de inumeras
reagcdes de oOxido-redugao (96, 97). Um tripeptideo (g-L-glutamil-L-cisteinil-glicina)
existe no organismo em suas formas reduzida (GSH) e oxidada (GSSG), atuando
direta ou indiretamente em muitos processos biolégicos importantes, incluindo a
sintese de proteinas, metabolismo e protegéo celular.

Em particular, problemas na sintese e metabolismo da glutationa estdo

associados a algumas doengas, nas quais o0s niveis de glutationa e das enzimas que
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atuam no seu metabolismo podem ser bastante significativos no diagndstico de
alguns tipos de cancer, bem como em outras doengas relacionadas ao estresse
oxidativo (76).

A vitamina C é um composto hidrossoluvel que atua como cossubstrato na
biossintese do colageno, catecolaminas e carnitina. Atua como scavenger de O," e
OH* com a formagdo de um composto intermediario que é reduzido sucessivamente
pela GSH (94).

A forma da vitamina E com maior atividade quimica € o a-tocoferol, um
composto lipossoluvel. Sua acdo, como antioxidante, esta associada a inibicao da
peroxidagao de lipidios (98).

B-carotenos tém sido considerados porque apresentam a capacidade de
neutralizar radicais, agindo principalmente com o oxigénio singlet (99).

Um grupo de antioxidantes que muitas vezes & sugerido em terapias devido
ao seu potencial papel no apoio a saude sao os flavonoides. Estes sdo metabdlitos
secundarios sintetizados pelas plantas e pertencem ao grupo dos compostos
fendlicos (100, 101). Muitos trabalhos tém mostrado a redugdo da fibrose em
diferentes modelos experimentais de cirrose apds tratamento com flavonoides (31,
38, 39, 41, 102), assim como da redugdo da hipertensdo portal, uma das
complicagdes da cirrose (103).

Tendo em vista essas consideragdes, pretendemos avaliar o figado e o
pulmao de ratos cirréticos induzidos por CCls e analisar as alteragbes pulmonares

decorrentes da cirrose experimental.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

e Avaliar as alteracbes hepaticas e pulmonares na cirrose hepatica

experimental induzida em ratos pela administracdo de CCI4 i.p.

2.2 OBJETIVOS ESPECIFICOS

e \Verificar as enzimas séricas de integridade hepatica, aminotransferases
Aspartato (AST) e Alanina (ALT) e fosfatase alcalina (FA);

e Avaliar os niveis de lipoperoxidacado no tecido hepatico e pulmonar através
das substancias que reagem ao acido tiobarbiturico (TBARS);

e Avaliar no tecido hepatico e pulmonar, a atividade antioxidante, das

enzimas superoxido dismutase (SOD) e catalase (CAT);

Verificar as altera¢gdes na difusdo de gases através da gasometria arterial

nos diferentes grupos experimentais;

Analisar a histologia do tecido hepatico e do tecido pulmonar, através da
coloragdo hematoxilina e eosina (HE);

Quantificar os niveis pulmonares de TNFa e IL-1.
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Abstract

The use of carbon tetrachloride (CCI4) in rats is an experimental model of hepatic
tissue damage, which leads to fibrosis, and at the long term, cirrhosis. Cirrhosis is a
chronic progressive disease that represents a state of irreversible or slowly reversible
hepatic disfunction, characterized by fibrotic nodules formation. The aim of this study
is to evaluate the changes caused by cirrhosis in lung and liver, through the
experimental model of intraperitoneal CCl4 administration. We used 18 male Wistar
rats divided into three groups: control (CO) and two groups divided by the time of
cirrhosis induction by CCl4. G1 (11semanas), G2 (16semanas). We found significant
increase of transaminase levels and lipid peroxidation (TBARS) in liver and lung
tissue. Also, increased antioxidant enzymes SOD and CAT, as well as the expression
of TNF-a and IL-1B in the lung of cirrhotic animals. We observed changes in gas
exchange in both cirrhotic groups. We can conclude that our model reproduces a
model of liver cirrhosis, that causes alterations in the pulmonary system that leads to

changes in gas exchange and size of pulmonary vessels.

Introduction

Cirrhosis is considered to be the most advanced stage of fibrosis and is
associated with the appearance of the septa and fibrotic nodules, changes in hepatic
blood flow and a risk of liver failure (V. Cirrhosis occurs as result of the response to
liver injury following multiple inflammatory, toxic, metabolic or congestive damages.
Although the pathophysiology and histopathology of cirrhosis vary independently on
the etiologic agent, the final histological pattern is similar and is characterized by
diffuse fibrosis and a distortion of the normal architecture in structural liver nodules.
Cirrhosis as a consequence of structural distortion may trigger changes in the
function of hepatocytes and portal hypertension. These two changes produce in its
evolution, all of the clinical manifestations of cirrhosis, which is expressed not only in
the liver but in the whole organism % . Portal hypertension, through hemodynamic
alterations, changes in blood volume distribution and the release of vasoactive
substances, may cause cardiopulmonary manifestations known as hepatopulmonary
syndrome (HPS), portopulmonary hypertension (PPH) and cirrhotic cardiomyopathy.



44

An association between liver disease and pulmonary disorders is common in
patients with chronic liver disease. In the last 15 years, specific pulmonary vascular
changes associated with liver disease and / or portal hypertension have been
subjected to further investigation (.

The respiratory tract is a major target of oxidative damage caused by both

@9 The reactive species produced by

endogenous and exogenous processes
phagocytes are the major cause of tissue damage associated with chronic
inflammatory lung disease. The involvement of oxidative stress in lung injury
leads to increased levels of markers of lung injury and proinflammatory cytokines
(i.e., IL-1B, IL-6 and TNF-a) ©. The development of cirrhosis is often associated
with oxidative stress 7).

Carbon tetrachloride (CCls), a potent hepatotoxin, is capable of
reproducing hepatic cirrhosis via the generation of free radicals and reactive
species from the resulting metabolic changes via the enzymatic complex
cytochrome P-450 ®. For many vyears, it has been accepted that free radicals
generated from CCls, as trichloromethyl (CCl3) and trichloromethyl peroxyl
(*O0CCI;), affect the hepatocyte, causing morphological changes involving the
endoplasmic reticulum, Golgi apparatus, plasma membrane and mitochondria of
the affected cells ). The objective of this study was to investigate the liver and
lung in an experimental model of liver cirrhosis caused by carbon tetrachloride

with two different durations of administration.
Materials and Methods

Animal Model

We used 18 male Wistar rats weighing between 200 and 250 grams obtained
from FEPPS (State Foundation for Health Research and Production). The animals
were randomly divided into three groups: a control (CO) and two experimental
groups. The experimental groups were divided according to the time of the
administration of CCI4; in group 1 (G1) the administration of CCl, lasted for 11
weeks, whereas in group 2 (G2), the duration was 16 weeks. During the experiment,
the animals were kept housed in the Unit of Experimental Animal Research Center of
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the Hospital de Clinicas de Porto Alegre using a twelve-hour light / dark cycle (light
from 7 to 19 hours) and 22 + 2*C. The access to feed was controlled, and
phenobarbital was added to the drinking water of the animals (0.3 g/l) to serve as an
enzyme inducer to potentiate the effect of CCls . The control group (CO) received a
0.5 ml intraperitoneal (ip) injection of mineral oil, whereas the experimental group
received (0.5 ml / kg ip) CCl, diluted in mineral oil at a ratio of 1:6 (%,

All procedures of the study were performed according to the parameters
established by the Ethics and Research of Hospital de Clinicas de Porto Alegre and
the animal care followed the recommendations by of the "Principles of Laboratory
Animal Care" guidelines of the National Society for Medical Research as well as the
"Guide for the Care and Use of Laboratory animals" published by the National
Institutes of Health "), To induce death, the animals were anesthetized with xylazine
(50 mg/kg body weight) and ketamine (100 mg/kg body weight body), both of which
were intraperitoneally administered. On the day of death, blood samples for the liver
function tests were collected via the retro-orbital plexus 2.

After, the abdominal region was shaved, a midline laparotomy was performed

to collect blood from the abdominal aorta for arterial blood gas analysis.

Serum biochemical analysis

Blood samples taken from the retro orbital plexus were used to assess the
levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT) and
alkaline phosphatase (AP) expressed in IU/L. These levels were measured according
to routine laboratory techniques used at the Hospital de Clinicas de Porto Alegre
(HCPA).

Organ weight ratios (organ weight / body weight x 100)
The organs were weighed, and the weight of the liver was used to determine
the hepatosomatic ratio. The lung weight was used to determine the pneumosomatic

ratio.
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Histological analysis

For histological examination, a piece of the liver and lung from all animals
were trimmed and fixed by immersion in 10% buffered formalin for 24 hours. The
blocks were dehydrated in a graded series of ethanol and embedded in paraffin wax.
Serial 3-mm sections were stained with hematoxylin and eosin. Five sections from
each sample were analyzed by two independent pathologists who had no prior

knowledge of the animal groups.

Sample preparation and the analysis of oxidative stress

Lung and liver homogenates were prepared by adding 9 ml of phosphate
buffer (140 mM KCL, 20 mM phosphate, pH 7.4) per gram of tissue. The tissue
homogenate was centrifuged in a refrigerated centrifuge (SORVALL RC-5B
Refrigerated Superspeed Centrifuge) for 10 min at 3000 rpm (1110 xg). The
precipitate was discarded, and the supernatant was stored at -80°C for subsequent

tests.

Lipoperoxidation

Oxidative stress was determined by measuring the concentration of aldehydic
products using thiobarbituric acid reactive substances (TBARS). The
spectrophotometric absorbance of the supernatant at 535 nm was determined, "

and the values were expressed in nmol / mg protein.

Superoxide Dismutase

Cytosolic superoxide dismutase (SOD) (EC 1.5.1.1) was assayed at 30°C
according to the method of Misra and Fridovich %, The auto-oxidation rate of
epinephrine, which is progressively inhibited by increasing amounts of SOD in the
homogenate, was spectrophotometrically monitored at 560 nm and expressed as U /
mg / protein. The amount of enzyme that inhibited 50% of epinephrine auto-oxidation

was defined as 1 U of SOD activity.
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Catalase

Catalase activity was determined by measuring the decrease in absorption at
240 nm in a reaction medium containing 50 mM phosphate buffer saline (pH 7.2) and
0.3 M hydrogen peroxide ®. The enzyme activity was spectrophotometrically

assayed at 240 nm, and the values were expressed in pmol / mg protein.

Arterial blood gas analysis

We collected blood from the abdominal aorta to measure the gas exchange of
the arterial blood (PaO. - partial pressure of arterial oxygen, PaCO, - partial pressure
of arterial carbon dioxide pressure and SaO,/Hb - oxygen saturation of hemoglobin) ,

Laboratory tests were performed at the Hospital de Clinicas de Porto Alegre (HCPA).

Tumor necrosis factor alpha

The concentration of TNF-a (tumor necrosis factor alpha) in the lung tissue
was determined by Western blotting. The electrophoresis protocol was performed
according to Laemmli et al., (1970) ), and the blotting technique was performed as
described by Towbin et al, (1979) . The results were monitored using a
constituent protein marker (beta actin - Sigma ®). The results were quantified using
the program 1D Lablmage (Loccus Biotechnology) and were expressed in arbitrary

units.

Interleukin 1 beta

The concentration of IL-1B (interleukin 1 beta) in the lung tissue was
determined by immunohistochemical analysis. The recovery of antigen was
performed using citrate buffer at 100 ° C, and endogenous peroxidase activity was
blocked by incubation with absolute methanol containing 3% hydrogen peroxide at
room temperature. The slices were sequentially pre-incubated with 10% rabbit serum
at room temperature to block possible undesired reactions of the secondary antibody.
The slides were incubated with polyclonal rabbit IL-18 (Santa Cruz Biotechnology,
Santa Cruz, CA) overnight at 4 °C followed by incubation with the secondary
antibody (biotinylated anti-rabbit IgG, Vector Laboratories, Burlingame, CA) for one hr

at room temperature. After sixty minutes at room temperature, the slides were treated
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with the reagent EnVision and then washed three times with hydrogen peroxide
(PBS). Nuclei were counter stained with hematoxylin. The primary antibody was
diluted in PBS containing bovine serum albumin as a negative control. The results
were evaluated without prior knowledge of the groups using a microscope equipped
with a digital camera to capture images using the Image-Plus software (Media
Cybernetics, Bethesda, USA).

Statistical Analysis

The collected data were stored in Excel, and the statistical analyses were
performed using the GraphPad InStat program. The results are expressed as the
mean + SD. Data were compared using an analysis of variance (ANOVA), and when
the analysis indicated the presence of a significant difference, the means were
compared using the Student Newman Keuls test. A significance level of p<0.05 was

used.

Results and Discussion

In our study, we used two different durations of CCl, induction. As in other
studies by our group, we observed that the CCls-induced animals were cirrhotic from
the 10th week of the treatment. Induction with CCl; has been used as a model for
mimicking liver cirrhosis due to its potent hepatotoxic effect, which causes necrosis
and steatosis. Prolonged administration leads to liver fibrosis, cirrhosis and
hepatocellular carcinoma. The CCl, acts directly on hepatocytes by means of
changes in mitochondrial membrane permeability. This model has been widely used
to elucidate the pathogenesis of cirrhosis ('® 19,

In this study, AST, ALT and ALP were significantly increased in the cirrhotic
groups relative to the CO group (Table 1). CCl, causes liver damage and increases
the serum levels of liver transaminases, which are well-known markers of liver injury.
The release of large amounts of liver enzymes in the bloodstream is associated with
a loss of integrity with consequent tissue apoptosis and the necrosis of hepatocytes.
Thus, enzymes are eventually released into the circulation following cellular damage,

therefore resulting in higher enzyme levels 9.
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High hepatosomatic and pneumosomatic ratios were observed, and although
these changes were not significant, several studies have reported an increase in

cirrhotic animals, (Table 1) %22,

Table 1 - Enzymes Liver Health and Relationships

(of0) G1 G2
AST (U/L) 102.40+15.04 605.66+220.93* 308.78+65.11*
ALT (U/L) 40.2+7.98 772.5+271.20* 252.66+35.43*
FA (U/L) 96.4+29.6 124.86+16.87 206.50+44.48*
Rel. Hepatosomatic (%) 3,288+0,490 3,41+0,50 4,81+0,37
Rel. Pneumosomatic (%) 0,354+0,04 0,4+0,03 0,62+0,04

CO: control; G1: 11 weeks group; G2: 16 weeks group. AST: Aspartate
aminotransferase, ALT: Alanine aminotransferase; FA: Alkaline Phosphatase; Rel:
hepatosomatic ratio (organ weight / body weight x 100) pneumosomatic ratio (organ
weight / body weight x 100); The results represent the mean + SD. ~ Significant
difference between groups CCl, and group CO. * p <0,05.

According to assessment of hepatic lipid peroxidation by TBARS, G1 and G2
showed increases of 238% and 262%, respectively, relative to the CO group. In the
evaluation (TBARS) of the lung, the G1 group showed an increase of 1423%, and
group 2 showed an increase of 6452% with respect to the CO group (Figures 1 and
2).

The increase in lipid peroxidation products evaluated by TBARS, including
MDA and other aldehydes, demonstrates a loss of structure and cell membrane
integrity. An increase in TBARS contributes to the deterioration of the liver tissue, as

shown in other experimental models of liver injury induced by xenobiotics (% 232),



50

TBARS - LIVER

o
w

X}

Py
(2]
—

{(nmol/mgprot.)

=1
[=.]

co G1 G2

Figure 1: Average TBARS values in the livers of different groups. CO: control; G1: 11
weeks group; G2: 16 weeks group. The results represent the mean + SD. a)
Significant difference between groups G1 and group CO (p <0.01). b) Significant
difference between groups G2 and CO (p <0.001).
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Figure 2: Average TBARS values in the lungs of the different groups. CO: control;
G1: 11 weeks group; G2: 16 weeks group. The results represent the mean = SD. a)
Significant difference between groups G1 and CO (p <0.01). b) Significant difference
between groups G2 and G1 (p <0.001). C) Significant difference between groups G2
and CO (p <0.001).

The liver SOD examination showed a significant increase in group G2 of 203%
relative to the CO group. A 141% higher SOD level was observed in G2 relative to
G1. The evaluation of SOD in the lung showed significant differences, with 138% and
144% higher values in G2 relative to CO and G1, respectively (Figures 3 and 4).
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Figure 3: Average SOD values in the livers of the different groups. CO: control; G1:
11 weeks group; G2: 16 weeks group. The results represent the mean + SD. a)
Significant difference between the CO and G2 groups (p <0.001). b) Significant
difference between the G1 and G2 groups (p <0.01).
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Figure 4: Average values of SOD in the lungs of the different groups. CO: control; G1: 11 weeks
group; G2: 16 weeks group. The results represent the mean = SD. a) Significant difference between
the CO and G2 groups (p <0.05). b) Significant difference between the G1 and G2 groups (p <0.05).

In the evaluation of the CAT enzyme in the liver, we observed 381% and
328% higher values in G2 compared to the CO and G1 groups, respectively. In the
lung tissue, the same trend was observed, where G2 were 298% and 386% higher,

respectively, compared to CO and G1 groups (Figures 5 and 6).
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Figure 5: Average CAT enzyme values in the livers of the different groups. CO:
control; G1: 11 weeks group; G2: 16 weeks group. The results represent the mean +
SD. a) significant difference between the G2 and CO groups (p <0.001). b)
Significant difference between the G1 and G2 groups (p <0.001).
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Figure 6: Average CAT enzyme values in the lungs of the different groups. CO:
control; G1: 11 weeks group; G2: 16 weeks group. The results represent the mean +
SD. a) Significant difference between the G2 and CO groups (p <0.001). b)
Significant difference between the G1 and G2 groups (p <0.001).

One of the final products of lipid peroxidation is malondialdehyde (MDA),
which activates the production of collagen, leading to subsequent fibrosis. In our
study, we found an increase in TBARS concomitant with an elevation in free radical

scavenger enzymes such as SOD and CAT. This result fact characterizes the
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protective role of these enzymes in biological systems for minimizing oxidative stress
(10)

As shown in Table 2, the PaO, values were significantly reduced in G2 when
compared G1 and CO (p <0.05), although the changes in the SpO, and PCO, values
were not significant.

These changes in the arterial blood gas composition suggest that this model
alters gas exchange. Previous studies have reported that chronic liver diseases,
especially cirrhosis, may be associated with arterial hypoxemia, which includes a
combination of changes in the ventilation-perfusion mismatch and intrapulmonary
shunts by vascular dilation .

It is also known that liver cirrhosis impairs gas exchange and allows the
emergence of intrapulmonary shunting, resulting in hypoxemia and the appearance
of symptoms such as fatigue and dyspnea ®. In addition, patients who have lower

PaO, levels have oxidative stress levels, which can be observed in our study.

Table 2 - Values of Arterial Blood Gases Analysis

co G1 G2
PaO2 (mmHg) 102.42+18.69 103.20+7.38 81.4+8.82*
PCO; (mmHg) 48.12+5.66 49.3+10.07 56.8+13.76
SatO2 (%) 96.68+2.01 95.9+0.03 90.2+13.40

CO: control; G1: 11 weeks group; G2: 16 weeks group. Arterial oxygen pressure (PaO;) Partial
Pressure of Carbon Dioxide (PCO,), oxygen saturation (SpO,). The results represent the mean + SD.
Significant difference between groups CCl, and CO. * p <0,05

Some of the pathophysiological mechanisms that may explain the observed
inefficient pulmonary gas exchange in patients with cirrhosis may occur because
patients with cirrhosis have low pulmonary vascular tone characterized by a poor or
absent hypoxic response, which results in a marked dilation of the pulmonary

vasculature. Thus, this abnormal pulmonary vascular tone independent of airway
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disease causes changes in the ventilation / perfusion (V / Q), leading to mild to
moderate hypoxemia 7).

The histology of the liver cirrhotic animals showed steatosis, ballooning
degeneration, fibrosis and necrosis; similar characteristics were not observed in
animals of group CO (Figure 7), thereby confirming the liver transaminases results,

which were found to be elevated in our model.

Figure 7: Photomicrograph of liver tissue (20x). CO: control; G1: 11 weeks group;
G2: 16 weeks group. Hematoxylin and eosin (HE).

The histological examination of the lung tissue (Figure 8) showed a decrease
in the lumen of the pulmonary vessels, which suggests that the thickness of the
vessel wall became thicker by increasing the intrapulmonary pressure in the vessels.
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Figure 8: Photomicrograph of lung tissue (100x). CO: control; G1: 11 weeks group;
G2: 16 weeks group. pm: microns. Hematoxylin and eosin (HE).

Previous studies have presented the hypothesis that humoral factors derived
from the splanchnic circulation, which would normally be metabolized in the liver,
reaches the pulmonary circulation due to portosystemic shunts and liver failure.
These substances modify the endothelial cell function and promote vasoconstriction,
thrombosis, and mitogenic activity in the pulmonary circulation %% 29,

The inflammatory process can also be triggered by MDAs that active cytokines
such as TNF-a, interleukin-8, and interleukin-6 ©%. The analysis of TNF-a in the lung
tissue showed an increased expression in G2 compared to CO, as shown in Figure 9.

Several authors have shown that stellate cells are related to hepatic fibrosis
and act on the fibrogenic cytokine by transforming growth factor beta (TGF-3), TNF-
a, the platelet-derived growth factor (PDGF) and other factors. These cells
differentiate into myofibroblasts and fibroblasts, activating the synthesis of the
elements of the matrix (e.g., collagen, elastin, proteoglycans and proteins of
incorporation) ®". TNF-a is a proinflammatory cytokine that participates in the
immune response and mechanisms of tumors. TNF-a is involved in all stages of liver

damage and also directly induces the apoptosis of hepatocytes and participates in
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the activation of stellate cells, contributing to the development of hepatic fibrosis (32,
33)
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Figure 9: The expression of tumor necrosis factor (TNF-a) in the lungs of the
different groups. CO: control; G1: 11 weeks group; G2: 16 weeks group. The results
represent the mean + SD. a) A significant difference between groups G2 and CO (p
<0.001). b) Significant difference between groups G1 and G2 (p <0.001).

In addition to the contribution of TNF-a in liver fibrosis, experimental and
clinical studies have reported that changes in IL-1, IL-8 and TNF-a levels due to lung
injury and apoptosis by macrophages play an important role in the development of
lung fibrosis ®* %) We also found increased expression of IL-18 in our cirrhotic
groups, as shown in Figure 10.

It is known that IL-1B plays a role in pulmonary fibrosis. The mechanism of IL-
1B binding to fibrosis in certain diseases is uncertain but involves TGF-/smad3-
dependent stimulation. In our study group, G2 differed from the other group,

suggesting that one of the factors responsible for fibrosis was presented in this group
(36)
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Figure 10: The expression of Interleukin-1B in the lungs of the different groups. CO:
control; G1: 11 weeks group; G2: 16 weeks group. The results represent the mean +
SD. a) Significant difference between G2 and CO (p <0.001). b) Significant difference
between groups G1 and G2 (p <0.001).

The involvement of free radicals and the action of inflammatory cytokines was
involved in the response of the etiologic factor that triggered the changes produced in

the model of cirrhosis.

Conclusions

Our two times of CCls administration in our study (G1 and G2) reproduced the
liver cirrhosis, although G2 showed the greatest changes in both the liver and lung,
i.e., alterations in gas exchange, a further reduction in the lumen of the pulmonary
vessels, and higher levels of cytokine expression. Future studies should attempt to
elucidate the mechanisms involved in the CCl; model to study the pulmonary

complications resulting from liver cirrhosis, including portopulmonary hypertension.
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CONSIDERAGOES FINAIS

O modelo experimental de cirrose hepatica, pela utilizacdo de tetracloreto de
carbono intraperitonealmente, é reconhecido como modelo experimental capaz de
reproduzir as alteracdes clinicas observadas na cirrose hepatica em humanos. A
disponibilidade de um modelo animal para estudo dos mecanismos envolvidos no
desenvolvimento da cirrose é de suma importancia para o entendimento dos
mecanismos fisiopatologicos da doenga. Além do que, atualmente, ndo existem
terapias eficazes para o tratamento da cirrose hepatica, sendo o unico tratamento de
sucesso o transplante de figado.

Pelos dados obtidos em nosso estudo, concluiu-se que a administragao de

CClyintraperitonealmente:

Aumentou os niveis das enzimas seéricas hepaticas (AST, ALT e FA) nos

grupos cirréticos, demonstrando dano hepatico.

e Aumentou a lipoperoxidagdo no tecido hepatico e pulmonar (TBARS),
demonstrando que os animais cirréticos encontram-se em processo de
dano oxidativo.

e Aumentou a atividade das enzimas antioxidantes hepaticas e pulmonares
(SOD e CAT), o que demonstra uma tentativa do sistema antioxidante de
minimizar o dano oxidativo ocasionado pelo modelo.

e Reduziu os valores de PaO, e, embora nao significativamente, aumentou
os valores de PCO; e reduziu a SatO,, o que demonstra haver alteragao
nas trocas gasosas nos animais cirroticos.

e A histologia hepatica demonstrou a presenca de: esteatose, balonizagéo,
fibrose e necrose, confirmando os danos sugeridos pelas analises das
enzimas séricas hepaticas.

e A histologia do tecido pulmonar demonstrou a presencga de: redugao no

lumen dos vasos pulmonares nos animais cirréticos, confirmando os danos

sugeridos pela gasometria arterial.
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e Aumentou a expressédo do TNF-a no tecido pulmonar do grupo G2.

e Aumentou a expresséao de IL-1B no tecido pulmonar dos animais cirréticos.

Nossos dois tempos de estudo (G1 e G2) reproduziram a cirrose hepatica,
porém o grupo G2 foi o que provocou as maiores alteragdes tanto a nivel hepatico
quanto pulmonar, provocando alteragdo nas trocas gasosas, maior redugao no
lumen dos vasos pulmonares, além de apresentar valores de expressao de citocinas
mais elevados, assim as alteracbes apresentadas pelo modelo merecem maiores
investigacdes, devido ao fato de que estas caracteristicas podem estar presentes na

Hipertensédo Portopulmonar.



PERSPECTIVAS FUTURAS

A partir das evidéncias apresentadas, o fato nos estimula a maiores
investigacdes, havendo a necessidade do seguimento de estudos mais avangados
sobre as complicagbes da cirrose hepatica experimental (principalmente a
hipertensdo portopulmonar), tanto a nivel pulmonar a fim de aproximar cada vez
mais nossos estudos a realidade clinica.

Do mesmo modo, poderiamos investigar também o envolvimento de fatores
de transcrigdo, bem como de outras citocinas envolvidas no processo de
desenvolvimento e complicagdes pulmonares da cirrose.

Objetivamos prosseguir com investigagdes sobre as complicagdes da cirrose,
focando o sistema pulmonar, além de outros sistemas como o muscular e o

cardiaco.



ANEXOS
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ANEXO A - Producéo cientifica durante a vigéncia do mestrado

PARTICIPAGAO EM PROJETOS DE PESQUISA:
2011-2012: O efeito da administragdo de sildenafil em modelo de cirrose induzida
por tetracloreto de carbono.

Descrigcao: Desenvolver um modelo de cirrose hepatica induzida por CCl4 em
ratos e analisar o efeito do Sildenafil sobre o sistema hepatico e pulmonar dos ratos
controles comparados com os tratados com o respectivo farmaco. Situacdo: Em
andamento.

2011-2012: Alteragdes Respiratérias e Musculares na doenga hepatica: um estudo
experimental.

Descricdo: Desenvolver um modelo de cirrose hepatica induzida por CCly em
ratos e analisar as alteracbes hepaticas, musculares e pulmonares decorrentes do
modelo e verificar o efeito do exercicio crénico sobre estes sistemas. Situagdo: Em
andamento.

2009 - 2011: Hipertensdo Portopulmonar uma complicagdo da cirrose: um estudo

experimental. Situagdo: Em andamento.

APRESENTAGCAO DE TRABALHOS EM CONGRESSOS:

1) FERRARI, R. S., da Rosa, D. P., Dias, Alexandre S., MARRONI, N.P.
Alteracbes Hepaticas, Pulmonares e Estresse Oxidativo Decorrentes da
Indugdo da Cirrose em Modelo Experimentais, 2012. Local: Rio de Janeiro;
Evento: XVI Simpédsio Internacional de Fisioterapia e Respiratéria e
Flsioterapia em Terapia Intensiva.

2) FERRARI, R. S., da Rosa, D. P., DIAS, A. S., MARRONI, N.P.

Avaliagdo Gasomeétrica, Ecocardiografica e Estresse Oxidativo em Modelo
Experimental de Cirrose, 2012. Local: Rio de Janeiro; Evento: XVI Simpdsio
Internacional de Fisioterapia e Respiratoria e Fisioterapia em Terapia
Intensiva.

FERRARI, R. S., da Rosa, D. P., Dias, Alexandre S., MARRONI, N.P.
Gasometric, Ecocardiographic and lipoperoxidation evaluation in experimental
model of cirrhosis in rat, 2012. Local: Porto Alegre; Evento: WORKSHOP
CELL STRESS; Inst.promotora/financiadora: Cell Stress Society International.

3) Ferrari, RS; da Rosa, DP; Forgiarini, LF; Dias, AS; Marroni, NP. Alteragcbes
Caracteristicas da Hipertensdo Portopulmonar (HPP): Avaliagdo em um
modelo experimental. Dados preliminares 2011. Local: HCPA; Cidade: Porto
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Alegre; Evento: 312 Semana Cientifica do HCPA; Inst.promotora/financiadora:
Hospital de Clinicas de Porto Alegre.

Ferrari, RS; da Rosa, DP; Dias, AS; Silveira, TR; Marroni, NP. Alteracdes
Caracteristicas da Hipertensao Portopulmonar (HPP): Avaliagdo em um
modelo experimental. Dados preliminares. 2011. . Local: Pestana Bahia Hotel;
Cidade: Salvador /BA; Evento: XXI Congresso Brasileiro de Hepatologia 2011;
Inst.promotora/financiadora: SBH Sociedade Brasileira de Hepatologia.
Ferrari, RS; da Rosa, DP; Dias, AS; Marroni NP. Alteracbes Hepaticas e
Estresse Oxidativo em Modelo Experimental de Cirrose Hepatica induzida por
Tetracloreto de Carbono. 2011. Cidade: SANTA MARIA/RS; Evento: Vi
Jornada Gaucha de Fisioterapia Cardiorrespiratoria e Fisioterapia em Terapia
Intensiva da ASSOBRAFIR.

Chaves, RFL; Ferrari, R. S; da Rosa, DP; Marroni, NP; Dias, AS. Alteracdes
ecocardiograficas e gasométricas em um modelo experimental de cirrose
hepatica através da utilizacdo de tetracloreto de carbono. 2011. Cidade:
SANTA MARIA/RS; Evento: VIII Jornada Gaucha de Fisioterapia
Cardiorrespiratéria e Fisioterapia em Terapia Intensiva da ASSOBRAFIR.
Silvia Bona, Di Naso F. C., FILIPPIN, L., FERRARI, R. S., FILLMANN, H.,
MARRONI, N.P. A quercetina reduz a fibrose e restabelece o estado redox
em figados de ratos cirréticos, 2010. Cidade: Porto Alegre; Evento: XXI
Congresso da Associacdo Latino Americana para o Estudo do Figado;
Inst.promotora/financiadora: Associacao Latino-Americana para o Estudo do
Figado (ALEH).

Silva MBE; Ferrari RS; da Rosa, DP; Dias, AS; Alba, RD; Marroni, CA;
Marroni, NP. Alteracbes Caracteristicas da Hipertensao Portopulmonar (HPP):
Avaliagcdo em um modelo experimental. Dados preliminares. 2010. Local:
ULBRA- CANOAS; Cidade: CANOAS; Evento: X Forum de Pesquisa, XVI
Salao de Iniciacao Cientifica.

Ferrari RS; da Rosa, DP; Forgiarini, LF; Dias, AS; Marroni, NP. Alteragbes
Caracteristicas da Hipertensao Portopulmonar (HPP): Avaliagdo em um
modelo experimental. Dados preliminares. 2010. Cidade: PORTO ALEGRE;
Evento: | Salao de Pesquisa em Pés Graduagao da UFRGS.

PREMIOS:

3° Lugar como tema livre na VI Jornada Gaucha de Fisioterapia

Cardiorrespiratoria pela ASSOBRAFIR, 2011. (Santa Maria)

2° Lugar como tema livre em Pdster no Congresso Carioca de Fisioterapia.

2010. (Rio de Janeiro)

PARTICIPAGAO EM CURSO DE INICIAGAO CIENTIFICA:

FERRARI, R. S. Curso de Iniciagao Cientifica (ULBRA). 2011.
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ORGANIZAGAO DE EVENTOS:

1. XVI Simpésio Internacional de Fisioterapia Respiratoria e Fisioterapia
em Terapia Intensiva. 2012. (Congresso realizado RJ).

2. Curso de Iniciacao Cientifica. 2011.

3. XV Simpdsio Internacional de Fisioterapia Respiratéria e Fisioterapia

em Terapia Intensiva. 2010. (Congresso realizado no RS).
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ABSTRACT

Purpose: To evaluate lung and liver changes in two experimental models using
intraperitoneal carbon tetrachloride (CCls) and bile duct ligation (BDL). Methods:
Twenty-four male Wistar rats were divided into a control (CO) and an experimental
(EX) group. We evaluated liver transaminases (AST, ALT, AP), arterial blood gases
(PaO,, PCO, and SpOy;) and lipid peroxidation by TBARS (substances that react to
thiobarbituric acid) and chemiluminescence (CL). We also evaluated the antioxidant
enzyme superoxide dismutase (SOD) and histology of lung tissue and liver. Results:
There were no significant differences in AST, ALT, ALP and PaO, between CO and
EX groups (p<0.05). The levels of TBARS, QL and activity of SOD were increased to
different degrees in the CO CCl4 groups and in the EX BDL (p<0.05, respectively).
On lung histology, an increase in the wall thickness of the pulmonary artery and a
diameter reduction in the CCls animal model were observed: comparing CO with EX,
we observed a reduction in thickness and an increase in the diameter of the artery
wall lung. Conclusion: Both experimental models have caused liver damage and
alterations in the artery wall that are associated with major changes in pulmonary gas
exchange.

Key words: Liver, Rats, Animal Models of Diseases

INTRODUCTION

Fibrosis is an important process that results from hepatic injury and chronic
disease process. Both of these causes can have common etiologies that can
contribute to the onset of cirrhosis.

Cirrhosis is considered to be the most advanced stage of tissue fibrosis and is
characterized by the disruption of hepatic parenchyma, the appearance of the septa
and fibrotic nodules, changes in hepatic blood flow and a risk of liver failure.?

Cirrhosis can be caused by altered vascular tissue, which causes a shift in the
supply of blood and portal blood flow directly to the liver (central vein). The altered
vascular tissue compromises the hepatic sinusoids and hepatocytes. Some of the
circulatory changes found in cirrhosis are splanchnic vasodilatation, vasoconstriction
and renal hypoperfusion, salt and water retention and increased cardiac output,
which are all closely linked to vascular disease of the liver that may cause portal
hypertension.®*

Portopulmonary hypertension (PPH) is a relatively rare complication occurring in
cirrhosis, and its prevalence is high in patients with refractory ascites. PPH is mostly
likely caused by excessive pulmonary vasoconstriction and factors such as
transforming growth factor betal (TGF-B1).° However, we do not have a perfect
experimental model for the study of PPH, making the discovery of effective
substances that can reduce and even prevent the progression of the disease
impossible. Developing an experimental model is be very useful, as such a model
could lead to substantial cost savings in treatment.
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Carbon tetrachloride (CCl;) can be applied both intraperitoneally and by
inhalation. CCl, induces fibrosis liver cirrhosis and may be used for the study of PPH.
The signals observed in the CCl, liver injury model are similar to those found in
cirrotic patients.® The CCl, trichloromethyl radical is converted to (e¢CCLj3) and
trichloromethyl peroxide (*OOCCI3;). The CCl, trichloromethyl radical has been
described as causing hepatotoxic effects such as fibrosis, steatosis, necrosis and
hepatocellular carcinoma’®

Bile duct ligation is another experimental model related to secondary biliary
cirrhosis because it causes cell proliferation, hepatocellular necrosis, apoptosis,
activation of stellate cells, and finally the formation of liver fibrosis and cirrhosis. This
model has been described by our group as causing Experimental Hepatopulmonary
Syndrome.%1°

Given the complications of cirrhosis, the aim of this study was to evaluate two
types of pulmonary and hepatic injury that cause liver cirrhosis, a CCl4 model and a
BDL model, to evaluate which model can best reproduce characteristics found in
PPH.

METHODS:
Animals and experimental groups

We used 24 male Wistar rats (average weight 250 g), purchased from the Center
for Reproduction and Laboratory Animal Experimentation (CREAL), Federal
University of Rio Grande do Sul (UFRGS). The animals were housed in plastic cages
(47x34x18 cm) and maintained in light/dark cycles of 12/12 hs with a controlled
temperature (20-25 °C) and ad libitum access to food and water. All of the
procedures followed the parameters established by the Ethics and Research of
Hospital de Clinicas de Porto Alegre, and all of the animals received care according
to the "Principles of Laboratory Animal Care" formulated by the National Society for
Medical Research and the "Guide for the Care and Use of Laboratory Animals”
published by the National Institutes of Health (NIH publication 86-23, revised 1985).

The animals were randomly divided into 4 groups, an experimental and a control
group (CO), for each of the two models used in the study, intraperitoneal Carbon
tetrachloride (CCl4) and bile duct ligation (BDL):

» CCl4-CO (animals that received only phenobarbital in drinking water);

» CCl4-EX (animals that received phenobarbital in drinking water one week before
starting the injections of CCl, inductions + ip);

* BDL-CO (animals that underwent laparotomy and only manipulation of the duct
biliar).

* BDL-EX (animals subjected to BDL).

Experimental Procedures:
To develop the CCls model, we used the standard recommended by Pavanato

et al." Phenobarbital was added to the drinking water of animals (0.3 ml/dl), serving
as an enzyme inducer to potentiate the effect of CCl,."
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To develop the BDL model, we followed the standard described by Kontouras
et al.” where, after the experimental procedures, the animals were caged individually
for a period of 28 days.

When sacrificing animals from either group, the animals were anesthetized
with xylazine (50 mg/kg body weight) and ketamine (100 mg/kg body weight), both
administered intraperitoneally. Post mortem, blood samples were collected via retro-
orbital plexus for liver function analysis."

After the abdominal region was shaved, a laparotomy was performed to collect
blood from the abdominal aorta for arterial blood gas analysis. After collection of
blood samples, the animals were sacrificed with an "overdose" of anesthetics.
Histology: For histological analysis of the lung, a fragment of the right lower lobe
was collected for histological analysis, and a fragment of the liver was removed from
the right hepatic lobe. The tissues were cut and fixed by immersion in 10% buffered
formalin for 24 hours. The remainders of lung and liver were immediately frozen in
liquid nitrogen and stored at -80 ° C for later analysis.

Integrity Liver Enzymes: Blood samples taken from the retro-orbital plexus were
used to assess the levels of aspartate aminotransferase (AST), alanine
aminotransferase (ALT), and alkaline phosphatase (AP) and were expressed in [U/L
and measured with routine laboratory methods in the Hospital de Clinicas de Porto
Alegre.

Determination of oxidative stress: The liver tissue and lung of each animal were
homogenized in phosphate buffer solution (140 mM KCI, 20 mM phosphate, pH 7.4)
and centrifuged at 3,000 rpm for 10 minutes. Lipid peroxidation was determined by
levels of thiobarbituric acid reactive substances (thiobarbituric acid reactive
substances - TBARS) mg/prot. read at 535 nm. For the determination of
chemiluminescence (CL), 0.5 ml of homogenate was added to 120 mM KCI, 30 mM
phosphate buffer, pH 7.4, and 3 mM tert-butyl hydroperoxide at 30 ° C and analyzed
for chemiluminescence in a counter liquid scintillation expressed as cps/mg/prot. 4,15
Superoxide Dismutase Enzyme Activity: The activity of the antioxidant enzyme
superoxide dismutase (SOD) was determined by quantifying the oxidation of
adrenaline to adrenochrome according to Misra and Fridovich and was expressed in
U/mg/prot.™

Statistical analysis: The results were expressed as mean + standard error. Data
were compared by analysis of variance (ANOVA), and if the analysis indicated a
statistically significant difference, we used a post hoc Student Newman-Keuls test.
The statistical significance level was set at p<0.05. The Statistical Package for Social
Sciences, version 13.0 (SPSS Inc., Chicago, IL, USA), was used.

RESULTS

Activity of transaminases. Table 1 indicates a significant difference between the
CCl4 and CCl4-CO-EX groups and between BDL and BDL-CO-EX in serum AST, ALT
and AP, which were higher in the experimental groups compared to the controls
(p<0.05). Arterial blood gas analysis. To verify changes in gas exchange, we
performed arterial blood gas analysis (Table 1) in which the variables PaO, (mmHg),
PCO,; (mmHg) and SpO, (%) showed changes in both experimental models. We can
see that the animals belonging to the experimental groups (CCls-EX and BDL-EX)
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showed significant differences when compared to their respective controls (p<0.05).
Only the variable PCO, showed no significant difference between the CO and EX
animals in the BDL model.

Tahle 1 — Activity of transaminases and arterial blood gas analysis

“Yariable CCly BOL
o Ex o Ex

AST (UL 119437 407 +2591 169+107 345+148
ALTIUL) 3947 3306+1308 53+11 2134324
AP B7+20 307 485 116+45 355+45
Falsz (mmHg) 106 914220 B8 95+17 46 95 10+17 00 85 97 +14 A5
FaCO; (mmHg) 49 85+10,30 55 06+5 04 46 07 +7 03 41 40+12 58
Saly (%) 95 AE+3 53 86 B5+18 .71 95 52+1 B7 93 17+9 72

CCly Carbon tetrachloride; BOL: bile duct ligation; COccontral;, EX: Experimental; A5T: aspattate aminotransferase;
ALT:alanine aminotransferaze; AP alkaline phosphataze; PaCz Pressure Cuyvgen; PaCOz Carbon dioxide partial prezsuwre
Sadz oxyoen satuwration. Results expreszed a2 mean + standard devistion. *p=0,05 v, carresponding contral group

Markers of Oxidative Stress and Antioxidant Activity. Analysis of lipid
peroxidation in lung tissue (Table 2) it appears that TBARS as well as high QL in two
models are used in the study (p<0.05). Regarding the antioxidant enzyme SOD, a
significant increase (p<0.05) in both experimental models was observed compared to
control animals.

Tahle 2 — Evaluation of lipid peroxidation in the lung tissue (TBARS e 0OL) and antioxidant enzyme S0D.

Model TBARS QL s0D
(nmalfmadprot) (cpsfmgfprat) (Ifrmgdprat)
CCly
co 0,56+0,22 16764 204515 48 11,2444 59
Ex 1. 48+ 527 17797 204531 B5* 27T+ 25
BOL
co 0,835+0 16 16003 4141174 45 6 66+1,34
EX 19141917 20250 364827 52 16 06+2 7"

TBARS: thioharbituric acid reactive substances; QL chemiluminescence; S0D: superoxide distmutase; CO: Cantral;
EX. Experimental, Results expressed as mean + standard deviation. *p=0,05 ve. corresponding control group

Histology: On the photomicrograph of the lung tissue (Figure 1), we observed an
increase of 47.87 mM in wall thickness in the pulmonary artery model CCl; as
compared to the CO. However, when analyzing the histology of the pulmonary tissue
of the animal model BDL, we observed an increase of 69.67 mM in vascular diameter
when compared to controls. The photomicrograph of the liver (Figure 2) revealed the
presence of necrotic foci, fibrotic nodules, lymphocytic infiltration, steatosis and
cellular changes, suggesting that cirrhosis was present in the two models.
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Figure 1 - Histelogy of the Pulmonary Tissue

CCly

Phutumlcrugraph of the lung tissue in the models experimentals. a) CCL-CO;
h: CCU-EX; c BDL-CO, d: BDL-EX

Figure 2 — Histology of the Liver Tissue

WAL ccl, 32 S
Photomicrografh ofthe liver tissue in the models experimentals.

CCl+-EX:BDL-EX
DISCUSSION

In an attempt to develop a specific model for the study of PPH, we used two
experimental models developed in our laboratory that cause cirrhosis.
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The CCls; has been used to reproduce liver cirrhosis due to its potent
hepatotoxic effect in which a single dose of CCl, is associated with steatosis and
necrosis but a prolonged administration leads to liver fibrosis, cirrhosis and
hepatocellular carcinoma. CCl, acts directly on hepatocytes by changing the
permeability of the plasma and mitochondrial membranes. This model has been
widely used to elucidate the pathogenesis of cirrhosis."’

Secondary biliary cirrhosis is a chronic and diffuse liver disease that alters
intrahepatic or extrahepatic biliary function. The BDL model is used as an animal
model for secondary biliary cirrhosis and cirrhosis caused by progressive and fatal
damage to the liver. This model simulates the effects of the disease present in
humans, causing changes in the inflammatory reaction by leaking bile and the
subsequent disorganization of parenchymal inflammation, collagen deposition and
formation of fibrosis. 1%

Studies by Kontouras et al "™ showed that 15 days after bile duct ligation
(BDL), the metabolic and biochemical changes were not fully established. Thus, in
our experiment, the animals were sacrificed only after 28 days of BDL, when studies
confirmed liver cirrhosis.?"#

In this study, both the BDL and the CCIl, caused liver damage and elevated
serum levels of AST, ALT and ALP, which are commonly known to be markers of
liver injury. These changes in liver enzyme levels indicate a loss of tissue integrity
with consequent apoptosis and necrosis of hepatocytes. These enzymes are
eventually released into circulation after cellular damage, and this finding has been
reported in several studies using models of BDL and CCl,.?>242°

Patients who have secondary biliary cirrhosis exhibit hyperbilirubinemia due to
biliary obstruction resulting from liver damage and present results of liver function
tests in higher ranges for FA and aminotransferases. High levels of these enzymes
are largely caused by the necrosis of tissues that are rich in aminotransferases.””%

In the presence of liver cirrhosis, there is an increase in lipid peroxidation due to
the formation of reactive oxygen species and lipid peroxidation. Some authors report
that these phenomena determine the changes in the structures and cell membranes
by two mechanisms, covalent binding to macromolecules and cell action on lipids,
and that these two mechanisms are the result of the metabolism of CCls by
cytochrome P-450, which produces two radicals which are highly toxic and CCls
CCI30,++?" Additionally, reactive oxygen species (ROS) are involved in the BDL
model.

Cholestasis in the BDL model reduces the excretion of bile salts, causing the
retention of hydrophobic bile salts within hepatocytes and apoptosis and necrosis,
the destruction of liver parenchyma, which contributes to a redox imbalance, and the
formation of ROS. In addition, ROS cause oxidation of cellular proteins and extensive
damage to mitochondrial DNA and mitochondrial synthesis by liver damage 2 2°*°

When we evaluated lipid peroxidation in the two models of cirrhosis, animals in
the EX group had significantly higher values compared to those in the CO group, and
the level of TBARS and QL were elevated in the lung and liver in both groups. This
overproduction of ROS might occur in several pathophysiological situations and may
explain the finding that in our study, the levels of TBARS and QL were high.?2°

Physiological defense mechanisms are effective in preventing or counteracting
the damage caused by free radicals, which can include a set of endogenous
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antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT), and
glutathione peroxidase (GPx). The two models used in this study showed an increase
in lipid peroxidation in lung tissue and are likely to increase in response to an
increase of ROS in the SOD, which plays an important role in the balance of the
redox cell, as the catalyst free radicals are generated in an attempt to protect the
tissue against lesions.3"2%%

Arterial blood gas analysis is an indicator used to facilitate the evaluation of
trade gasosas.32 In our study, there was a significant difference between the
experimental and control groups with respect to arterial blood gasses. We found that
PaO, and SpO, were significantly lower in the CCls group. In the BDL model, the
values of SpO, were also reduced, although this did not reach statistical significance.

Approximately 85% of PPH patients show an increase in pulmonary vascular
resistance in the course of the disease, of which, 15% experience increases in their
pulmonary pressures that are caused by just a state of high flux.*

The relationship between arterial hypoxemia and PPH has received little
attention because PPH is a clinical problem that involves an altered hemodynamic
status. PPH patients exhibit arterial hypoxemia and arterial oxygenation that is
significantly worse when comparing liver transplantation candidates with normal
vascular resistance as determined by echocardiography Doppler.®*

In the BDL model, hypoxemia may be associated with bacterial translocation
occurring in 45-75% of cirrhotic animals whereby the induced hepatocellular damage
prevents adequate blood filtration and promotes the development of portosystemic
shunts; this phenomenon dramatically decreases the phagocytic ability of the liver,
and it also allows the entry of bacteria and endotoxins into the lung circulation.®

Furthermore, studies have reported arterial hypoxemia in BDL animals, which
contriglgtes to a reduction in the values of PaO, due to increased volume of lung
shunt.

The differences found in this study between the BDL and CCls; gas analyses
showed that regardless of etiology, animals with cirrhosis are hypoxemic because the
values of PaO, and SpO, were lower in both experimental models. This hypoxemia
might be triggered by the activation of macrophages as well as the presence of
cytokines and nitric oxide in the extracellular medium. Nitric oxide is a potent
vasodilator that promotes dilation of intrapulmonary vessels, leading to hypoxemia.
Nitric oxide may also be involved in the mechanisms that cause an imbalance
between the antioxidants and oxidants°
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Regarding photomicrographs of the lung tissue, the BDL model caused an
increase in diameter of arterioles of the lung tissue. This finding corroborates studies
reporting the increase of animals subjected to BDL.?" This result may be due to the
increased intrapulmonary shunt caused by liver injury leading to an accumulation of
blood in the body, which in turn dilates the arterioles of the lung tissue and releases
nitric oxide. In the CCl; model, the observed reduction of these structures can be
explained by the fact that cirrhotic CCl, animals had increased levels of ET-1 and
collagen deposition, promoting the reduction in thickness of lung tissue.

The histology of liver tissue revealed damage to liver cells and confirmed the
changes observed in biochemical analyses. The presence of necrotic foci, fibrotic
nodules, the infiltration of lymphocytes, and the fatty changes in liver cells are typical
characteristic after the induction of cirrhosis.>”*®

The two experimental models used in this study reinforce and confirm the onset
of liver damage and cirrhosis of the liver with consequent changes in gas exchange.
The BDL model is most often used to evaluate the Hepatopulmonary Syndrome
because it shows changes that are typical characteristic of the disease. The CCl,
model seems to be promising for the study of portopulmonary hypertension (PPH) as
well as cirrhosis and changes the thickness and diameter of the pulmonary artery
wall. More studies are needed to assess and investigate the specific mechanisms
involved in these changes.

CONCLUSION:

The model of hepatic cirrhosis caused by CCl; modifies the gas exchange,
increases the thickness of the pulmonary artery and reduces its diameter. The CCl,
model is a promising model for the study of PPH. The BDL model also causes
alterations in the lung and liver, reinforcing that is a reliable model of HPS.
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