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RESUMO

A fibrose hepatica é uma doenca que tem o seu desenvolvimento ligado ao
dano crénico no figado, sendo muitas vezes consequéncia de infec¢bes virais,
abuso alcodlico, toxinas, ou acumulo de metais. O dano crdnico no figado leva a
um processo inflamatério que pode resultar na perda do equilibro da sintese e
degradacdo de elementos de matriz extracelular, sendo a ativagdo das células
hepéticas estreladas um dos principais fatores responsaveis por iniciar 0 processo
fibrético. Geralmente, a progressédo da fibrose hepética, € detectada somente em
estagios avancados, podendo resultar no ultimo estagio de doencas crbnicas
hepéticas, conhecido como cirrose, com isso levando ao risco de insuficiéncia
hepatica. Atualmente, ndo existe um tratamento bem estabelecido, porém, se
busca primeiramente identificar e remover o agente causador do dano cronico e
utilizar juntamente terapias capazes de reduzir a ativacdo, proliferacdo ou até
mesmo induzir apoptose em células estreladas hepaticas. No entanto, moléculas
com efeito antioxidante tém mostrado efeitos significativos na diminuicdo do dano
por estresse oxidativo. Sendo assim, a busca por novos candidatos ao tratamento
da fibrose hepatica € necessaria, e para isso, a investigacdo de moléculas de
fontes naturais e renovaveis parece ser promissora, pois sabe-se que 0S
metabolitos secundarios de muitas espécies de plantas possuem potencial para o
desenvolvimento de novos farmacos. Dessa forma, o presente estudo investigou
os efeitos de dois tratamentos que possuem em comum, sua fonte de origem
natural e sua composicdo fitoquimica, composta principalmente por compostos

fendlicos. No primeiro estudo in vitro e in vivo, a molécula do metoxieugenol,



demonstrou efeito modulador em células hepaticas estreladas ativadas, reduzindo
seus marcadores de ativacdo (Col-1, a-SMA e TGF- €) e revertendo ao seu
fendtipo quiescente. Da mesma forma, o tratamento foi capaz de ativar o fator de
transcricdo PPAR-y, e quando na presenca do seu inibidor, GW9662, o efeito do
metoxieugenol foi suprimido, mostrando a interacdo da ativacdo de PPAR-y nos
efeitos observados. O efeito hepatoprotetor in vivo em camundongos foi
observado, atenuando o desenvolvimento da fibrose e diminuindo a ativacédo de
vias inflamatérias mediadas por NF-kB. No segundo estudo in vivo, o tratamento
com o extrato de Baccharis anomala DC. diminui o dano por estresse oxidativo
(TBARS e DCFH-DA), reduziu a ativacdo de genes pro inflamatorios (TNF-a, NF-
kB, IL-6 e iINOS) e protegeu o figado dos animais do desenvolvimento da fibrose.
Os principais componentes do extrato identificados por HPLC foram os acidos

fendlicos caféico, galico e cumarico.

Palavras chave: Compostos fendlicos, fibrose, fitoquimicos, doencas hepaticas.



ABSTRACT

Liver fibrosis is a disease that has its development linked to chronic liver
damage, often due to viral infections, alcohol and drugs abuse toxins or metal
accumulation. Chronic liver damage leads to a continuous inflammatory process
that can result in activation of hepatic stellate cells. The activated phenotype of
hepatic stellate cells disrupts the balance between synthesis and degradation of
extracellular matrix elements, and this process is responsible for initiating the
fibrotic process. The progression of liver fibrosis is often detected in late stages of
disease and may result in the last stage of chronic liver disease, known as
cirrhosis, leading to the risk of liver failure. Currently, liver fibrosis has no well-
established treatment, however, the first goal for therapy is to identify and remove
the cause of chronic damage and to use therapies capable of reducing activation,
proliferation or even inducing apoptosis in hepatic stellate cells. In addition,
molecules with an antioxidant effect have shown good effects in decreasing
oxidative stress damage. Thus, the search for new candidates for the treatment of
liver fibrosis is necessary, and for this, the investigation of molecules from natural
and renewable sources seems to be promising, since it is currently known that the
secondary metabolites of many plant species have high applicability for the
development of new drugs. Thus, the present study investigated the effects of two
treatments that have in common, their natural source and their phytochemical
composition, mainly composed of phenolic compounds. In the first in vitro and in
vivo study, the methoxyeugenol molecule demonstrated a modulatory effect on

activated hepatic stellate cells, reducing its activation markers (Col-1, a-SMA and



TGF-B e) and inducing to its quiescent phenotype. Also, the treatment was able to
activate the PPAR-y transcription factor, and when in the presence of its inhibitor,
GW9662, the effect of methoxyeugenol was suppressed, showing the interaction of
PPAR-y activation in the observed effects. Furthermore, it showed
hepatoprotective effect in vivo in mice, attenuating the development of fibrosis and
decreasing the activation of NF-kB-mediated inflammatory pathways. In the second
in vivo study, treatment with B.anomala extract decreases oxidative stress damage
(TBARS and DCFH-DA), reduced activation of pro-inflammatory genes (TNF-q,
NF-kB, IL-6 and iNOS ) and protected the animals' livers from the development of
fibrosis. The main components of the extract identified by HPLC were caffeic, gallic

and coumaric phenolic acids.

Key words: Fibrosis, liver diseases, phenolic compounds, phytochemicals.
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1. INTRODUCAO

1.1 Fibrose Hepética

O desenvolvimento de doencas crénicas hepaticas (CLD) se deve ao dano
persistente as células do figado, levando a um processo inflamatério crénico no
orgao, somado a um processo de ativacdo de células responsaveis pelo equilibro
de sintese e degradacdo de elementos da matriz extracelular (ECM), instalando

assim um quadro de fibrose hepatica (Wynn e Ramalingam, 2012).

O dano crénico no tecido hepético pode ser resultado de infec¢des virais
(hepatites B e C), assim como, o abuso de drogas e alcool, e acumulo de toxinas
ou metais, e em alguns casos doencas hereditarias (Friedman, 2008; Iredale,
2008). Quando o dano cronico persiste, uma resposta cicatricial continua se
estabelece no figado, e essa deposicdo desordenada de ECM somada ao
processo inflamatério crénico, pode levar ao risco de insuficiéncia hepética. Esse
altimo estagio das CLD, também conhecido como cirrose, se caracteriza pela
distorcdo do parénquima hepético devido a formacdo de ndédulos e septos,
alteracdes no fluxo sanguineo e modificacdo da arquitetura celular hepatica.
Estima-se que, anualmente, ocorram aproximadamente 2 milhdes de mortes por

CLD no mundo (Asrani et al., 2019).

Primeiramente, o processo de deposicdo de ECM leva a alteragcdes na
regido do tecido hepatico localizado ao redor da camada sinusoidal no espaco de
Disse, onde se encontram as ceélulas hepaticas estreladas (HSC), que sao

consideradas uma das principais estruturas celulares no desenvolvimento da
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fibrose hepatica e as responsaveis pelo desequilibrio da sintese e degradacao de
ECM (Friedman, 2008). Os hepatécitos compreendem aproximadamente 80% das
células hepaticas e sdo as células mais afetadas pelo dano de substancias no
orgdo, pois sao responsaveis pelo metabolismo de diversas substancias no
organismo. O dano aos hepatocitos leva a producdo de espécies reativas de
oxigénio e citocinas inflamatorias e profibrogénicas, que ativam as células
estreladas hepaticas HSC, direta e indiretamente, através das células de Kupffer e
das células endoteliais sinusoidais (Roehlen et al., 2020). As células de Kupffer
podem estimular a ativacdo das HSCs através de fatores como fator de
crescimento transformante-B (TGF-B) e o Fator de necrose tumoral alfa (TNF-a),
estimulando a sintese de ECM, a proliferacdo celular e o decréscimo dos
depdsitos de lipideos intracelular das HSCs (Kolios et al., 2006; Marrone et al.,
2016). Na Figura 1, observa-se os principais mecanismos envolvidos na ativacéo
das HSC, onde diferentes tipos celulares promovem um estado inflamatério
cronico, sendo a sinalizacdo pro inflamatéria capaz de ativar tanto células HSC
guanto células do sistema imune, com isso perpetuando o fenétipo ativado das

HSC.
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Figura 1: Principais mecanismos envolvidos na fibrose hepética. (Roehlen
N, Crouchet E, Baumert TF, 2020).

1.2 Células hepéaticas estreladas

As HSC correspondem a aproximadamente 8% da populagéo celular total
no tecido hepatico, sendo os hepatdcitos (células parenquimatosas) presente em
maior quantidade seguido de células endoteliais (sinusoidais e vasculares) e por

altimo, em menor quantidade, as células de Kupffer (macrofagos hepaticos).

Em condi¢cdes normais, as HSC apresentam o seu fenétipo quiescente, e
possuem como caracteristica o acumulo de goticulas de lipideos em seu

s

citoplasma (principalmente de vitamina A), outra caracteristica € a baixa taxa
proliferativa e a regulacdo no balanco entre a sintese e degradacdo de

componentes da ECM (Guimaraes et al., 2007). O fenétipo quiescente das HSC
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pode ser regulado por fatores de transcricio como 0 grupo de proteinas
receptoras nucleares, 0s receptores ativados por proliferador de peroxissoma
(PPAR), que participam na transcricdo de diversos genes capazes de regular seu
fendtipo lipocitico, as isomorfas mais conhecidas dos PPAR sédo o PPAR-a, PPAR-
B / & e PPAR-y. Importante destacar o fator de transcricdo PPAR-y, pois essa
isoforma de PPAR tem sido considerado como um dos principais reguladores da
lipogénese em HSCs (Guimaraes et al., 2007; Tsukamoto et al., 2006), ja que sua
ativacdo € necessaria para a manutencdo do fendtipo quiescente em HSC
ativadas (de Mesquita et al., 2013). Além disso, estudos tem demostrado a relacéo
entre a ativacdo de PPAR- y e a supressao de vias inflamatérias mediadas por
NF-kB (He et al., 2019; Zong et al., 2013), com isso, a regulacdo desse fator de
transcricdo pode ser considerado um alvo terapéutico interessante para o
desenvolvimento de tratamentos para a fibrose hepatica, j& que possui relacédo
com a manutencdo do fenétipo quiescente e a sinalizacdo inflamatoria (Mirza et

al., 2019).

Quando o dano crénico persistente no tecido hepatico leva a sinalizacdo de
vias inflamatérias ocorre a ativacdo das HSC, e o resultado da ativacdo dessas
células é a perda na capacidade de armazenar lipideos em seu citoplasma,
aumento em sua taxa proliferativa, e também, na perda do seu controle sobre o
equilibrio entre a sintese e degradagdo de componentes da ECM, levando a uma
deposicao desordenada de ECM (Mederacke et al., 2013; Testerink et al., 2012). A
deposicdo de ECM é composta principalmente por fibronectina e fibras de

colageno do tipo |, e assim caracterizando o inicio da fibrogénese no figado, que
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por consequéncia, pode resultar na desestruturacdo do tecido e perda de sua

funcionalidade (Gracia-Sancho et al., 2018).

Quando ocorre a ativacdo das HSCs, seu fendtipo passa de lipocitico para
miofibroblastico que é caracterizado pela perda das goticulas de gordura em seu
citoplasma, aumento da proliferacdo celular e também por alteracdes em outras
células sinusoidais (por ex. células endoteliais) envolvidas no processo de
fibrogénese hepatica (Gracia-Sancho et al.,, 2018). A a-SMA é considerada um
marcador fundamental para a formacao de miofibroblastos em diferentes tecidos,
pois sua expressao se encontra em niveis basais nos tecidos normais, enquanto
gue é altamente expressa em tecidos que possuem o0 desenvolvimento de um
processo fibrotico. Além disso, também ocorre um aumento nos niveis de
expressdo e secrecdo do fator de crescimento TGF-B1 e de inibidores de

metaloprotease tecidual (TIMPS) 1 e 2 (Friedman, 2008).

1.3 Tratamento da fibrose hepéatica

Atualmente ndo existe uma terapia padrdo para o tratamento da fibrose
hepatica, porém sabe-se que a identificacdo e remocdo do agente causador do
dano crénico ao figado devem ser feitas, e sdo fundamentais para o inicio do
tratamento (Roehlen et al., 2020). Os farmacos testados para o tratamento da
fibrose hepatica podem variar segundo o seu alvo terapéutico. Muitos buscam
formas de controlar o estresse oxidativo formado no ambiente hepatico inflamado,

sendo capazes de diminuir a formacdo de radicais livres ou restaurar 0s
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antioxidantes enddgenos, estratégia esta, que apresenta bons resultados para

diminuicdo do dano causado no tecido hepatico (Odagiri et al., 2021).

Cada vez mais se sabe que fatores de crescimento sdo capazes de ativar
tanto as HSC como as células de Kupffer, instalando um estado inflamatorio
cronico no figado e favorecendo a proliferacdo das HSCs (Kolios et al., 2006),
dessa forma, inibidores da ativacdo de TGF-B sdo possiveis candidatos para o
tratamento, sendo que esse efeito pode ser obtido através da utilizacdo de RNAs
de interferéncia (Pragyan et al., 2021; Tighe et al., 2020). Muitos farmacos tém
como alvo a desativacdo das HSC, por serem consideradas pecas fundamentais
no processo fibrético. Dentre eles pode-se citar, os agonistas de PPAR-y
(pioglitazone), o agonista de FXR (acidos obeticolicos) e os inibidores de fatores

de crescimento (pirfenidona) (Odagiri et al., 2021).

Mais recentemente, a importancia das células endoteliais sinusoidais para a
manutencdo do parénquima hepatico tem sido estudada (Lafoz et al., 2020). Em
condi¢cdes normais, as células endoteliais sinusoidais representam um endotélio
com fenestras (em condigcbes normais ndo apresentam membrana basal), que
comunica 0 sangue sinusoidal com as células hepaticas através de seus
pequenos poros (fenestras). Sdo responsaveis pela homeostasia do metabolismo,
regulacéo da sinalizacao inflamatdria, angiogénese e regulacéo do ténus vascular
(Lafoz et al., 2020). Quando ativadas devido ao dano hepatico, as células
endoteliais sinusoidais desenvolvem uma camada basal e passam a formar um
endotélio continuo, sendo essa uma das caracteristicas do estagio inicial da

fibrose, conhecida como capilarizacdo (Sgrensen et al., 2015). No fendtipo
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ativado, passam a favorecer processos vasoconstritores, fibréticos, inflamatorios e
angiogénico, além de contribuirem para ativacdo das HSCs e das células de
Kuppfer (Maretti-Mira et al., 2019; DeLeve et al., 2008). Existem poucos estudos a
respeitos de terapias especificas visando as células sinusoidais endoteliais,
porém, trabalhos recentes tém explorado seus numerosos receptores e formas de
entregar farmacos por nanoparticulas, nanocapsulas e nanogels, por exemplo,
devido sua capacidade de endocitar macromoléculas soltuveis (Chen et al., 2019;

Lafoz et al., 2020; Szafraniec et al., 2017).

Compostos de origem natural também tém recebido atencdo para o
desenvolvimento de novos tratamentos, como por exemplo, 0 resveratrol,
curcumina e silimarina (Pragyan et al., 2021; Popov, 2009; Tighe et al., 2020;
Liedtke et al., 2013). Esses compostos alternativos com potencial antifibrético
possuem em comum o seu alto poder antioxidante, sendo essa uma caracteristica
importante para diminuicdo do estresse oxidativo no tecido hepatico. Além disso,
estudos demonstraram que essas moléculas naturais sdo capazes de regular
fatores de crescimento, como TGF- e PDGF- Br, diminuir a ativagcao de HSCs por
reduzir a sinalizacdo de citocinas pro inflamatérias (TNF-a e NF-kB) ou induzir
morte celular por apoptose (Popov, 2009; Tighe et al, 2020). Alguns compostos de
origem natural ja foram testados em ensaios clinicos, para validar seu efeito

protetivo em casos de fibrose hepatica, como a espirulina, resveratrol e a sylibina

(http://clinicaltrials.gov/). A Figura 2, mostra a diversidade de estratégias para o

tratamento da fibrose hepética.
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Figura 2: Estratégias propostas para o tratamento da fibrose hepatica.

(Acharya Pragyan, 2021)

Considerando que atualmente ndo existem tratamentos estabelecidos para
a fibrose hepdtica, a busca por novas alternativas se faz necesséria, incluindo a
investigacdo de compostos naturais, a partir de fontes renovaveis e sustentaveis,
uma vez que existe uma ampla ocorréncia de compostos com propriedades

farmacoldgicas em diversos géneros de plantas (Kuete et al., 2016).

1.4 Compostos fendlicos

Farmacos capazes de reverter o fenotipo ativado, diminuir a proliferacao
das HSCs, reduzir o estresse oxidativo ou os fatores inflamatorios no figado, sao
testados para o desenvolvimento de tratamentos para a fibrose hepatica. Muitas
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plantas que possuem compostos com propriedades terapéuticas estdo presentes
na medicina popular de diversas culturas, e muitas vezes, essas plantas séo
utilizadas em forma de infusdo, macerados ou extratos mais complexos. Seus
efeitos farmacoldgicos sdo frequentemente atribuidos a sua atividade antioxidante

e anti-inflamatéria (Denardin et al., 2014; Zalewski et al., 2011)

Esses compostos, muitas vezes descritos como terapéuticos, sao
conhecidos como metabdlitos secundarios. Os metabdlitos secundarios sé&o
produzidos pelo vegetal como resposta direta das interacfes da planta com o
ambiente. Com isso, a producdo e o acumulo desses metabdlicos pelo vegetal,
estd relacionada com a temperatura, atracdo de polinizadores, luminosidade e
ataque de predadores, por exemplo. Sendo esses fatores ambientais responsaveis
na composicao quimica dos metabdlitos secundarios que se podem encontrar em
uma planta (Sartor, 2013). Dentre os metabdlitos secundarios, os compostos
fendlicos, sdo uma das classes mais conhecidas e estudas e incluem muitas
moléculas com atividade biolégica comprovada e estdo muito presentes nossa
alimentacdo humana. Por isso, € uma das principais e mais estudadas classes de

metabdlitos secundarios (Bravo, 1998; Neuhouser, 2004).

Os compostos fendlicos possuem uma enorme diversidade de estruturas
quimicas e representam um grupo heterogéneo de fitoquimicos. Em comum,
essas moléculas apresentam anéis de fenol (Figura 3), e sédo classificadas em
varios grupos, dentre os quais destacam-se acidos fendlicos, flavonoides e
ligninas (Saha et al.,, 2019). Por possuirem uma caracteristica naturalmente

antioxidante, eles combatem os danos oxidativos através da doagéo de hidrogénio
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ou elétron para radicais livres e assim, neste processo, auxiliam na estabilizacéo
da membrana celular e inibindo a ativacdo e expressao de citocinas inflamatorias
como TNFa, TGF-B e diversas outras interleucinas (IL-6, IL-2, IL-8) (Saha et al.,

2019; Zhang e Tsao, 2016; Zhen et al., 2016).

Figura 3: Estrutura basica de um composto fendlico.

1.5 Metoxieugenol

O Metoxieugenol (4-Alil-2,6-dimetoxifenol) é encontrado em ervas e
especiarias, como em oOleo de sassafras (Sassafras albidum), noz-moscada
(Myristica fragrans) e Cinnamomum glanduiferum (Agnihotri et al., 2012; Guridip
Singh, 2005; Kamdem e Gage, 1995). Por apresentar um aroma descrito muitas
vezes como defumado € uma molécula utilizada na industria de alimentos como
aditivo, e, por esta razao, ja existem estudos a respeito de seus efeitos tdxicos e
doses seguras para humanos (European Food Safety Authority , 2011). Estudos

com o extrato de noz-moscada (Myristica fragrans) revelaram atividade anti-
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helmintica, antifangica e antioxidante (Lopez, 2015; Maeda et al., 2008). Também
foi demonstrado seu efeito anti-inflamatorio em doencas hepaticas, onde o extrato
etandlico de noz-moscada reduziu a ativacdo das citocinas inflamatorias IL-6 e
TNF-a (Zhao et al., 2020).

O metoxieugenol também foi identificado no propolis vermelho brasileiro,
que é produzido por abelhas da espécie Apis melifera a partir de espécies de
plantas da familia Leguminosae encontradas em Maceid, no estado de Alagoas,
no nordeste do Brasil. O extrato metandlico do prépolis vermelho apresentou
atividades antioxidante e antimicrobiana (Boeing et al., 2020; Righi et al., 2011) e,
em estudos in vivo, demonstrou efeito hepatoprotetor em ratos submetidos a
administracdo toxica de tioacetamida (Silva et al.,, 2019). Além disso, em
camundongos, foi demonstrada a protecdo contra o dano causado por alcool no
trato gastrointestinal, através da reducéo da producéo de radicais livres e aumento
na atividade dos antioxidantes enddgenos catalase (CAT) e glutationa (GSH)
(Boeing et al., 2020). O metoxieugenol pertence a classe de compostos organicos
conhecidos como fenilpropandides, caracterizados por possuir uma cauda de trés
carbonos ligados ao anel benzeno de um fenol. Na Figura 4 esta representada a
molécula do metoxieugenol, junto de duas fontes dessa molécula (prépolis

vermelho e noz-moscada).
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Figura 4: Molécula do methoxieugenol (4-Alil-2,6-dimetoxifenol ) (A). Esudato, conhecido
como proépolis-vermelho-brasileiro (B). Semente de Myristica fragrans (noz-moscada) (C).

1.6 Baccharis anomala

As espécies do género Baccharis estdo distribuidas pela América do Sul
(Budel, 2008) e sdo muito presentes na medicina popular dos povos dessa regido,
sendo utilizadas para o tratamento de diversas patologias como doencas
gastrointestinais, hepéticas, inflamacao, diarreia, febre, infeccbes e diabetes
(Pereira et al., 2016; Ramos Campos et al., 2016; Rezende et al., 2014). Estas
plantas sdo utilizadas normalmente na forma de chas, bebidas alcodlicas ou
macerados. Pelas reconhecidas propriedades medicinais encontradas no género
Baccharis, a busca por espécies deste género com potencial para o
desenvolvimento de tratamentos alternativos, é promissora, visto que a maior
parte dos estudos realizados foram com B. trimera, B. dracunculifolia e B.
uncinella, que compreendem apenas uma pequena parte de todo potencial
fitoquimico que as espécies do género possuem (Nogueira et al.,, 2011; Ramos

Campos et al., 2016; Zalewski et al., 2011).
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Baccharis anomala (Figura 5), também conhecida como cambara-de-cip6
ou parreirinha, possui sua distribuicdo geografica nas regibes Sudeste (Minas
Gerais, Sao Paulo) e Sul (Parana, Santa Catarina, Rio Grande do Sul) do Brasil e
suas partes aéreas sao utilizadas na medicina popular como diurético (Budel,
2008). A espécie tem sido estudada quanto suas propriedades medicinais, 0
extrato de B. anomala apresentou atividades antiviral e anti-inflamatorias (Venturi
et al., 2018; Basso et al., 2019). Em estudo prévio publicado do nosso grupo de
pesquisa, 0 extrato metandlico fracionado de B. anomala demonstrou efeito
antiproliferativo em células GRX (HSC de camundongos ativadas), além de

reverter seu fenotipo ativado para quiescente (Basso et al., 2019).

As principais propriedades encontradas nos extratos das partes aéreas de
espécies de Baccharis parecem estar relacionadas com a presenca de compostos
antioxidantes, anti-inflamatoérios, analgésicos e antimicrobianos (Cariddi et al.,
2012; Hocayen et al., 2015). Dentre os metabdlitos secundarios encontrados nas
espécies do género, destacam-se a presenca de compostos fendlicos, por seus

efeitos farmacologicos conhecidos (Abad, 2007).

24



Figura 5: Espécime de B.anomala (A). Partes aéreas vegetativas de B.anomala (B).
Partes reprodutivas de B.anomala (C).

Compostos fendlicos encontrados em formas naturais, presente em plantas,
possuem alta aplicabilidade para o desenvolvimento de terapias alternativas a
tratamentos convencionais de diversas doencas (Jafari et al., 2014). A utilizacdo
de extratos de planta para o desenvolvimento de novas terapias para o tratamento
de muitas doencas ainda é investigada, uma vez que ja se tem conhecimento de
que estes compostos podem apresentar efeitos sinérgicos, fazendo com que a
composicdo quimica de um extrato obtido da planta possa apresentar um efeito

terapéutico superior ao de moléculas isoladas (Vaz et al., 2012).
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2. JUSTIFICATIVA

A busca por moléculas ou compostos fitoquimicos de plantas disponiveis na
natureza e de fontes renovaveis tem se mostrado uma area promissora na
farmacologia e essas moléculas ou compostos com alta atividade biol6gica podem
ampliar o leque de opc¢des terapéuticas para o tratamento de varias doencas. Os
compostos fendlicos pertencem a este grupo de moléculas que ja tiveram seu
potencial para o desenvolvimento de farmacos revelado, por apresentaram
atividade antiproliferativa celular e pelo seu conhecido efeito antioxidante. Porém,
ainda ha muitas moléculas a serem descobertas e estudadas. Atualmente, néo
existe um tratamento especifico para a fibrose hepéatica e, desta forma, o presente
trabalho buscou avaliar o potencial de tratamentos provenientes de fontes naturais
e renovaveis para o desenvolvimento de novas terapias. Para isso, investigamos o
potencial terapéutico do metoxieugenol, um fenilpropandide, bem como do extrato
de Baccharis anomala, uma mistura fitoquimica de diversos metabdlitos

secundarios.
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3. OBJETIVOS

(1) Avaliar o efeito do tratamento do metoxieugenol em modelos de
fibrose hepatica in vitro e in vivo e elucidar o seu possivel mecanismo de

acao.

(2)  Avaliar o efeito do tratamento do extrato de B.anomala em modelo
de fibrose hepética in vivo e identificar os principais compostos fendlicos

presente no extrato.
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4. MATERIAIS E METODOS

Os materiais e métodos utilizados no presente trabalho estdo descritos nos

artigos cientificos produzidos.
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5. ARTIGO 1.

Artigo publicado no periodico Journal of Ethnopharmacology (IF: 4.36)

Objetivo 1

Avaliar o efeito do tratamento do metoxieugenol em modelos de fibrose

hepética in vitro e in vivo e elucidar o seu possivel mecanismo de agao.
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ARTICLE INFO ABSTRACT

Keywords: Ethnopharmacological relevance: Studies have shown interest in nutraceuticals for the prevention of liver diseases.
Liver disease Methoxyeugenol, is a molecule found in foods, such as nutmeg (Myristica fragrans Houtt.) and Brazilian red
A’mﬁbw“_“ drugs propolis. These two sources of methoxyeugenol, propolis and nutmeg, are used in folk medicine for the treatment
E;g:ceunml of hepatic and gastrointestinal disorders, although little is known about their effects on the prevention of liver

T P fibrosis. Natural PPAR (Peroxisome proliferator-activated receptor) agonists would represent unique molecules

Chronic liver disease for therapy, considering the lack of therapeutics to treat liver fibrosis in chronic liver disease. Thus, investigation

Cirrhosis on new alternatives are necessary, including the search for natural compounds from renewable and sustainable
sources. Liver fibrosis is a pathological process characterized by an exacerbated cicatricial response in the hepatic
tissue, which compromises liver function. Therefore, inhibition of HSC (hepatic stellate cell) activation and
hepatocyte damage are considered major strategies for the development of new anti-fibrotic treatments.
Aim of the study: This study aimed to investigate the effects of methoxyeugenol treatment on HSC phenotype
modulation in human and murine cells, hepatocyte damage prevention, and protective effects in vivo, in order to
evaluate its therapeutic potential for liver fibrosis prevention.
Methods: We investigated the effects of methoxyeugenol in (i) in vitro models using human and murine HSC and
hepatocytes, and (ii) in vivo models of CCl, (carbon tetrachloride) -induced liver fibrosis in mice.
Results: We herein report that methoxyeugenol decreases HSC activation through the activation of PPAR-y, ul-
timately inducing a quiescent phenotype highlighted by an increase in lipid droplets, loss of contraction ability,
and a decrease in the proliferative rate and mRNA expression of fibroblast markers. In addition, methoxyeugenol
prevented hepatocytes from oxidative stress damage. Moreover, in mice submitted to chronic liver disease
through CCl; administration, methoxyeugenol decreased the inflammatory profile, liver fibrosis, mRNA
expression of fibrotic genes, and the inflammatory pathway signaled by NF-kB (Nuclear factor kappa B).
Conclusion: We propose methoxyeugenol as a novel and potential therapeutic approach to treat chronic liver
disease and fibrosis.

antifibrotic therapies (Bravo, 2009; Singh et al., 2005). Methoxyeugenol
(4-Allyl-2,6-dimethoxyphenol) is a molecule present in the human diet,
as it is widely used as an additive in the food industry, and it is also
present in the composition of several plant that showed beneficial effects
for treatment of innumerous diseases (Agnihotrietal., 2012; Righi etal.,

1. Introduction

Natural compounds, crude extracts, or isolated molecules obtained
from plants have progressively attracted attention for devising
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Abbreviations list

HSC Hepatic stellate cell

TGF-p:  Transforming growth factor beta

PPAR Peroxisome proliferator-activated receptor
NF-kB  Nuclear factor kappa B

DMEM  Dulbecco’s modified eagle medium

CCly Carbon tetrachloride

FBS Fetal bovine serum

MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
DMSO  Dimethyl sulfoxide

NAC N-acetylcysteine

DPPH 2,2-Diphenyl-1-picrylhydrazyl

TBARS  Thiobarbituric acid reactive substances

LDH Lactate dehydrogenase

SLM Silymarin

ALT Alanine transaminase

AST Aspartate transaminase

NAS Nonalcoholic Fatty Liver Disease Activity Score
PBS Phosphate Buffered Saline

DAB 3,3'-Diaminobenzidine

a-SMA  Alpha-smooth muscle actin

p-NF-kB Phosphorylated nuclear factor kappa B

Collal Type I collagen

PDGFiff Platelet-derived growth factor receptor beta

IL: Interleukin

TNF-a:  Tumor necrosis factor alpha

CD163  Cluster of differentiation 163

GAPDH Glyceraldehyde 3-phosphate dehydrogenase
TTBS Tween-tris-buffered saline

BSA Bovine serum albumin

EDTA  Ethylenediamine tetraacetic acid

iNOS Inducible NO synthase

LPS Lipopolysaccharide

2011). It is found in herbs, spices, sassafras oil (Sassafras albidum),
nutmeg (Myristica fragrans Houtt.), Cinnamomum glanduiferum, and
Brazilian red propolis (Agnihotri et al., 2012; Guridip Singh et al., 2005;
Kamdem and Gage, 1995; Righi et al., 2011).

As mentioned, Methoxyeugenol has been identified in Brazilian red
propolis, which is produced by bees of the species Apis mellifera,
collected from plants exudate of the Leguminosae family (Dalbergia
ecastaphyllum (L.) Taub) found in Maceid, in the northeast of Brazil
(Boeing et al., 2020; Righi et al.,, 2011). Propolis therapeutic effects are
known for centuries in folk medicine and used to treat infections, gastric
disorders and also to improve wound healing (Sforcin, 2016; Ghi-
salberti, 1979). Moreover, the therapeutic effect of red propolis has been
investigated for treatment of hepatic and gastric disorder and showed
hepatoprotective and gastroprotective properties in mice (Boeing et al.,
2020; Silva et al., 2019).

Nutmeg (Myristica fragrans Houtt.), another important source of
methoxyeugenol, is a seed used as spice, originally from Indonesians
islands, that was widely spread to the world by the English exploration
in the 17th century (Abourashed and El-Alfy, 2016). Its use in folk
medicine is reported mainly in the treatment of gastrointestinal prob-
lems and has long been used as a therapy for this kind of illness
(Asgarpanah and Kazemivash, 2012). Moreover, studies showed that
nutmeg could be useful in the treatment of nonalcoholic fatty liver
disease (Zhao et al., 2020), promoting lipid metabolism regulation and
anti-inflammatory effects. More importantly, extract containing nutmeg
could effectively protect liver against hepatic toxic-induced damage
(Yimam et al, 2016). Nevertheless, the effects of methoxyeugenol on
liver fibrogenesis and the associated molecular mechanisms of its
possible beneficial effects are still unknown.

Liver fibrosis has its development linked to chronic liver damage,
often due to viral infections, alcoholism, and toxins (Friedman, 2008).
Chronic injury leads to an inflammatory process that ultimately results
in HSCs activation, with the acquisition of a myofibroblastic phenotype,
and the initiation of the fibrotic process, evidenced by the loss of syn-
thesis/degradation balance of extracellular matrix elements (Iredale,
2008). The maintenance of HSCs phenotype is primarily performed by
transcription factors, which tightly modulate the function of these cells.
In a quiescent state, HSCs act on glucose regulation, lipid synthesis and
degradation and synthesis of extracellular matrix components
(Guimaraes et al, 2007; Marrone et al., 2016). Nevertheless, upon
activation, HSCs become pro-contractile, pro-inflammatory, and
pro-fibrogenic (Gracia-Sancho et al., 2018), actively contributing to
chronic liver disease progression.

Among the transcription factors regulating HSCs, the PPAR family
(mainly PPAR-y and PPAR-a) has demonstrated to play an important

role in promoting their quiescent phenotype (Ivanova et al., 2015; Tyagi
et al, 2011; Chen et al., 2015) and inhibiting the activation of inflam-
matory pathways, manly those activated by NF-kB signaling (Mirza
et al, 2019; Qu et al., 2017). Therefore, modulators of these transcrip-
tion factors are promising candidates to initiate the process of HSCs
deactivation.

It is nowadays clear that hepatic fibrosis treatment requires the
identification and removal of the chronic damage agent and/or the
administration of drugs with beneficial activities on proliferation and
activation of the hepatic stellate cells, oxidative stress, and inflamma-
tion. Currently, treatments for liver fibrosis includes curcumin, quer-
cetin, silymarin and probiotics that reduce oxidative stress and
inflammation in the liver. Furthermore, more recently, the potential for
treatment with small interfering RNAs to decrease TGF-p signaling has
been demonstrated to be a promising strategy. (Pragyan et al., 2021;
Popov and Schuppan, 2009; Tighe et al., 2020; Liedtke etal., 2013). On
the other hand, natural PPAR agonists would represent unique mole-
cules for therapy, as they exert beneficial effects with fewer side effects
than specific agonists of these receptors (Wang et al., 2014).

In a previous work by our research group, methoxyeugenol showed
an effect in decreasing cell proliferation in human endometrial cancer
(Costa et al., 2021). HSCs are responsible for extracellular matrix
deposition and synthesis, and their activation and proliferation rate are
closely linked to the development of fibrosis. Considering the lack of
therapeutics to treat liver fibrosis in chronic liver disease, investigation
on new alternatives are necessary, including the search for natural
compounds from renewable and sustainable sources (Bravo, 2009). In
the present study, we investigated the effects of methoxyeugenol on
HSCs phenotype in human and murine cells, hepatocyte damage pre-
vention, and protective effects in vivo, in order to evaluate its therapeutic
potential for liver fibrosis prevention.

2. Materials and methods
2.1. Invitro experiments

2.1.1. Cell culture

The murine HSC cell line GRX was obtained from the Rio de Janeiro
Cell Bank (HUCFF, UFRJ, Rio de Janeiro, Brazil) and the LX-2 was kindly
provided by Dr. Bataller. Cells were maintained in DMEM (Dulbecco’s
Modified Eagle’s Medium, Sigma, 5030) supplemented with 10% FBS
(fetal bovine serum, Gibco, 26140079), 1% penicillin and streptomycin
(Gibco, 15140122) and pH 7.4. Cells were seeded in tissue culture plates
and, after 24 h, treated and incubated for 72 h at 37 °C in a humidified
atmosphere of 5% CO,. HepG2 (obtained from the Rio de Janeiro Cell
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Bank - HUCFF, UFRJ, Rio de Janeiro, Brazil) and VERO cells (kindly
provided by Dr. Pablo Machado) were maintained in DMEM supple-
mented with 10% FBS and subjected to the same conditions and tem-
perature mentioned above. All in vitro experiments were performed four
independent times, in triplicate.

Methoxyeugenol molecule (4-Allyl-2,6-dimethoxyphenol) was pur-
chased from Sigma-Aldrich (Cat.#W365505/Lot#STBD5682V) and
stored in room temperature. For experiments, methoxyeugenol was
solubilized in DMSO (dimethyl sulfoxide).

2.1.2. Cellular viability

Cellular viability of GRX, VERO and HepG2 cells were determined by
colorimetric MTT (2,2-Diphenyl-1-picrylhydrazyl, Sigma, 298-93-1)
assay (De Mesquita et al., 2013). Briefly, 3 x 10° cells per well were
seeded in 24-well plate, grown for 24 h and treated with methox-
yeugenol at 15, 30, 60, 125 and 250 pM diluted in 0.5% DMSO (Synth,
01D1011) for 72 h. After that, MTT solution was added and cells were
incubated for 4 h. NAC (N-acetylcysteine) was used as positive control at
2.5 mM. Formazam crystals were dissolved with DMSO and quantified in
an ELISA microplate reader at absorbance of 492 nm. For cell number
determination, cells were counted in Neubauer chamber with Trypan
blue Solution 0.4% (Gibco, 15250061) and live cells expressed as con-
trol percentage. Considering that 30 pM was the lowest concentration
that induced a decrease in cell proliferation and did not show cellular
toxicity, this dose was chosen for further experiments.

2.1.3. Antioxidant activity

Methoxyeugenol was evaluated for its antioxidant activity by DPPH
(2,2-diphenyl-1-picrylhydrazyl, Sigma, 1898-66-4) reduction (Dias
et al., 2017). The antioxidant activity was measured by spectropho-
tometry in an ELISA reader at the wavelength of 515 nm. All samples
analyzed were dissolved in methanol 100%. Ascorbic acid (550 pg/mL)
was used as positive control due to its well-known antioxidant activity.

2.1.4. Oxidative stress in HepG2 cells

For oxidative stress evaluation, HepG2 cells were seeded in 6-well
plate at concentration of 1 x 10° cells per well. After 6 h, cells were
adhered to the well bottom and received the pre-treatment of methox-
yeugenol at 30 pM for 12 h. Later, cells were challenged with CCl, (4
mM) for 6 h. At the end of the experiment, both supernatant and cell
lysate were collected. The concentration of TBARS (thiobarbituric acid
reactive substances) and LDH (lactate dehydrogenase, Labtest, 86)
released were analyzed (Irause et al., 2017).

2.1.5. Detection of lipid droplets in HSC

Lipid droplets accumulation in HSC was observed using Oil Red
staining (De Mesquita et al., 201 3). Cells were plated in a 24-well tissue
culture plate (3 x 10° cells/well), and 72 h after treatment with
methoxyeugenol, cells were fixed with 10% formaldehyde and stained
with Oil Red-O (Sigma, 1320-06-5). Intracellular lipid accumulation was
observed after 30 min, using an inverted light microscope at magnifi-
cation of 400x. The dye from stained cells was extracted using iso-
propanol and specific lipid content was calculated as the ratio of
absorbance value and number of cells. Oil Red-O quantification was
accessed by optic density at 492 nm.

2.1.6. Assessment of cell contraction by collagen gel assay

Collagen gels consist of a solution with collagen 4 mg/mL and DMEM
4x concentrated. Each gel was impregnated with 1 x 10° cells and
added to a 24-well plate, left to polymerize for 30 min at 37 °C, detached
and suspended in 600 pL of DMEM with 5% FBS solely or with either
methoxyeugenol or NAC. Images were obtained 24 h after and surface
area of each gel was determined as a percentage of the total well area
occupied (De Oliveira et al., 2020).
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2.1.7. PPAR- Y antagonist pre-treatment

Human activated HSC LX-2 were seeded in a 6-well plate at con-
centration of 4 x 10* cells per well and pre-treated with specific PPAR-y
antagonist GW9662 (Sigma, M6191-5 MG), at concentration of 10 pM
for 24 h (Gionfriddo et al., 2020). Later, cellular medium was changed to
a new medium contain DMSO, for the control and GW992 groups, and
DMSO + methoxyeugenol 30 pM for the treated group. Cells were
maintained in incubation for an additional of 72 h and mRNA were
collected to evaluate the activation HSC markers.

2.2. Invivo experiments

2.2.1. Animals and experimental design

Male BALB/c mice, 8 weeks old and weighing 25-30 g, were bred
and maintained at the university animal facilities (CeMBE, PUCRS),
under specific pathogen free conditions, 12/12 h light-dark cycle,
temperature of 22 °C with free access to water and food on individually
ventilated cages.

Liver fibrosis was induced using the chronic CCly administration
model. Forty BALB/c mice were randomly allocated to one of the
following 4 groups (ten mice per group): Control, CCly, CCl; +
methoxyeugenol 0.25 mg/kg and CCl; + methoxyeugenol 1.0 mg/kg.
Mice were i.p. (intraperitoneally) injected with CCls (10% in olive oil, 1
mL/kg body weight) three times per week, for a total of 10 weeks. We
have decided to administrate via i.p. to assure that all animals received
the correct dosage, considering that oral administration by gavage for
long periods of treatment are stressful to the animals and oral admin-
istration by capsules or food may not deliver the same amount of the
molecule to all animals. In order to validate the liver fibrosis model
through chronic CCl, administration used in the present study, we have
used Silymarin (SLM) as a positive treatment control, as it is a substance
known for its treatment effects in in vivo experiments. A SLM dose of 200
mg/kg was administered (Zhang et al., 2018).

Methoxyeugenol treatment was given twice a week, on alternating
days with CCl, induction, intraperitoneally at 0.25 and 1.0 mg/kg. Doses
were selected according to European Food Safety Authority that reports
a safety dose for methoxyeugenol ranging from 1 to 30 mg/kg (European
Food Safety Authority (EFSA) and Parma, 2011). Therefore, a dose of
1.0 mg/kg was chosen in addition to a lower dose of 0.25 mg/kg, which
would not cause any side effect to animals. Animals were euthanized at
24 h after the last administration. Trunk blood was collected by
decapitation and the liver was removed and stored. Serum was sepa-
rated by centrifugation at 5 x 10° rpm. The study was approved by the
University (PUCRS) Animal Ethics Committee (CEUA 8318).

For in vivo experiments, methoxyeugenol molecule (4-Allyl-2,6-
dimethoxyphenol) was administered from the same batch (Sigma-
Aldrich - Cat.#W365505/Lot#STBD5682V) used in the in vitro experi-
ments, also solubilized in DMSO.

2.2.2. Serum analysis

Blood samples were collected at the end of the experiment and
centrifuged at 4 °C. Serum ALT (alanine transaminase), AST (aspartate
transaminase), alkaline phosphatase activity and albumin concentration
were analyzed by using Labtest Kits (Lagoa Santa, Minas Gerais, Brazil),
following the manufacturer's recommendations.

2.2.3. Liver histopathology

After euthanasia, liver samples were fixed with 10% buffered
formalin, and embedded in paraffin blocks. Tissues were cut into 4.5 pm
sections and stained with hematoxylin and eosin stain (H&E — Cyto-
logical Products Soldan, RBP-1700-02A). A semi-quantitative assess-
ment was performed: steatosis (0-3), inflammation (0-2), and
ballooning (0-2); according to the Nonalcoholic Fatty Liver Disease
Activity Score (NAS) (Kleiner et al., 2005). In order to demonstrate
fibrosis, liver sections were stained with Picro Sirius Red. Liver fibrosis
also was semi-quantitatively determined: fibrosis (0-4). Images of the
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sections were captured through a BMX 43 microscope equipped with a
digital DP73 camera (Olympus, Tokyo, Japan). For immunohistochem-
istry, tissue samples were cut in 4.5 pm thick sections of
paraffin-embedded blocks and mounted in slides. Slides were dehy-
drated and the antigen retrieval was performed in microwave (3 cycles
of 5 min each), in citrate buffer pH = 6.0. Samples were washed in PBS
(phosphate buffered saline). Peroxidase step (3% in PBS) was performed
in slides for 10 min and afterwards washed in PBS. For the blocking step,
5% goat serum in PBS solution with 0.1% of TritonX and incubation at
room temperature for 1 h were used. Primary antibodies for aSMA
(alpha-smooth muscle actin, #19245, Cell Signaling), NF-kB (nuclear
factor kappa B, p-65, #8242, Cell Signaling), p-NF-kB (phosphorylated
nuclear factor kappa B, p-p65, #3036, Cell Signaling) and GAPDH
(glyceraldehyde 3-phosphate dehydrogenase, #97166, Cell Signaling)
in a concentration of 1:200 diluted in blocking solution were incubated
at 4 °C overnight. At the following day, samples were washed with PBS
and incubated with a secondary anti-rabbit antibody (A16160, Invi-
trogen), diluted 1:200 in PBS with TritonX 0.1%, for 1 h. After secondary
incubation, samples were washed with PBS. DAB (3,3-dia-
minobenzidine) was used as chromogen and counterstained with he-
matoxylin, followed by a rehydration step. Samples were mounted with
DPX mountain medium and let to completely dry at room temperature.
Images were obtained in a BMX 43 microscope, equipped with DP73
(Olympus, Tokyo, Japan) digital camera. Analysis of stained area were
performed by calculation of % area stained with DAB with ImageJ
software.

2.3. General techniques

2.3.1. mRNA extraction and real-time qPCR

Gene expression was determined by Real-time qPCR (Applied Bio-
systems StepOne) in GRX (a-SMA, TGF-B, PPAR-y and PPAR-a) and LX-2
(o-SMA, Col-1(type 1 collagen) and PDGFip (platelet-derived growth
factor receptor beta) cells treated with methoxyeugenol at 30 pM during
72 h, and also in hepatic tissues from animals submitted to the CCl,
fibrosis protocol (a-SMA, Col-1, IL-6 (interleukin-6), TNF-a (tumor ne-
crosis factor) and CD 163 (cluster of differentiation 163), iNOS (induc-
ible NO synthase)). mRNA was extracted using TRIzol reagent
(Invitrogen, 15596026) and reversely transcribed into cDNA, using the
Superscript III SuperMix (Invitrogen, 18080400). All samples had the
total mRNA concentration normalized at 5 pg. Relative expression levels
of interest genes were performed using the GAPDH as a reference gene.
The reactions were catalyzed by using the SYBR Green (Applied Bio-
systems). Results, expressed as AACT?, represent the x-fold increase of
gene expression compared with the corresponding control group.

2.3.2. Western blot

For protein extraction, liver tissues from mice were homogenized ina
solution containing CHAPS 0.5%, p-mercaptoethanol and proteases
(Amresco, M221). HSCs LX-2 cells were lysated with a solution con-
taining Triton (Sigma, 9002-93-1), TBS5x, EDTA (ethylenediamine tet-
raacetic acid) and protease inhibitors. Samples were normalized to 30 pg
of protein, separated with electrophoresis (polyacrylamide gel 10% w/
v) and transferred to a nitrocellulose membrane (Biorad, 1620112). The
blot was washed with Tris-HCl, NaCl, and 0.05% Tween (Sigma, P9416),
followed by 30 min incubation in blocking solution TTBS (tween-tris-
buffered saline) containing 5% BSA (bovine serum albumin). After, the
blot was washed again with TTBS and incubated overnight at 4 °C in
blocking solution containing the following primary antibodies: anti-
GAPDH, anti-aSMA, anti-NF-k§ (p65) or anti-phosphorylated-NF-kp
(p-p65). After an overnight incubation, the blot was washed and incu-
bated again for 2 h with horseradish peroxidase-conjugated anti-IgG
secondary antibody. The band was detected by a gel documentation
system (Fujifilm, LAS-3000). Band intensities were quantified through
the ImageJ software.

Journal of Ethnopharmacology 280 (2021) 114433

2.3.3. Statistical analysis

Data are reported as mean + standard deviation (SD) and analyzed
by one-way analysis of variance (ANOVA) followed by the Tukey mul-
tiple comparison test at a significance level of p < 0.05. Otherwise,
comparisons were assessed with the non-parametric Mann-Whitney U
test. Differences were considered significant at a p-value < 0.05. The
statistical program used was the GraphPad Prism Version 5.00.

3. Results

3.1. Methoxyeugenol decreases HSC proliferation without evidence of
cytotoxicity

Murine HSC GRX cells treated for 72 h with methoxyeugenol (30, 60,
125 and 250 pM) showed decreased cellular number using the MTT
assay (Fig. 1A) and cell counting (Fig. 1B). The investigation of LDH
release was performed to determine whether the decrease in the number
of GRX cells was due to necrotic cell death. The results showed that all
tested concentrations presented released LDH levels similar to the con-
trol group (Fig. 1C), indicating that the decrease in the number of cells
was not caused by necrosis. In addition, possible effects on cell viability
on two other well-known cell lines used for cytotoxicity investigations,
VERO - derived from kidney epithelial cells (Fig. 1D), and HepG2 -
derived from human hepatocellular carcinoma (Fig. 1E), were investi-
gated. Neither cell lines presented changes in their cellular viability, at
the same condition. Thus, based on the minimum concentration for a
significant reduction on GRX cell proliferation, 30 pM of methox-
yeugenol was selected for the following in vitro experiments.

3.2. Methoxyeugenol promotes a quiescent phenotype in HSC

Methoxyeugenol treatment resulted in significant lipid droplets
accumulation into the cellular cytoplasm when compared to the vehicle
group (Fig. 2A-D). Additionally, methoxyeugenol reduced HSC
contractility, as evidenced by significant inhibition of the reduction in
collagen gel area (Fig. 2E). Analysis of gene expression in GRX cells
treated with methoxyeugenol evidenced significant decrease in pro-
fibrotic genes, a-SMA (Fig. 2F) and TGF-p (Fig. 2G), an overexpression
of PPAR-y (Fig. 2H), and no changes in PPAR-« (Fig. 2I) compared to
vehicle-treated cells. Importantly, deactivation properties of methox-
yeugenol in murine HSC cell line were validated in primary HSC isolated
from CCly-induced cirrhotic rats (Fig. S1).

3.3. Methoxyeugenol protects HepG2 hepatocytes from oxidative stress
damage

Methoxyeugenol exhibited strong basal antioxidant capacity, as
demonstrated by the DPPH assay (Fig. 3A). Its antioxidant capacity was
maintained under high oxidative stress conditions, as those produced by
CCly in vitro (Fig. 3B). In addition, cell damage was also verified in
HepG2 cells that received CCly by measuring LDH release in the super-
natant, demonstrating that methoxyeugenol prevented LDH release
(Fig. 3C).

3.4. Methoxyeugenol decreases liver injury, inflammation and fibrosis in
vivo

Animals treated with CCly showed an increase in lobular inflam-
mation score compared to the vehicle group in an effect prevented in the
animals receiving methoxyeugenol (Fig. 4). The effects of methox-
yeugenol preventing liver injury was further confirmed by significant
reduction in ALT serum levels (Fig. 4E), with no changes in albumin,
alkaline phosphatase and AST levels (Fig. 52). Expression of pro-
inflammatory genes (IL-6, TNF-«, iNOS and IL-8) was significantly
increased in the CCly group compared to both control and methox-
yeugenol treated groups (Fig. 4G-M). The NF-kB protein expression
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showed a similar result, as animals treated with CCly presented a greater
expression ratio than animals from both control and methoxyugenol
treated groups (Fig. 41). The protein CD163, a cluster of differentiation
of M2 macrophages, was significantly induced in animals treated with
CCly and this effect was attenuated by methoxyeugenol (Fig. 4J).

Liver sections were stained with H&E and Picro Sirius Red and scores
for ballooning, steatosis and fibrotic areas were analyzed. The CCl,
treated group exhibited increased steatosis, ballooning, Sirius red-stain
and o-SMA area in comparison to the vehicle group (Fig. 5A-F), con-
firming that animals developed a fibrotic process. Treatment with
methoxyeugenol was able to attenuate all the analyzed parameters, both
at0.25and 1.0 mg/kg (Fig. 5D-G). Levels of mRNA expression of a-SMA
and Col-1 genes were evaluated in the hepatic tissue and animals treated
with CCly showed a high expression ratio of Col-1 and o-SMA genes,
while methoxyeugenol treated animals maintained the expression rate
similar to the control group (Fig. 5SH-I). In addition, treatment with SLM
also decreased the liver fibrosis development in the same experimental
model (Fig. 53).

3.5. Methoxyeugenol improves human HSCs phenotype via PPAR-Y
activation

Similarly to murine HSC, methoxyeugenol reduced the expression of
a-SMA in human HSC LX-2 cells (Fig. 6A). In order to assess the role of
PPAR-y in this beneficial effect, cells were pre-treated with a specific
PPAR-Y antagonist (GW9662) for 24 h, and then treated with methox-
yeugenol or vehicle for 72 h. Results demonstrated that the effect of
methoxyeugenol in LX-2 cells was suppressed when PPAR-y was
antagonized, exhibiting no improvement in the expression of Collal
(Fig. 6B) and a-SMA (Fig. 6C) in comparison to the control group.

4. Discussion

Chronic damage in liver tissue triggers a regenerative process, which
leads to hepatic fibrosis development, characterized as a continuous
healing response with hepatocytes and HSCs playing a central role.
Hepatocytes injury may trigger HSCs to an activated phenotype by an
inflaimmatory signaling pathway, guided either indirectly by Kupffer
cells or directly by the release of growth factors and pro-inflammatory
cytokines. A previous study reported the beneficial effects of nutraceu-
tical supplementation in liver diseases, such as steatosis, metabolic
syndrome and liver fibrosis (Bravo, 2009). Molecules as caffeine,
resveratrol, curcumin, vitamin E and quercetin have shown positive
effects against oxidative stress, inflammation and HSCs activation (Li
et al., 2017). Nevertheless, liver fibrosis and its clinical complications
still represent an important clinical problem and therefore novel ther-
apeutic approaches are needed. Our objective was to evaluate the effects
of methoxyeugenol in the regulation of activated HSCs phenotype and in
the protection of hepatocytes from oxidative stress, as well as its pro-
tective effects on hepatic fibrosis.

Our in vitro results demonstrated that methoxyeugenol promotes
HSCs deactivation, defined as reduced proliferation and lower expres-
sion of phenotypic activation markers. Indeed, treatment with methox-
yeugenol inhibited the increment in cultured GRX cell number, without
evidence of cell death, which suggests a reduction in the proliferative
rate. Possible toxicity of the compound was discarded by analyzing the
expression of cell death markers and these effects were further corrob-
orated by results from two other cell lines used as internal controls. Vero
cells of epithelial origin are commonly used in assays to evaluate cyto-
toxicity, as well as the HepG2 cell line, which has a carcinogenic origin,
but maintain many similarities to human hepatocytes.
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In order to determine the possible effects of the compound in the
HSCs phenotype, expression levels of profibrotic genes TGF-p and a-SMA
were investigated. Results have shown that the mRNA expression of
these genes was suppressed by treatment with methoxyeugenol. The
cytokine TGF-B is a growth factor that plays an important role in the
development of liver fibrosis, particularly by activating quiescent HSCs,
which loses the characteristic of accumulating vitamin A in its cytoplasm
and additionally enhances its contractibility (Hernandez-Gea and
Friedman, 2011). The contraction capacity of HSC is related to increased
expression of a-SMA, since this actin isoform is highly expressed in
myofibroblasts and their activation play a key role in the development of
the fibrotic response. Collagen gel test confirmed the decrease of
contraction capacity of HSC cells treated with methoxyeugenol. In
addition, in human activated HSCs (LX-2), the treatment reduced mRNA
expression levels of a-SMA and Collagen1, as well as protein levels of
a-SMA, indicating a modulating effect of methoxyeugenol on activated
HSCs phenotype.

HSCs are the main storage source of vitamin A in the human body,
which is located in quiescent HSCs cytoplasm, into lipid droplets. The
loss of cytoplasmatic lipid accumulation is a morphological character-
istic of activated HSCs. The maintenance of the lipid metabolism occurs
by nuclear receptors of the PPAR’s family, mainly by PPAR-0/y (Chen
et al., 2015). The treatment with methoxyeugenol increased PPAR-yY
mRNA expression, which associated with the results obtained with Oil
Red-O staining, indicates a more quiescent phenotype by lipid droplets
formation in GRX cells. In addition, treatment with NAC also induced
lipid droplets development in the cytoplasm, although this seems to be
through a PPAR-a activation pathway (Iim et al., 2001). More impor-
tantly, the pre-treatment of LX-2 cells with specific PPAR-y antagonist
(GW9662) suppressed the effects of methoxyeugenol treatment on
activated HSCs phenotype markers collagenl and o-SMA. Taken
together, these results suggest that the beneficial effects of methox-
yeugenol in murine and human HSCs is, at least in part, through the
activation of PPAR-y. Our results are in agreement with previous studies
using synthetic activators of PPARs, although the present study dem-
onstrates such effects using a natural compound that may present much
lower undesired side-effects then full agonists of PPARs (Chen et al.,
2015; Nan et al., 2013). Several studies have shown that the PPAR-y
activation can inhibit macrophage activation and inflammatory path-
ways mediated by NF-kp (Mirza et al, 2019; Qu et al., 2017). The
PPAR-y activation may improve the phenotype modulation of activated
HSC by restoring the lipid metabolism and by inhibiting the inflamma-
tory signaling. These combined effects show that natural activators of
PPARs are great alternatives for the development of new therapies for

chronic liver diseases.

Moreover, we have investigated the potential of methoxyeugenol to
prevent hepatocyte injury in vitro. One important pathway for HSCs
activation is through hepatocyte signaling, since these cells represent
approximately 80% of the hepatic cell population and are responsible
for metabolizing many substances. The damage to the liver tissue is
often due to oxidative stress derived from metabolism or inflammatory
processes. Therefore, the ability of methoxyeugenol to scavenge free
radicals was evaluated. Results revealed that methoxyeugenol has high
antioxidant activity, both under basal in vitro conditions and upon
oxidative stress challenge achieved through CCly treatment.

In summary, the in vitro results demonstrated that methoxyeugenol
were able to deactivate human and murine HSC, and to protect hepa-
tocytes. Therefore, in vivo activity of methoxyeugenol in CCly-induced
liver fibrosis model was investigated. The periodic administration of
CCly leads to lipid accumulation (steatosis), increased inflammatory
infiltrate, loss of normal hepatocytes, collagen deposition, and fiber
segmentation formation. These hepatic tissue alterations can be classi-
fied by the degree of hepatic fibrosis according to NAFLD Activity Score
in HE stained sections. Interestingly, treatment with methoxyeugenol
attenuated the inflammatory process and fibrosis observed in mice
chronically treated with CCl. In addition, treatment with methox-
yeugenol was able to decrease ALT serum levels when compared to the
vehicle group. Exacerbated deposition of extracellular matrix compo-
nents during liver fibrosis is a result of HSC activation and related to the
expression of type 1 collagen and a-SMA genes. Both genes and a-SMA
protein expression were suppressed with methoxyeugenol treatment.
Moreover, in the same experimental model, we showed that the use of
SLM as a positive control decreases the liver fibrosis development.

Inflammation is a beneficial process for the regeneration of damaged
tissues and the elimination of pathogens, however chronic inflammation
may result in a permanent healing state in the liver, initiating the
fibrotic process. NF-kB is a nuclear transcription factor involved in in-
flammatory regulation and cell death in several cell types. NF-kB is a
heterodimer consisting of two subunits, p65 and p50. When not stimu-
lated, the NF-kB factor is found in the cytoplasm, linked to the Ik-B
inhibitory protein. This complex prevents the translocation of the NF-
kB to the nucleus. The phosphorylation of Ik-B, a family of inhibitory
proteins, by 1k-B kinases in critical serine residues (Ser32 and Ser36)
determines the release of NF-kB to the cell nucleus, where it will play its
role as a factor of transcription for inflammatory interleukins. Thus,
phosphorylation and degradation of 1k-B are necessary for translocation
to occur. Different stimuli can activate NF-kB, including pathogen-
related molecules, such as LPS (lipopolysaccharide), or inflammatory
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Fig. 4. In vivo effects of methoxyeugenol on liver
inflammation. Lobular inflammation was evaluated
on H&E staining of mice treated with vehicle (A),
CCl; (B), methoxyeugenol 0.25 mg/kg + CCL; (C) or
methoxyeugenol 1.0 mg/kg + CCl4 (D). Black arrows
indicate hepatic infiltrates. Magnification of 400 x.
ALT serum levels (E), quantification of lobular in-
flammation score (F), IL-6 (G), TNF-a (H) and pro-
tein expression ratio of NF kp (p-p65/p65) (I).
Expression of mRNA ratio of CD163 (J), INOS (K) IL-
1b (L), IL-8 (M). Data represent mean + standard
deviation (SD) (n = 3-8). “p < 0.05 compared with
the vehicle group. **p < 0.01 compared with the
vehicle group. ***p < 0.001 compared with the
vehicle group. #p < 0.05 compared with the CCly
group. ##p < 0.01 compared with the CCl; group.
###p < 0.001 compared with the CCl; group.
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Fig. 5. In vivo effects of methoxyeugenol on liver fibrosis. H&E (A), Picro Sirius (B), a-SMA immunohistochemistry (C) staining of representative mice treated
with vehicle, vehicle + CCl,, methoxyeugenol 0.25 mg/kg + CCl, or methoxyeugenol 1.0 mg/kg + CCl,. Magnification of 400x. Quantification of Steatosis score (D),
Ballooning score (E), Fibrotic area score (F), % of positive ®-SMA area (G), expression of mRNA ratio of Col-1 (H) and «-SMA (I). Data represent mean =+ standard

deviation (SD) (n = 8). *p < 0.05 compared with the vehicle group.

0.01 compared with the CCl; group. ###p < 0.001 compared with the CCl; group.

< 0.001 compared with the vehicle group. #p < 0.05 compared with the CCl; group. ##p <
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cytokines, such as tumor necrosis factor-a (TNF-o) (Luedde and
Schwabe, 2011). NF-kB activation (phosphorylation) leads to tran-
scription of many genes related to inflammatory cytokines, such as iNOS
and interleukins (IL-1b, IL-6, IL-8). NF-kB activation also leads to the
recruitment of inflammatory infiltrates that are characterized by intra-
lobular inflammation, which consists of a variety of inflammatory cells
(lymphocytes, neutrophils, eosinophils, and Kupffer cells). Even though
the inflammatory role of NF-kB is not completely elucidated, it is known
that its basal levels are beneficial for maintaining liver tissue
homeostasis.

Moreover, studies have shown that NF-kB deletion may lead to
spontaneous development of liver fibrosis (Luedde and Schwabe, 201 1).
However, pronounced activation of NF-kB may also result in the
development of fibrosis, considering that its activation leads to HSC
activation. Even with this dual role of NF-kB, drugs that influence the
regulation of inflammation by one of its pathways are considered as
research candidates for the development of new therapies (Papa et al.,
2009). Treatment with methoxyeugenol was able to reduce intralobular
inflammation, decrease TNF-u, iNOS, IL-6, and IL-8 gene expression, as
well as NF-kB protein expression. Methoxyeugenol increases the
expression of PPAR-Y, which is considered an important factor in the
metabolism of lipids and glucose, also participating in several biological
responses, such as anti-inflammatory and antiproliferative actions. Its
anti-inflammatory effects cause inhibition of NF-kB and consequent
suppression of the expression of pro-inflammatory proteins, including

10

IL-6, IL-8, TNF-u, and MCP-1 (Jung-Hoon et al., 2015). The hemoglobin
scavenger receptor, CD163, is a M2 macrophage-specific protein and
higher CD163 expression in macrophages is characteristic of tissues
responding to inflammation (Etzerodt and Moestrup, 2012). The treat-
ment with methoxyugenol decreased the inflammation in vivo and the
CD163 results have also shown a decrease, indicating that there is less
scavenger process.

In order to validate the effects on human HSC and to investigate the
PPAR-Y role in the use of methoxyeugenol, we have used the irreversible
and selective PPAR-Y inhibitor, GW9662. The use of GW9662 on cell
lines, aiming to test PPAR-y potential ligands are well established on
previous studies, normally using the concentration of 10 pm (Ma et al.,
2017). The pre-treatment of LX-2 cells with the specific PPAR-y antag-
onist (GW9662) suppressed the effects of methoxyeugenol treatment on
activated HSC phenotype markers collagen1 and o-SMA. Regarding HSC
activation, the PPAR-y expression is dramatically reduced, whereas the
opposite effect is observed on HSC quiescent phenotype, demonstrating
that PPAR-y is an important modulator of HSC activation (He et al.,
2019). In addition, studies have shown that an increase in PPAR-y
expression leads to a NF-kB suppression (Zong et al., 2013). Thus, the
regulation of this nuclear receptor can bring different benefits for liver
fibrosis treatment, modulating HSC phenotype and reducing inflam-
matory signaling.
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5. Conclusions

In conclusion, the present study has shown the use of a nutraceutical
molecule, which is currently mainly used as food additive, as a new
therapeutic agent for the treatment of hepatic fibrosis. Results showed
that methoxyeugenol was able to modulate the activated phenotype of
HSC by activating PPAR-y and demonstrated a protective effect against
oxidative stress damage in hepatocytes. In vivo experiments further
indicated that methoxyeugenol promotes a protective effect, improving
inflammatory parameters and fibrosis, probably due to an increase of
PPAR-y activation that inhibits the NF-kB inflammatory signaling.

Declaration of competing interest

All the authors have no conflict of interest and all of them have read
the manuscript and approved the submitted manuseript.

Financial support

This study was financed in part by the Coordenagao de Aperfeicoa-
mento de Pessoal de Nivel Superior —Brasil (CAPES) - Finance Code 001,
and the Instituto de Salud Carlos III — Ministerio de Ciencia e Innovacion
(FIS PI17/00012).

Ethics approval

All procedures performed in this study involving animals were
approved by PUCRS Animal Ethics Committee, code 8318.

Author contributions

Conceptualization, Bruno de Souza Basso; Formal analysis, Bruno de
Souza Basso; Funding acquisition, Jordi Gracia-Sancho and Jarbas
Rodrigues de Oliveira; Investigation, Bruno de Souza Basso, Gabriela
Viegas Haute, Marti Ortega Ribera, Carolina Luft, Géssica Luana
Antunes, Matheus Scherer Bastos, Eduardo Cassel, Eliane Romanato
Santarém, Jordi Gracia-Sancho and Jarbas Rodrigues de Oliveira;
Methodology, Bruno de Souza Basso, Gabriela Viegas Haute, Marti
Ortega Ribera, Carolina Luft, Géssica Luana Antunes, Matheus Scherer
Bastos, Leonardo Pfeiff Carlessi, Vitor Giancarlo Levorse, Eliane Roma-
nato Santarém, Jordi Gracia-Sancho and Jarbas Rodrigues de Oliveira;
Resources, Eliane Romanato Santarém; Writing — original draft, Bruno
de Souza Basso; Writing — review & editing, Bruno de Souza Basso,
Marcio Vinicius Fagundes Donadio, Eliane Romanato San-tarém, Jordi
Gracia-Sancho and Jarbas Rodrigues de Oliveira.

CRediT authorship contribution statement

Bruno de Souza Basso: Conceptualization, Formal analysis, Inves-
tigation, Methodology, Writing — original draft, Writing — review &
editing. Gabriela Viegas Haute: Investigation, Methodology. Marti
Ortega-Ribera: Investigation, Methodology. Carolina Luft: Investiga-
tion, Methodology. Géssica Luana Antunes: Investigation, Methodol-
ogy. Matheus Scherer Bastos: Investigation, Methodology. Leonardo
Pfeiff Carlessi: Methodology. Vitor Giancarlo Levorse: Methodology.
Eduardo Cassel: Investigation. Marcio Vinicius Fagundes Donadio:
Writing - review & editing. Eliane Romanato Santarém: Investigation,
Methodology, Resources, Writing — review & editing. Jordi Gracia-
Sancho: Funding acquisition, Investigation, Methodology, Writing —
review & editing. Jarbas Rodrigues de Oliveira: Funding acquisition,
Investigation, Methodology, Writing — review & editing.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence

11

Journal of Ethnopharmacology 280 (2021) 114433
the work reported in this paper.
Acknowledgments

This study was supported by CNPq (Conselho Nacional de Desen-
volvimento Cientifico e Tecnologico, 142335/2015-0). GVH received a
fellowship from CNPq and CL, GLA and BSB received fellowships from
CAPES (Coordenacao de Aperfeicoamento de Pessoal de Nivel Superior,
financial code 001).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jep.2021.114433.

References

Abourashed, E., El-Alfy, A., 2016. Chemical diversity and pharmacological significance
of the secondary metabolites of nutmeg (Myristica fragrans Houtt.). Phytochemistry
Rev. 15 (6), 1035-1056. https://doi.org/10.1007/s11101-016-9469-x.

Agnihotri, S., Wakode, S., Ali, M.,
Composition, antimicrobial and topical ar
26 (23), 2266-2269.

Asgarpanah, J., Kazemivash, N., 2012. Phytochemistry and pharmacologic properties of
Myristica fragrans Hoyutt.: a review. Afr. J. Biotechnol 11 (65), 12787-12793.

Boeing, T., Mejia, J.A.A., Ccana-Ccapatinta, G.V., Mariott, M., Silva, R., de Souza, P.,
Mariano, L.N.B., Oliveira, G.R., da Rocha, .M., da Costa, G.A., de Andrade, S.F., da
Silva, L.M., Bastos, J.K., 2020. The gastroprotective effect of red propolis extract
from Northeastern Brazil and the role of its isolated compounds. J. Ethnopharmacol.
hitps://doi.org/10.1016/}.jep.2020,113623,

Bravo, L., 2009. Polyphenols: chemistry, di
significance. Nutr. Rev. 56 (11), 317-333.

Chen, L, Li, L., Chen, J., Li, L., Zheng, Z., Ren, J., Qiu, Y., 2015. Oleoylethanolamide, an
endogenous PPAR-« ligand, attenuates liver fibrosis targeting hepatic stellate cells,
Oncotarget 6 (40), 42530-42540.

Costa, B.P.,, N M.T., Diz, F.M., Fernandes, K.H., Antunes, G.L., Grun, L.K., Barbe-
Tuana, F. unes, F.B., Branchini, G., Oliveira, JR 21. Methoxyeugenol
regulates the p53/p21 pathway and suppre: human endometrial cancer cell
proliferation. J. Ethnopharmacol. 267, 113645.

De Mesquita, F.C., Bitencourt, S., Caberlon, E., Da Silva, G.V., Basso, B.S., Schmid, J., De
Oliveira, J.R., 2013. Fructose-1,6-bisphosphate induces phenotypic reversion of
activated hepatic stellate cell. Eur. J. Pharmacol. 720 (1-3).

De Oliveira, C.M., Martins, L.A.M., de Sousa, A.C., Moraes, K.D.S., Costa, B.P., Vieira, M.
Q., Coelho, B.P., Borojevic, R., de Oliveira, J.R., Guma, F.C.R., 2020. Resveratrol
increases the activation markers and changes the release of inflammatory cytokines
of hepatic stellate cells. Mol Cell Biochem. 476 (2), 649-661. https://doi.org
10.1007/s11010-020-03933-1. Feb.

Dias, H.B., Krause, G.C., Squizani, ED., et al, 2017. Fructose-1,6-bisphosphate reverts
iron-induced phenotype of hepatic stellate cells by chelating ferrous ions. Biometals
30, 549-558. https://doi.org/10.1007/510534-017-0025-y.

Etzerodt, A., Moestrup, S., 2012. CD163 and inflammation: biological, diagnostic, and
therapeutic aspects. Antioxidants Redox Signal. 18 (17), 2352-2363. https://doi.
org/10.1089/ars.2012,4834. Jun 10.

European Food Safety Authority EFSA, Parma, Italy, 2011. Scientific Opinion on the

ilenta Buch. Ham.:

at. Prod. Res.

2012. Essential oil of Myrica e
i-inflammatory activities. !

y sources, metabolism, and nutritional

safety and efficacy of allylhy-droxybenzenes (chemical group 18) when used as
flavourings for all animal species. EFSA J. 9 (12), 2440.

Friedman, S.L., 2008. Mechanisms of hepatic fibrogenesis. Gastroenterology 134 (6),
1655-1669.

Ghisalberti, E., 1979. Propolis: a review. Bee World 60 (2), 59-84. https://doi.org
10.1080/0005772X.1979.11097738.

Gionfriddo, G., Plastina, P., Augimeri, G., Catalano, S., Giordano, C., Barone, L,
Morelli, C., Giordano, F., Gelsomino, L., Sisci, D., Witkamp, R., Ando, S., van
Norren, K., Bonofiglio, D., 2020. Modulating tumor-associated macrophage
polarization by synthetic and natural PPARy ligands as a potential target in breast
cancer. Cells 9 (1), 174. https://doi.org/10.3390/cells9010174. Jan 10.

Gracia-Sancho, J., Marrone, G., Fernande: s, A., 2018, Hepatic microcirculation

s of portal hyper-tension. Nat. Rev. 16, 221-234.

Franceschi, M.F.S., Andrade, C.M.B., Guaragna, R.M., Borojevic, R.,

Margis, R., Guma, F.C.R., 2007. Hepatic stellate cell line modulates lipogenic

gles
and mechani
Guimaraes, E.L.

transcription factors. Liver Int. 27 (9), 1255-1264.

He, J., Hong, B., Bian, M., Jin, H., Chen, J., Shao, J., Zhang, F., Zheng, S., 2019.
Docosahexaenoic acid inhibits hepatic stellate cell activation to attenuate liver
fib n a PPARy-dependent manner. Int. Inmunopharm. 75, 105816.

Hernandez-Gea, V., Friedman, S.L., 2011. Pathogenesis of liver fibrosis. Annu. Rev.
Pathol. 6, 425-456.

Iredale, J., 2008. Defining therapeutic targets for liver fibrosis: exploiting the biology of
inflammation and repair. Pharmacol. Res. Commun. 58, 129-136.

Ivanova, E.A., Parolari, A., edova, lelnichenko, A.A., Bobryshev, Y.V.,
Orekhov, AN., 2015. Peroxisome proliferator-activated receptor (PPAR) gamma in
cardiovascular disorders and cardiovascular surgery. J. Cardiol. 66, 271-278.




B. de Souza Basso et al.

Jung-Hoon, K., Jaewhan, S., Kye Won, P., 2015. The multifaceted factor peroxisome
proliferator-activated receptor ¢ (PPARc) in metabolism, immunity, and cancer.
Pharm. Res. (N. Y.) 38, 302-312.

Kamdem, D.P., Gage, D.A., 1995. Chemical composition of essential oil from the root
bark of Sassafras albidum. Planta Med. 61 (6), 574-575. https://doi.org/10.1055/s-
2006-959379. Dec.

Kim, K.Y., Rhim, T.Y., Choi, I, Kim, S.5., 2001. N-acetylcysteine induces cell cycle arrest
in hepatic stellate cells through its reducing activity. JBC 276 (44), 40591-40598.

Kleiner, D.E., Brunt, E.M., Van Natta, M., Behling, C., Contos, M.J., Cummings, O.W.,
Sanyal, A.J., 2005. Design and validation of a histological scoring system for
nonalcoholic fatty liver disease. Hepatology 41 (6), 1313-1321.

Krause, G.C., Lima, K.G., Haute, G.V., Schuster, A.D., Dias, H.B., Mesquita, F.C.,
Pedrazza, L., Marczak, E.S., Basso, B.S., Velasque, A.C., Martha, B.A., Nunes, F.B.,
Donadio, M.V., de Oliveira, J.R., 2017. Fructose-1,6-bisphosphate decreases IL-8
levels and increases the activity of pro-apoptotic proteins in HepG2 cells. Biomed.
Pharmacother. 89, 358-365. https://doi.org/10.1016/j.biopha.2017.01.178. May.

Li, F., Yang, Y., Yang, L., Wang, K., Zhang, X., Zong, Y., Ji, G., 2017. Resveratrol
alleviates FFA and CCl4 induced apoptosis in HepG2 cells via restoring endoplasmic
reticulum stress. Oncotarget 8 (27), 43799-43809.

Liedtke, C., Luedde, T., Sauerbruch, T., Scholten, D., Streetz, K., Tacke, F.,
Weiskirchen, R., 2013. Experimental liver fibrosis research: update on animal
models, legal issues and translational aspects. Fibrogenesis Tissue Repair 6 (1), 19.
https://doi.org/10.1186/1755-1536-6-19. Oct 1.

Luedde, T., Schwabe, R.F., 2011. NF-B in the liver-linking injury, fibrosis and
hepatocellular carcinoma. Nat. Rev. Gastroenterol. Hepatol. 8, 108-118.

Ma, Z.G., Yuan, Y.P., Zhang, X., Xu, S.C., Wang, S.S., Tang, Q.Z., 2017. Piperine
attenuates pathological cardiac fibrosis via PPAR-y/AKT pathways. EBioMedicine
18, 179-187. https://doi.org/10.1016/j.ebiom.2017.03.021, 2017.

Marrone, G., Shah, V.H., Gracia-Sancho, J., 2016. Sinusoidal communication in liver
fibrosis and regeneration. J. Hepatol. 65 (3), 608-617. Sep.

Mirza, A., Althagafi, L., Shamshad, H., 2019. Role of PPAR receptor in different diseases
and their ligands: physiological importance and clinical implications. Eur. J. Med.
Chem. 166 (15 March), 502-513.

Nan, Y.M., Kong, L.B., Ren, W.G., Wang, R.Q., Du, J.H., Li, W.C,, Yu, J., 2013. Activation
of peroxisome proliferator activated ptor alpha i thanol mediated
liver fibrosis in mice. Lipids Health Dis. https://doi.org/10.1186/1476-51 1X-12-11.
Feb 6;12:11.

Pragyan, A., Komal, C., Sabine, W., Ralf, W., 2021. Cellular mechanisms of liver fibrosis.
Front. Pharmacol. 12, 1072.

Papa, S., Bubici, C., Zazzeroni, F., Franzoso, G., 2009. Mechanisms of liver disease: cross-
talk between the NF-xB and JNK pathways. Biol. Chem. 390, 965-976.

Popov, Y., Schuppan, D., 2009. Targeting liver fibrosis: strategies for development and
validation of antifibrotic therapies. Hepatology 50, 1294-1306. https://doi.org/

10.1002/hep.23123.

Journal of Ethnopharmacology 280 (2021) 114433

Qu, Y., Zhou, L., Wang, C., 2017. Mangiferin inhibits IL-1f-induced inflammatory
response by activating PPAR-y in human osteoarthritis chondrocytes. Inflammation
40 (1) (February).

Righi, A.A., Alves, T.R., Negri, G., Marques, L.M., Breyer, H., Salatino, A., 201 1. Brazilian
red propolis: unreported substances, antioxidant and antimicrobial activities. J. Sci.
Food Agric. 91 (13), 2363-2370.

Silva, J.B., Paiva, A.R., Costa, M.F.M., Viana, A., Aratjo, N., Bezerra, S., Freitas, LA.,
Batista, S., 2019. Hepatop ive and antineopl potential of red propolis
produced by the bees Apis mellifera in the semiarid of Rio Grande do Norte, Brazil.
Pesqui. Vet. Bras. 39 (9), 744-756. https://doi.org/10.1590/1678-5150-pvb-6214.

Singh, G., Marimuthu, P., De Heluani, C.S., Catalan, C., 2005. Antimicrobial and
antioxidant potentials of essential oil and acetone extract of Myristica fragrans
Houtt. (aril part). J. Food Sci. 70 (2), M141-M148. https://doi.org/10.1111/}.1365-
2621.2005.tb07105.x.

Sforcin, J.M., 2016. Biological properties and therapeutic applications of prop
Phytother Res. 30 (6), 894-905. https://doi.org/10.1002/ptr.5605. Jun.

Tighe, S., Akhtar, D., Iqbal, U., Ahmed, A., 2020. Chronic liver disease and silymarin: a
biochemical and clinical review. J. Clin. Transl Hepatol. 8 (4), 454-458. https://doi.
org/10.14218/JCTH.2020.0001 2. Dec 28.

Tyagi, S., Gupta, P., Saini, A., Kaushal, C., Sharma, S., 2011. The peroxisome proliferator-
activated receptor: a family of nuclear receptors role in various diseases. "J. Adv.
Pharm. Technol. Research™ (JAPTR)" 2, 236-240.

Wang, L., Waltenberger, B., Pferschy-Wenzig, E., Blunder, M., Liu, X., Malainer, C.,
Blazevic, T., Schwaiger, S., Rollinger, J., Heiss, E., Kopp, D., Bauer, R., Stuppner, H.,
Dirsch, V., Atanasova, A., 2014. Natural product agonists of peroxisome proliferator-
activated receptor gamma (PPARy): a review. Biochem. Pharmacol. 92 (1), 73-89.

Yimam, M., Jiao, P., Hong, M., Jia, Q., 2016. Hepatoprotective activity of an herbal
composition, MAP, a standardized blend comprising myristica fragrans, Astragalus
membranaceus, and poria cocos. J. Med. Food. 19 (10), 952-960. https://doi.org/
10.1089/jmf.2016.0048. Oct.

Zhang, Y., Miao, H., Yan, H., Sheng, Y., Ji,L., 2018. Hepatoprotective effect of Forsythiae
Fructus water extract against carbon tetrachloride-induced liver fibrosis in mice.

J. Ethnopharmacol. 218, 27-34. https://doi.org/10.1016/j.jep.2018.02.033. May
23.

Zhao, W., Song, F., Hu, D., Chen, H., Zhai, Q., Lu, W., Zhao, J., Zhang, H., Chen, W.,
Gu, Z., Wang, G., 2020. The protective effect of myristica fragrans Houtt. Extracts
against obesity and inflammation by regulating free fatty acids metabolism in
nonalcoholic fatty liver disease. Nutrients 12, 2507. https://doi.org/10.3390/
nul2092507.

Zong, L., Qu, Y., Xu, M.Y,, Dong, Y.W., Lu, L.G., 2013. Effect of 18«-GA on HSCs.

J. Digest. Dis. 14, 328-336. https://doi.org/10.1111/1751 2980.12041.

12



Supplementary data

>
w
@]

M
°
T
)
=)

1
?

-
w
1

-
23
1
-
@
1

-
o
T

o

5]
i

o

L

{
e
b

S
(=]

=4
o

o
o
Relative PDGFR[} expression ratio

Relative Col1a1 expression ratio
P
T
oy *
Relative «-SMA expression ratio
>
T
*

Supplementary Figure 1. Effect of methoxyeugenol on primary HSC isolated from cirrhotic rats
induced with CCls. mMRNA expressions levels of aSMA (A), Collagen1 (B) and PDGFRB (C) were

evaluated. Data represent mean * standard error of the mean (n=3). *P<0.05 compared with vehicle

group.
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Supplementary Figure 2. Effect of methoxyeugenol on the serum markers of fibrotic mice induced
with CCls. Concentration AST (A), albumin (B) and alkaline phosphatase (C). Animals received
CCls, methoxyeugenol at 0.25 and 1.0 mg/Kg twice a week for 10 weeks. Data represent mean +

standard error of the mean (n = 8).
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Supplementary Figure 3. Effect of Sylimarin on liver fibrosis development. H&E (A), Picro Sirius (B),
a-SMA immunohistochemistry (C) staining of representative mice treated with vehicle,
vehicle+CCl4, SLM 200mg/Kg +CCl4. Magnification of 400x. ALT (D) and AST (E) serum levels.
Expression of mRNA ratio of a-SMA (F) and Col-1 (G). Quantification of Fibrotic area score (H) and
% of positive a-SMA area (l). Data represent mean + standard deviation (SD) (n = 4). *p<0.05
compared with the vehicle group. ***p<0.001 compared with the vehicle group. #p<0.05 compared
with the CCls group. ##p<0.01 compared with the CCls group.
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6. ARTIGO 2. Artigo submetido ao periodico Planta Medica (IF: 3.35)

Objetivo 2

Avaliar o efeito do tratamento do extrato de B. anomala em modelo de
fibrose hepatica in vivo e identificar os principais compostos fendlicos

presente no extrato.
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ABSTRACT

The beneficial effect of Baccharis anomala extract treatment on liver fibrosis
was evaluated through an in vivo model of liver fibrosis induced by CCls in mice.
Previously reported, B. anomala extract was able to modulate hepatic stellate cells
(HSC) activated phenotype, which play a central role on extracellular matrix (ECM)
deposition on liver fibrosis development. B.anomala is a plant found in South
America and is used as diuretic and for gastrointestinal disorder, and studies have
recently reported its antiviral and anti-inflammatory activity. Treatment with extract
of B.anomala was able to reduce fibrosis hallmarkers expression (aSMA and col-
1), to decrease the reactive oxygen species formation and lipid peroxidation. The
extract showed an anti-inflammatory effect on liver, suppressing NF-kB activation,
and reducing downstream targets signaling (IL-6 and iINOS). The data obtained

showed that B. anomala extract has antifibrotic and anti-inflammatory effect.

KEY WORDS: Baccharis anomala, nutraceutical, oxidative stress, liver disease.
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1. INTRODUCTION

Baccharis anomala is a species used on folk medicine as an antiseptic
agent on wounds, as diuretic and for gastroenteritis (Campos et al., 2016; Xavier et
al., 2013). It is mainly found in south of South America (Argentina, Uruguay, and
Paraguay) and in southeastern and south regions of Brazil (Heiden and Schneider,
2010).

As previously reported by our research group, extracts of B. anomala
deactivates the activated phenotype of hepatic stellate cells (HSC) (Basso et al.,
2019). The treatment with two fractions (fractions Il and IV) obtained from the
crude extract of B. anomala was able to reduce the cellular proliferation and pro-
fibrotic markers, as well to induce the quiescent phenotype of activated HSC (GRX
cells). The main phenolic constituents in the fractions from the methanolic extract
were the chlorogenic, hydroxybenzoic and coumaric acids. Studies have also
reported that B. anomala extract presents antiviral activity and beneficial effects on
inflammatory background diseases (Venturi et al., 2018; Basso et al., 2019). HSCs
are the main source of extracellular matrix (ECM) elements deposition on liver
during the fibrosis process. HSC on activated phenotype also leads to an increase
in the proliferation profile and pro-inflammatory signaling. The modulation of these
cells is target of therapeutics for reducing the fibrosis development on hepatic
tissue (Higashi et al., 2017).

Liver fibrosis consists of a constant wound healing process on the liver, due
to a chronic damage on hepatic cells. Most chronic liver diseases are due to viral
infections and alcohol abuse or induced by the use of drugs. Liver cell population is
composed mostly by hepatocytes, followed by endothelial cells, HSC and Kupffer
cells (Friedman, 2008). Hepatocytes are responsible for the metabolism of many
substances and are therefore the first target of toxins. Damaged hepatocytes can
trigger the fibrotic development by signaling HSC and contribute to activation of the
specialized macrophages from liver, Kuppfer cells, which in turn when activated,
enhance proinflammatory signaling pathways. As consequence, a continuous

harmful process is established in the hepatic tissue (Marrone et al., 2016).
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There is no standard established treatment for liver fibrosis, although current
therapeutic strategies consist mostly of decreasing the chronic damage and
improving liver function (Odagiri et al., 2021). Drugs, such as N-acetylcysteine
(NAC), which can reduce oxidative stress and increasing the synthesis of
endogenous antioxidants are considered treatments for fibrosis, (Kim et al., 2001,
Iredale, 2008). Natural compounds, crude extracts or isolated molecules obtained
from plants have progressively attracted attention for devising antifibrotic therapies.
(Bravo, 2009). Being obtained from renewable sources, natural compounds can be
considered excellent candidates for new molecules, biocompounds or extracts with

a biotechnological application.

In the present study, we evaluated the therapeutic effect of the methanolic
extract of B. anomala leaves in mice submitted to the liver fibrosis protocol
induction by CCls. The effects of the extract on fibrotic and inflammatory markers

and on damage from oxidative stress were evaluated.

2. METHODS
2.1 Plant material and extract preparation

The extract was prepared with leaves of Baccharis anomala DC collected in
Sédo Francisco de Paula (latitude, 29°29S; longitude, 50° 11 W; 950 m) southern
Brazil (Rio Grande do Sul state). The specimen was identified and deposited
(voucher specimen number 3354) in the Pontificia Universidade Catodlica do Rio
Grande do Sul Herbarium. For extract preparation the plant material was
completely dried at room temperature, then the dried leaves were powdered and
stored at -20 °C. The methanol extract was prepared at concentration of 3 pug/mL,
in a methanolic solution (80% methanol + 20% distilled water). In a volumetric
flask, containing the powdered vegetal material and the methanol solution, the
mixture was ultrasonified in an ultrasonic bath for 15 min at room temperature.
Then, the mixture was transferred to a falcon and centrifugated for 10 min at 4x10°

g. After centrifugation, the supernatant was collected and dried in a rotary
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evaporator (Basso et al.,2019). For animal treatment, the extract was solubilized in

saline solution and administered via i.p. 50 or 100 mg/Kg.
2.2 Identifications of major components of crude extract

The major phenolic compounds from crude extract were determined by High
Performance Liquid Chromatography (HPLC), in a Sikam Chromatography™ S
600, and UV/VIS detector Mod. 3345DAD. Separation of phenolic compounds was
done in a MetaSil ODS column (5 um; 250 x 4.6 mm), with a Cis guard column.
Temperature of the column oven was set at 25 °C. Chromatographic data were
processed by Clarity Chromatography Software. Molecules present in the extract
were compared by the retention times to the commercial standards caffeic acid,
coumaric acid, gallic acid, hydroxybenzoic acid and chlorogenic acid. The mobile
phase was composed of methanol (elution solvent A) and acidic water with formic
acid (2.5%; v/v) (elution solvent B). The linear gradient started with 10% eluent B
from O to 10 min, 20% to 80% B from 10 to 25 min, 80% to 100% B from 25 min to
32 min and 100% B from 32 to 35 min. The flow rate was 0.5 mL/min, and

detection was carried out at 280 nm.
2.3 Animals

For the in vivo experiments, 8 weeks old male BALB/c mice were bread, till
they weighing 25-30 g at the university animal facility (CeMBE, PUCRS). CeMBE
facilities provides ventilated cages with specific pathogen free conditions,
controlled temperature and humidity, the light cycle for experiments using mice is

12h of light and 12h dark. The animals have free access to water and ration.

For the liver fibrosis model, were used the chronic carbon tetrachloride
(CCl4) protocol by periodic CCls injection. In the experiment in vivo, 24 BALB/c
mice were randomly allocated to four groups (six mice per group): Control group;
CCls group; CCls + 50mg/Kg of extract; CCla+ 100 mg/Kg of extract. The
administration of CCls was done via i.p. (20% of CCls in olive oil, 1ml/Kg) three
times a week for a total of ten weeks. The treatments with 50 or 100 mg/Kg (in

saline) were administered via i.p. in alternate days to the CCls injection on groups
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that received the treatment with extract, and only saline was used in CCls group.
After ten weeks of protocol, animals were sacrificed by decapitation, and for the
following experiments the blood and liver were collected. The work is in agreement

with all Animals procedure terms of CeMBE (project number 8318).
2.4 Serum analysis

From the collected blood, the serum was separate by centrifuged at 4 °C,
3000 rpm for 10 min. Using commercial kits from Labtest Kits (Lagoa Santa, Minas
Gerais, Brazil) was analyzed the enzymatic activities of alanine transaminase
(ALT) and aspartate transaminase (AST). The experiments were carried out

following the manufacturer's recommendations.
2.5 Liver histopathology

From the collected liver, samples were fixed with 10% buffered formalin and
were subjected to tissue processing for the next experiments. Paraffin blocks
contain liver tissues slices were cut into 5 ym sections. From the mounted slides,
stanning with hematoxylin and eosin stain (H&E) and Picro Sirius Red were
performed. For immunohistochemistry, the antigen retrieval in the mounted slides
was performed using microwave heat (3 cycles of 5 min), in a glass recipient with
citrate buffer (pH= 6). After antigen retrieval step, slides were submitted to a
peroxidase step (3% in PBS) for 10 min. After peroxidase step, slides were washed
in PBS then a blocking step was performed (5% of goat serum in PBS solution with
0.1% of Triton X) at room temperature for 1h. After blocking step, the primary
antibody (aSMA) was added to the tissue on the slides. For secondary antibody
incubation, was used anti-rabbit antibody, diluted in PBS with Triton X 0.1% (1:300)
for 1 h. For visualization of positive areas for the primary antibody, DAB (3, 3'
diaminobenzidine tetrahydrochloride) was used. Samples were counterstained with
Hematoxylin and mounted using DPX mounting medium. Images were obtained
using microscope BMX 43 equipped with DP73 digital camera (Olympus, Tokyo,
Japan).
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2.6 Oxidative stress on liver

For oxidative stress and enzymatic assays, liver was macerated in PBS,
centrifuged at 4x102 g for 10 min and supernatant was collected. The total protein
in each sample was determined using the Nanodrop Spectrophotometer (Thermo

Scientific).

For the thiobarbituric acid reactive substance (TBARS) assay, 10 pl of the
collected supernatant was added to a mixture of 10 pl of sodium dodecyl sulfate +
400 pl of thiobarbituric acid. Then, the mixture was heated for 30 min following a
centrifugation step (4x10° g for 10 min). After, the collected supernatant was

measured at 532 nm. The results were represented as mM TBARS/mg protein.

For catalase (CAT) activity assay measuring, 102 ul of H202 30% and 100 pl
of Triton X were combined to 10 pl of the supernatant from the liver macerate and
read at 240 nm. One CAT unit is defined as 1 umol of H202 consumed per minute.

The results were presented as CAT units/mg protein.

For reduced glutathione (GSH) analysis, 250 ul of metaphosphoric acid was
added to 50 pl of liver supernatant. The mixture was heated and 650 pl of
Na2HPO4 + 100 pl of the color reagent were added. The resultant compound was

measured at 412 nm. The results were represented as OD 412 nm/g protein.

The measurement of reactive species of oxygen (ROS) was determined with
the DCFH-DA assay. The liver supernatant was incubated in 100 yM of 2’
7'-dichlorofluorescein diacetate (H2DCF-DA) solution. After the incubation,
samples were measured at Aem = 488 nm and Aex = 525 nm. The results were
represented as nmol DCF/mg protein.

2.7 mRNA extraction and real-time gPCR

Real-time gPCR was performed in a StepOne equipment (Applied
Biosystems). The RNA from liver samples, were extracted using TRIzol reagent
(Invitrogen). Using Superscript Il SuperMix kit (Invitrogen), the RNA was reversely

transcribed into cDNA. The total RNA concentration of all samples was normalized
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at 5 pg. For determination of the relative expression levels of target genes,
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) expression were used as
reference gene. The qPCR reaction was catalyzed by SYBR Green (Applied
Biosystems) and results were expressed as AACT?.

2.8 Western Blot

For Western Blot assay, the protein from liver tissue was extracted by
homogenization the sample in solution containing CHAPS 0.5%, p-
mercaptoethanol and proteases. All protein samples concentration were
normalized to 40 pg of protein. For protein separation, electrophoresis in a
polyacrylamide gel 10% was performed. After electrophoresis, the bands were
transferred to a nitrocellulose membrane (Biorad, 1620112). The blot was
incubated in blocking solution TTBS containing 5% BSA for 30 min. After the
blocking step, the blot was washed in TTBS and incubated overnight at 4°C in
blocking solution containing the following primary antibodies: anti-GAPDH, anti-
NF-kB p65, anti-P- NF-k@3 p65, anti-iNOS or anti-aSMA. The concentration of each
antibody was performed following the manufacturer's instructions. After the
overnight incubation, the blot was washed and incubated again for 2 h with
horseradish peroxidase-conjugated anti-lgG secondary antibody. The band was
detected by a gel documentation system (Fujifilm, LAS-3000). Band intensities

were gquantified through the ImageJ software.
2.9 Statistical Analysis

Data are reported as mean + SD. Data were analyzed by one-way analysis
of variance (ANOVA) followed by Tukey multiple comparison test at a significance
level of P < 0.05. Differences were considered significant at a P value <0.05. The

statistical program used was GraphPad Prism Version 5.00.

3. RESULTS
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3.1 B. anomala extract decreases serum markers of liver damage.

To determine the development of fibrosis through liver damage, the
enzymatic activities of ALT and AST was evaluated, since their release into the
serum is related to permeabilization and rupture of the hepatocyte membrane,
respectively. Both enzymes showed an increase in the group that received only
CCls, whereas groups treated with the extract at 50 or 100 mg/Kg showed a
decrease in serum ALT levels (Figures la and 1b). Due to the continuous
deposition of extracellular matrix components in the liver during the fibrotic
process, we evaluated the relationship between the animal's body weight and liver
weight. Animals that received only CCls showed a higher liver index than the

control animals and those treated with the extract at 100 mg/Kg (Figure 1c).
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Figure 1. B. anomala extract decreases serum markers of liver damage. (a) AST levels in the
serum of mice. (b) ALT levels in the serum of mice. (c) Liver index (liver weight / body weight) of
mice. Data represent mean + standard error of the mean (n=6). *P < 0.05 compared with vehicle
group. **P<0.001 compared with vehicle group. #P< 0.05 compared with CCls group. ##P<0.01
compared with CCls group.

3.2 B. anomala extract attenuates fibrosis development on liver

During the development of liver fibrosis, fiber formation and deposition of
ECM in the hepatic tissue is observed. The evaluation of those ECM markers is
crucial to determine the fibrosis in the liver, since exacerbated ECM deposition
contributes to the stiffness of the liver and can result in loss of liver function. To

evaluate the formation of collagen fibers, liver samples were stained with Picro
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Sirius, and immunohistochemistry was used to visualize the aSMA distribution on
the samples. Animals that received CCls injections showed a greater area in red,
due collagen stained by Picro Sirius, and a higher positive area for aSMA (brown
spots) than control. Treatment with extract was able to reduce both stains,
especially the dose of 100 mg/Kg (Figure 2a and 2b). Moreover, we evaluated the
expression of these markers (Col-1 and aSMA). Animals that only underwent CCla
induction showed a higher expression of collagen type1 and aSMA. The treatment
with 100 mg/Kg of the extract decreased both levels of expression, whereas the
treatment with 50 mg/Kg reduced only the levels of Col-1 (Figure 2c and 2d). As
aSMA is a specific marker to assess fibrosis, we decided to quantify its protein
expression by western blot. The results showed a decrease protein level induced
by extract treatment with 50 and 100 mg/Kg and these results suggest that the
treatment with extract of B. anomala was able to reduce the development of

fibrosis on the liver (Figure 2e).
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Figure 2: B. anomala extract attenuates liver fibrosis. (a) Picro Sirius staining of liver. (b)
aSMA immunohistochemistry on liver. mRNA expression levels of Collagenl (c) aSMA (d) and
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protein levels of aSMA (e). **P<0.01 compared with vehicle group. ***P<0.001 compared with
vehicle group. #P< 0.05 compared with CCls group. ##P<0.01 compared with CCls group.

3.3 B. anomala extract attenuates the oxidative stress

Oxidative stress leads to lipid peroxidation, and the product resulting from
this process (malondialdehyde) can be determined by TBARS assay. The
treatment with the extract from B. anomala prevented lipid peroxidation (TBARS)
on liver tissue of mice subjected to CCls administration (Figure 3a). ROS formation
can be determined by achieving activity of hydroxyl, peroxyl and other reactive
oxygen species by the fluorometric assay DCFH-DA. Results showed that mice
treated with 50 and 100 mg/Kg showed a substantial reduction in ROS formation
(Figure 3b). However, the treatment with the extract failed to prevent the drench of

antioxidant enzymes CAT and GSH (Figure 3c and 3b).
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Figure 3: B. anomala extract attenuates the oxidative stress. (a) TBARS levels on mice
liver. (b) DCFH-DA levels on mice liver. (c) Catalase activity on mice liver. (d) GSH levels on mice
liver. *P < 0.05 compared with vehicle group. **P<0.01 compared with vehicle group. #P< 0.05
compared with CCls group. ##P<0.01 compared with CCls group. ###P< 0.001 compared with CCls

group.
3.4 B. anomala extract decreased liver inflammation
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During liver fibrosis, the constant inflammation leads to an increase in
activation of pro-fibrotic signaling and the reduction of inflammation on liver
represents an important goal to enhance liver function. Animals that received the
extract at 50 and 100 mg/Kg showed a decrease in TNF-a gene expression (Figure
4a), and NF-kB activation (Figure 4b). The NF-kB activation mediates the
transcription of several proinflammatory cytokines and molecules, such as iINOS
and IL-6. Our results show that INOS protein expression (Figure 4c) and both gene
expressions (Figures 4d and 4e) were suppressed by the treatment with the B.
anomala extract. Chronic damage on the liver leads to a continuous inflammatory
state, inducing the migration of inflammatory cells and activation of liver
macrophages resident (Kupffer cells). These inflammatory infiltrates, mainly
macrophages, can be visualized on H&E staining and, also, through of expression
of CD163, phenotypic marker of M2 macrophages. Treatment with extract was able
to reduce the inflammatory infiltrates showed by H&E staining (Figure 5a-d) and
decreased the gene expression of CD163 (Figure 5e) compared with CCls group.
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Figure 4: B. anomala extract decreases liver inflammation. mMRNA expressions levels of TNF-a (a),
protein levels of NF-kB (total/phosphorylated) (b) and iINOS (c), and mRNA expressions levels of
iINOS (d) and IL-6 (e). *P < 0.05 compared with vehicle group. *P<0.01 compared with vehicle
group. ***P<0.001 compared with vehicle group. #P< 0.05 compared with CCls group. ##P<0.01
compared with CCla group.
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Figure 5: B.anomala extract reduce inflammatory infiltrates on liver. Representative H&E
staining of liver fibrosis control (a), CCla (b), CCla + 50mg/Kg (c) and CCls + 100mg/Kg (d). Arrows
indicate inflammatory infiltrates. MRNA expressions levels of CD163 (e). **P<0.01 compared with
vehicle group. #P< 0.05 compared with CCls group.

3.5 Compounds identification by HPLC analysis

The methanolic extract of B. anomala had its major phenolics compounds identified
and quantified HPLC analysis. The phenolic in greater concentration in the extract
was caffeic acid (0.191 mg/g), followed by gallic (0,032 mg/g) and Coumaric (0,031
mg/g) acids and in lower concentrations chlorogenic (0,020 mg/ g) and
hydroxybenzoic acid (0,016 mg/ g). The concentration of each compound identified

in the extract are shown in Table 1.
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Compound mg/g of dry
weight
Caffeic acid 0,191
Gallic acid 0,032
Coumaric acid 0, 031
Chlorogenic acid 0,020
Hidroxybenzoic acid 0,016

Table 1. HPLC analysis concentration is represented as mg of compound in g of vegetal dry weight.

4. DISCUSSION

The present study aimed to evaluate the effect of B. anomala extract
treatment on mice that underwent liver fibrosis model. Our results showed that
treatment with 50 and 100 mg/Kg of extract decrease the liver fibrosis
development, As previously reported, B. anomala extracts could de-activate HSC
in vitro, cells responsible for ECM deposition on liver tissue (Basso et al., 2019).
Our in vivo results demonstrated that the treatment with extract leads to a
decrease in liver index and ALT release on serum, showing a decrease in liver
damage caused by CCls. During fibrosis development on the liver, the continuous
fiber formation, mainly collagen typel, re-structures and stiffens the organ, events
that can compromise the hepatic function and leads to liver failure (Friedman et al.,
2008). Another ECM element that is highly expressed in fibrosis development is
the a-SMA, an actin isoform that is a hallmark of fibrosis and is present in organs
that have a contracting capacity (bladder and lungs, for example) (Rockey et al.,
2019). The treatment with B. anomala extract could prevent the exaggerated

deposition of Col-1 and aSMA on hepatic tissue.

Hepatocytes represent the major cell population on the liver and are

responsible for metabolization of many compounds, being the primary target of
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toxic agents. When damaged by harmful substances, hepatocytes secreted
molecules that activate signaling pathways which can activate HSC and Kupffer
cells, initiating a chronic inflammatory state in the liver (Roehlen et al., 2020).
Therefore, the increase in the production of free radicals, combined with the action
of toxic substances formed by metabolized by-products in the liver, result in lipid
peroxidation and consequently a substantial increase in ROS levels, causing

oxidative stress damage (Abrams et al., 1995).

Drugs, such as NAC (N-acetylcysteine), are used due to its antioxidant
activity and for improving CAT storage. These two effects lead to a reduction of
oxidative stress on liver and for this reason NAC is used for treatment of liver
injury, such as acetaminophen intoxication (Kim et al., 2001; Ghanem, 2016).
Therefore, the effect of B. anomala extract on the activity of endogenous
antioxidant enzymes (CAT and GSH), on the production of ROS and on oxidative
stress damage was analyzed. No increase in GSH and CAT activities was
observed with the extract treatment compared to CCls group, but there was an
important decrease in the production of ROS and damage caused by oxidative
stress. We believe that the mechanism by which the extract decreases oxidative
stress is through the inflammation reduction and, due the positive interference of
the phenolic composition of the extract. Indeed, we have previously reported the
antioxidant effect of the extract from B. anomala, suggesting the role of phenolics
as free radical scavengers on the damage reduction caused by the oxidative stress
(Basso et al., 2019).

The activation of the proinflammatory nuclear factor NF-kB by different
stimuli including pathogen-related molecules such as lipopolysaccharide (LPS) or
also inflammatory cytokines such as tumor necrosis factor-a (TNF-a), leads to a
signaling pathway that increases the expression of cytokines, such as IL-6, IL-8
and IL-1B. NF- kB plays a central role in several diseases with an inflammatory
background and its suppression is essential to reduce the inflammatory signal
cascade (Papa et al.,, 2009). In liver tissue, NF- kB activation can bind to nitric
oxide synthase (iINOS) promoter and induce INOS expression, and being its
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expression highly related to several types of liver diseases (Iwakiri et al., 2015). In
normal conditions, nitric oxide (NO) is found in small amounts in the liver, while in
pathological conditions, higher NO levels act as an antimicrobial agent and plays
an important role in immune regulation (Tache et al., 2014). Chronic increased NO
levels may cause the hyperdynamic circulation, as seen in cirrhosis and portal
hypertension (Abrams et al., 1995). Higher levels of NO also can activate HSC and
Kupffer cells, and initiate the fibrotic and inflammatory process on the liver via
expression of several cytokines (IL-6, for example) and growth factors, such as
TGF-B. The regulation of INOS expression plays a central role in liver disease and

is a target of therapeutics.

Activated Kupffer cells leads to a recruitment of new inflammatory cells to
the hepatic lesion, including macrophages, neutrophils and monocytes (Tanwar et
al., 2020). Neutrophils and monocytes have a peak in their cell population on the
early hours of the hepatic damage, while activated macrophages represent the
principal inflammatory cells on liver (Tanwar et al., 2020). Kupffer cells release
several inflammatory mediators including cytokines, superoxide, nitric oxide and
grow factor such as TGF-. Kuppfer cells represent the main source of TGF- 3 on
liver, and this cytokine is highly related with HSC activation and the initiation of the
fibrogenesis on liver injury (Kolios et al., 2006).

The specific marker of activated macrophages, CD163, seen to be an
important biomarker for cirrhosis prognostic (Grgnbaek et al., 2012), and these
positive CD163 cells are responsible for the inflammatory signaling on hepatic liver
injury. Our results showed that the extract was able to reduce the inflammatory
infiltrates (decrease of positive CD163 cells) and the expression of TNF-a, NF-kB,

and, also, downstream targets of NF- k3, IL-6 and iNOS.

Previous studies reported the beneficial effects of nutraceutical
supplementation in liver diseases, such as steatosis, metabolic syndrome and liver
fibrosis (Bravo, 2009). Molecules as caffeine, resveratrol, curcumin, vitamin E and
quercetin showed activity against oxidative stress, inflammation, and HSCs

activation (Li et al., 2017). The results of identifying the extract components by
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HPLC are similar to those obtained in the previous study, varying the concentration
of each compound, but with a similar composition. The major compound identified
in the extract, caffeic acid, had its protective effects against liver fibrosis
development reported on previously studies, playing a role on restoring
endogenous antioxidants, SOD and CAT, improving gut microbiota and decreasing
inflammation (Mu et al., 2021; Li et al., 2015). Chlorogenic acid, the constituent
reported in B. anomala extract attenuated the liver fibrosis through the TGF-
B/Smad7 signaling pathway regulation (Shi et al., 2016; Yang et al., 2017, Basso et
al., 2019). Moreover, in a CCls liver fibrosis-induced model, the treatment with
chlorogenic acid decreased expression of toll-like receptor 4 signaling pathway,
leading to NF-kB suppression and consequently an anti-inflammatory response
(Shi et al., 2013). Another molecule present on B. anomala extract, the coumaric
acid, had its effect evaluated on liver injury on cisplatin induced-hepatotoxicity in
vivo study (Akdemir et al., 2017). The study reported the beneficial effects of
coumaric treatment on prevention of oxidative stress damage, by decreasing lipid

peroxidation and improving the levels of antioxidants enzymes (SOD and GSH).

Our results suggest that B. anomala has an anti-inflammatory effect on liver,
through NF- kB signaling suppression. The anti-inflammatory effect also could
decrease the activation of HSC, and result in a less fibrotic development. The two
major compounds found in the extract could be responsible, at least in part, for the
results observed. Therefore, we suggest the hepatoprotective effect of the extract
of B. anomala in vivo and its potential for development of new drugs to the
treatment of liver fibrosis. The beneficial effect of B. anomala extract could be due
to the rich phenolic composition and these molecules could exert its effect
synergistically on the liver, decreasing the lipid peroxidation and improving the

inflammatory state

5. CONCLUSION
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In this work we demonstrated the in vivo effects of the administration of B.
anomala extract in fibrotic animals induced with CCls. Our findings indicate that
periodic administration of B. anomala extract leads to decrease in the development
of liver fibrosis, as well as presented an anti-inflammatory in the liver, by

decreasing the activation of NF-kB.
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Sistema de Pesquisas da PUCRS

Cédigo SIPESQ: 8318 Porto Alegre,27 de margo de 2018

Prezado(a) Pesquisador(a),

A Comissao de Etica no Uso de Animais da PUCRS apreciou e aprovou o
Projeto de Pesquisa "AVALIAGCAO DE DIFERENTES COMPOSTOS FENOLICOS COMO
CANDIDATOS PARA O TRATAMENTO DE FIBROSE HEPATICA" coordenado por JARBAS
RODRIGUES DE
OLIVEIRA.
Sua investigagdo, respeitando com detalhe as
descrigées contidas no projeto e formularios avaliados pela CEUA, esta autorizada a
partir da presente data.

Informamos que €é necessario o
encaminhamento de relatério final quando finalizar esta investigagdo. Adicionalmente,
ressaltamos que conforme previsto na Lei no. 11.794, de 08 de outubro de 2008 (Lei
Arouca), que regulamenta os procedimentos para o uso cientifico de animais, é fungao
da CEUA zelar pelo cumprimento dos procedimentos informados, realizando inspegdes
periédicas nos locais de pesquisa.

Durag&o do Projeto: 27/03/2018 - 27/03/2021

N° de Animais Espécie

540 Mus musculus

Total de Animais: 540

Atenciosamente,

Comissao de Etica no Uso de Animais(CEUA)

Identificagdo do Documento: 8B7V-7FZV-USEY-2JS Pagina 2 de 35
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8. CONSIDERACOES FINAIS

A motivacao por tras do presente trabalho se deve principalmente ao intuito
de selecionar possiveis moléculas para o desenvolvimento de novos tratamentos
para a fibrose hepética. E importante salientar que outros fatores além da parte
experimental em si, também foram essenciais para a realizacdo deste trabalho,
como a integracdo entre os laboratorios de pesquisa, Laboratorio de Biofisica
Celular e da Inflamacdo (PUCRS-Brasil), Laboratério de Biotecnologia Vegetal
(PUCRS-Brasil) e o Laboratorio de Hemodinamica Hepatica (IDIBAPS-Espanha),
levando a uma troca de conhecimentos e fornecendo novas ferramentas para o
desenvolvimento deste projeto, e possivelmente, de novos estudos sobre a fibrose

hepatica e seu tratamento.

O inicio do projeto se deu com a avaliagdo in vitro do efeito do
metoxieugenol e extrato metandlico da planta Baccharis anomala, as quais foram
selecionadas baseando-se em publicacbes de estudos prévios, buscando efeitos
benéficos que poderiam ter acdo na diminuicdo do processo fibrético no figado.
Nossos primeiros resultados mostraram a capacidade do metoxieugenol em
modular a ativacdo das HSC, através da diminuicdo da proliferacdo, diminuicdo da
sintese de colageno e a-SMA. Apés estes resultados promissores, decidimos
avaliar o efeito do metoxieugenol in vivo. Nosso laboratério ndo possuia uma
técnica padronizada para este estudo, porém decidimos implementar a técnica e
validar este efeito em modelo in vivo de fibrose hepatica. Utilizando as instalagdes
do CEMBE, conseguimos padronizar e aplicar a metodologia de inducdo de

fibrose hepéatica em murinos, utilizando a administracdo crbonica de CCls. Os
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resultados in vivo demostraram um efeito protetivo do metoxieugenol no figado

dos animais.

Afim de elucidar o mecanismo de acéo por tras desse efeito, durante o
periodo de doutorado de sanduiche realizado no Hospital Clinico de Barcelona, foi
possivel avaliar o efeito do metoxieugenol em células HSC de origem humana. Os
resultados obtidos com a linhagem celular humana mostraram que o efeito
antifibrético do metoxieugenol ocorria também nestas células, e usando um
inibidor especifico do PPAR-y, foi possivel verificar que agia como um ativador
deste receptor intracelular. Com esses resultados concluimos o artigo 1 do
presente trabalho, onde acreditamos que pelo menos, em parte, a ativacdo do
PPAR-y esta relacionada com os efeitos observados. A investigacdo por ligantes
naturais que ativam o PPAR-y é de interesse da industria farmacéutica, visto que
essas moléculas, além de possuirem propriedades terapéuticas, possuem menos
efeitos colaterais que agonistas especificos. Portanto, a regulacdo do PPAR-y
representa uma estratégia promissora, ja que sua ativacdo estd intimamente
ligada a inibicdo da transcricdo de diversos fatores inflamatérios, como o NF-kB,

gue se soma a sua propriedade de reverter o fenétipo ativado das HSC

A molécula do metoxieugenol, investigada no artigo 1, estd presente na
alimentacdo humana de diversas formas, tanto em alimentos in natura como
industrializados. Sua biosseguranca para consumo € conhecida e aprovada, com
isso acreditamos que essa molécula possui um grande potencial para o
desenvolvimento de novos tratamentos, seja pela elaboracdo de formulas

farmacéuticas, complexacdo com ions metalicos para fornecer maior estabilidade
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e diferentes formas de distribuicio no organismo, ou simplesmente pela
suplementacao alimentar, por exemplo. Trabalhos futuros a respeito de outras vias
gue podem estar envolvidas ho mecanismo de acdo do metoxieugenol, tendem a
aumentar a visibilidade dessa molécula como uma futura terapia para a fibrose
hepatica e outras doencas. Com isso, esperamos ter acrescentado de forma
positiva para a investigacdo dessa molécula e revelado uma parte de seu

potencial.

O trabalho com o extrato de B.anomala teve seu inicio durante o mestrado,
onde os resultados obtidos com o extrato fracionado metandlico de B.anomala em
células estreladas hepéticas revelaram um efeito de diminuicdo da proliferacdo e
ativacdo dessas células. Com isso, para dar continuidade a investigacdo do
potencial terapéutico do extrato, durante o periodo de doutorado foram realizados
experimentos in vivo. Os resultados demonstraram que o0 extrato possui a
capacidade de atenuar o desenvolvimento da fibrose, e também reduzir o dano
causado pelo estresse oxidativo. Contudo, a atividade de antioxidantes enddgenos
nao foi restaurada pelo tratamento. Acreditamos que o tratamento com o extrato,
por se tratar em uma mistura rica em compostos fendlicos, tenha uma alta

atividade antioxidante e com isso exerceu o efeito hepatoprotetor observado.

Os resultados obtidos, mesmo sendo preliminares, demonstram um
potencial terapéutico do extrato. Por se tratar de uma planta presente na medicina
popular do estado do Rio Grande do Sul, dados a respeito de seus efeitos e

mecanismos de acao sao importantes para o estudo da composicao fitoquimica e
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também para o enriqguecimento do conhecimento acerca do efeito terapéutico

deste género botanico.
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