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RESUMO

A fibrose hepética apresenta uma patogénese complexa causada por reparo tecidual
inadequado devido a deposicdo de tecido conectivo. Quando um dano crdnico acomete o
figado, a resposta regenerativa falha e os hepatécitos sdo substituidos por matriz extracelular
(ECM) excedente. Assim, o desequilibrio entre a degradacéo e a producdo de ECM acarretara
no acumulo dessas proteinas que alteram a arquitetura normal do figado e, consequentemente,
sua funcionalidade. A principal fonte de ECM é a célula estrelada hepatica (HSC) ativada.
Sendo assim, na tentativa de elucidar possiveis abordagens terapéuticas para a doencga, 0
objetivo desse trabalho foi avaliar a possivel acdo antifibrotica do extrato aquoso de Pluchea
sagitallis (Lam.) Cabrera sobre uma linhagem imortalizada de HSC ativadas (GRX). Nossos
resultados demonstraram que as concentracdes de 0,039 e 0,078 mg/mL do extrato aquoso de
P. sagitallis foram capazes de diminuir o crescimento e a proliferacdo celular. Quanto a
avaliacdo do estresse oxidativo, ndo foi observada diferenca estatisticamente significativa
entre o grupo tratado e controle. A coloragdo com oil red (ORO) mostrou aumento
significativo do conteudo lipidico intracelular ap6s 5 dias de tratamento, indicando efeito in
vitro sobre a mudanca fenotipica em linhagem GRX, do estado ativado para o estado
quiescente. Esses resultados foram confirmados pela quantificacdo colorimétrica de lipidios.
Em relacdo & producdo de TGF-B1 e colageno total, ndo foram observadas diferencas
estatisticamente significativas entre os grupos. Concluindo, o extrato aquoso da P. sagittalis
diminuiu o crescimento e a proliferagdo das células GRX e induziu a reversdo do fendtipo
ativado para quiescente. A diminuicdo na proliferacdo celular ndo ocorreu nem por necrose
nem por ativacdo da apoptose e senescéncia. Sendo assim, nossos resultados sugerem que o
extrato apresenta um efeito antifibrético, possivelmente pela via que ativa a reversdo do
fendtipo.

Palavras-chave: Fibrose hepatica. Células Estreladas Hepaticas. Pluchea sagitallis (Lam.)
Cabrera.



ABSTRACT

Liver fibrosis is a complex disease that is caused by inappropriate tissue repair due to the
deposition of connective tissue. When a chronic lesion affects the liver, regenerative response
fails and hepatocytes are replaced with abundant extracellular matrix (ECM). The imbalance
between production and degradation of ECM will result in the accumulation of proteins that
change normal liver architecture, and thus its functionality. The main source of ECM is the
activated hepatic stellate cell (HSC). In order, to clarify possible therapeutic approaches to the
disease, the this work aimed to evaluate the possible antifibrotic action of Pluchea sagitallis
(Lam.) Cabrera on an activated HSC immortalized lineage (GRX). Our results demonstrated
that the P. sagittalis aqueous extract at 0.039 and 0.078 mg/mL concentrations was able to
reduce cell growth and proliferation. Regarding to oxidative stress evaluation, there was no
statistically significant difference between the treated group and the control. Staining with
OilRed-O (ORO) showed a statistically significant increase in intracellular lipid content after
5 days of treatment, exerting in vitro effect on the GRX phenotypic change of activated
towards the quiescent state. These results were confirmed by colorimetric quantification of
lipid content. Regarding the TGF-B1 and collagen production, there were no statistically
significant differences observed between the groups. In conclusion, the P. sagittalis aqueous
extract reduces the growth and proliferation of GRX cells and induces the reversal of
activated towards a quiescent phenotype. There was no decrease in cell proliferation either by
necrosis or by apoptosis via activation of the senescence. Thus, our data suggest that the
extract showed an antifibrotic effect, possibly by activating phenotype reversal.

Keywords: Hepatic fibrosis. Hepatic stellate cell. Pluchea sagitallis.
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1 INTRODUCAO

1.1 FIBROSE HEPATICA

Dentre as diversas doengas com significativa morbidade e mortalidade, considerada
mundialmente como uma questdo de salde publica, esta a fibrose hepética (DUVAL et al.,
2014a). Ha previsdo de um aumento da prevaléncia de doengas hepaticas cronicas,
parcialmente devido ao aumento da obesidade e da sindrome metabolica, especialmente em
paises desenvolvidos (LIM; KIM, 2008).

A fibrose hepética é causada por reparo tecidual inadequado devido a deposicdo de
tecido conectivo, resultante de danos hepaticos cronicos. Dentre esses estdo: danos devido ao
consumo de alcool, a hepatite viral cronica, a doencas autoimunes, a parasitas, a doencas
metabdlicas e a toxinas ou outras drogas. Quando ndo ha um controle adequado da fibrose, o
resultado pode ser a progressdo para a cirrose (DUVAL et al., 2014a). A cirrose é 0 estagio
final da lesdo hepatica cronica que resulta em uma série de consequéncias, de modo a
produzir um importante impacto na qualidade e na expectativa de vida das pessoas
acometidas. Em 2001, estimou-se que 771 mil 6bitos deveram-se a cirrose, e existe previsao
de que, em 2020, esta que atualmente é considerada a 142 principal causa de morte em todo o
mundo, ocupard a 122 posicdo entre os motivos de 6bito (LIM; KIM, 2008). Contrastando
com o conceito tradicional de que a cirrose € um estado irreversivel, existe evidéncia
significativa de que pode ser reversivel (ELLIS; MANN, 2012).

E de extrema importdncia salientar que, embora muitas vezes utilizados
indiferenciadamente, os termos fibrose e cirrose s@o clinicamente distintos. O primeiro
representa um processo de menor importancia clinica, com um comprometimento do figado
que ndo é significativo comparado a cirrose (ELLIS; MANN, 2012).

A fibrose hepatica representa uma doenca de patogénese complexa. Quando ocorre
uma lesdo aguda no figado, as células do parénquima sdo regeneradas com a finalidade de
substituir as células necroéticas e apoptoticas. Este processo regenerativo esta associado a uma
resposta inflamatoria e a uma deposigéo limitada de matriz extracelular (ECM).

Entretanto, quando um dano cronico acomete o figado, a resposta regenerativa falha e
0s hepatocitos sdo substituidos por ECM excedente, cujos compostos sdo, principalmente,

colageno tipo I, 1l e IV, fibronectina, elastina, laminina e proteoglicanos. As células
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hepéticas estrelas (HSC, do inglés, Hepatic Stellate Cells) séo as principais fontes de ECM
(DUVAL et al., 2014b).

Quanto ao tratamento para a fibrose hepatica, ainda ndo ha nenhum padréo, todavia,
acOes com a finalidade de minimizar o dano hepatico, tais como a nédo ingestao de alcool ou
tratamento para hepatite viral, podem controlar a fibrose. Ainda assim, essa abordagem é,
muitas vezes, insuficiente para evitar a progressao para a cirrose. Cabe ressaltar que o
tratamento da fibrose hepatica deveria levar em conta a versatilidade da sua patogénese e
atuar sobre todas as vias envolvidas, iniciando com a ativacdo das HSC e a deposic¢do de ECM
(DUVAL et al., 2014a).

1.2 CELULAS ESTRELADAS HEPATICAS

1.2.1 Localizagéo e funcao

As HSCs foram descobertas em 1876 por Kuppfer, como sternzellen (célula em forma
de estrela) do figado (HENDERSON; FORBES, 2008), mas somente anos depois foram
caracterizadas por Ito e Nemoto (FRIEDMAN, 2008; GEERTS, 2001). Estdo localizadas no
espaco perissinusoidal de Disse. Seus finos processos citoplasmaticos percorrem esse espaco,
englobando a face abluminal do endotélio. Essas células contém goticulas de gordura e sdo as
responsaveis pelo armazenamento de vitamina A (MCCUSKEY, 1993). A maior parte dessa
vitamina, acima de 80%, ¢é captada, armazenada e metabolizada nas HSCs, as quais podem ser
identificadas atraves da autofluorescéncia (FRIEDMAN, 2008; WINAU et al., 2008).

As células estreladas, que constituem em torno de 15% do numero total de células
hepéaticas (FRIEDMAN, 2000), sdo as responsaveis pela fibrogénese que ocorre em lesbes
crbnicas do tecido hepatico, tais como na cirrose (ROCKEY, 1997). Além das HSCs, fazem
parte do conjunto de células hepaticas as células de Kupffer, os hepatdcitos, células
endoteliais e células epiteliais da via biliar (Figura 1) (VICENTE et al., 1998).
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Figural- Funcdo das células residentes no figado na lesdo hepatica. As modificagbes no espago
perissinusoidal de Disse durante o desenvolvimento da fibrose em resposta a algum dano hepatico
abrangem mudancas tanto no comportamento celular quanto na composi¢do da ECM. A ativagéo das
HSCs leva a sintese de colageno e, consequentemente, a deposi¢do de matriz fibrética, que € um evento
gue precede a faléncia hepatica. A ativacéo das células de Kupffer tem agéo paracrina sobre as HSC
Fonte: IREDALE, 2008

Obs.: Adaptado pela autora

1.2.2 O papel das células estreladas hepéticas na patogénese da fibrose hepética

O processo de ativacdo das HSCs é um evento prévio na fibrogénese hepatica. Esse
processo leva as células HSCs quiescentes, ricas em vitamina A, a mudarem seu fen6tipo para
celulas semelhantes a miofibroblastos. Essas sdo caracterizadas por apresentarem
contratilidade, perda de retinoide, quimiotaxia, proliferagdo, capacidade de degradacdo de
ECM, acdo na fibrogénese, secretacdo de citocinas pro-inflamatorias e expressdo de
marcadores para a-actina de masculo liso (a-SMA) (DUVAL et al., 2014b).

A ativacdo das HSCs é um evento considerado pleiotropico, uma vez que constitui
uma resposta refinadamente programada e ocorre em uma sequéncia reproduzivel. Eventos
prévios da ativagdo fazem parte da etapa denominada de iniciagdo, também chamada de
estagio pré-inflamatorio. Nessa etapa, ocorrem eventos transcricionais, estimulo paracrino e
modificaces iniciais na ECM. A perpetuacao, etapa seguinte a ativacao, engloba eventos que
amplificam o fenotipo ativado através do aumento da expressdo e da capacidade de resposta
de citocinas. Essa fase da ativagdo resulta ndo somente de estimulo paracrino e autdcrino,
como também do remodelamento acelerado da ECM (Figura 2) (FRIEDMAN, 2000).
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Figura 2 - Caracterizacao fenotipica da ativacdo de células estreladas hepaticas (HSC) durante lesdo
hepatica e resolucdo. Apos lesdo hepética, as HSCs sdo submetidas ao processo de ativacdo, o qual é
associado a transicdo de células quiescentes, ricas em vitamina A, em miofibroblastos contrateis,
fibrogénicos e proliferativos. Dentre as principais modifica¢des fenotipicas apds a ativacdo, estdo:
proliferacéo, contratilidade, fibrogénese, degradagdo da matriz extracelular, quimiotaxia, perda do retinol
e quimioatracao de leucécitos. Durante a resolucdo da lesdo hepética, o destino das HSCs é indefinido,
entretanto, pode incluir a reversao ao fen6tipo quiescente e/ou a eliminacao seletiva por apoptose

Fonte: FRIEDMAN, 2000

Obs.: Adaptado pela autora

1.3 O PAPEL DE TGF-B1, COLAGENO NA FIBROGENESE HEPATICA

Diversos estimulos paracrinos de hepatocitos danificados e outras células vizinhas
podem iniciar a ativacdo das HSCs (FRIEDMAN, 2008). Dentre essas celulas, estdo as
células de Kupffer, células imunes e plaquetas. As células de Kupffer expressam o Fator de
Transformacdo do Crescimento (TGF)-B1, TGF-a, espécies reativas de oxigénio e peroxidos
lipidicos. Essas células levam a proliferacdo celular, a sintese de ECM e a liberacdo de
retingides e metaloproteinase de matriz (MMP)-9 para sintese de colageno através da ativacdo
de TGF-B1 latente (DUVAL et al., 2014a).
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O TGF-B1, que ¢ produzido ndo somente pelas células de Kupffer, mas também por
outras células vizinhas, como as células endoteliais sinusoidais, células epiteliais do ducto
biliar e hepatocitos e também pelas HSCs, representa um potente sinal fibrogénico, uma vez
gue aumenta a producao de colageno tipo | e outros constituintes da matriz como fibronectina
e proteoglicanos (DUVAL et al., 2014a).

As células de Kupffer também possuem a capacidade de inibir a fibrogénese através
da producéo de interleucina (IL)-10 anti-inflamatoria e 6xido nitrico (NO), os quais diminuem
a sintese de colageno e aumentam a producdo de colagenase. Além disso, reduzem a
proliferacéo e a contratilidade celular a qual, por sua vez, tem influéncia no controle do fluxo
sanguineo intra-hepatico (ROCKEY, 1997).

Dessa forma, todos os estimulos em conjunto sdo importantes desencadeadores de
alteracdes na composicao da ECM que apresenta, principalmente, um aumento de colagenos
formadores de fibrilas dos tipos | e Ill e fibronectina (FRIEDMAN, 2008). Essa nova
configuragdo da ECM induz um novo estimulo fibrogénico, o qual é responsavel por
exacerbar a fibrose (DUVAL et al., 2014a).

1.4 A LINHAGEM CELULAR GRX

A linhagem celular GRX representa a linhagem de HSC mais antiga existente
(HERRMANN; GRESSNER; WEISKIRCHEN, 2007). Essa linhagem foi obtida através de
granulomas hepéticos de camundongos da linhagem C3h/HeN infectados com cercarias de
Schistosoma mansoni (VICENTE et al., 1998; Guimaraes et al., 2006).

As células GRX possuem algumas caracteristicas de ambos os fenotipos quiescente e
ativado, pois encontram-se em estado transicional entre esses dois fenétipos. No entanto, sob
condic¢des-padrdo de cultivo, expressam o fenotipo de miofibroblastos (representando a HSC
ativada), proliferativo e produtor de ECM (SOUZA et al., 2008).

Por apresentarem caracteristicas morfoldgicas e bioquimicas das culturas primarias do
tecido conjuntivo humano (MONTEIRO; BOROJEVIC, 1987), alto grau de homogeneidade,
alta proliferagdo bem como por serem passiveis de congelamento por longos periodos, esta
linhagem celular € considerada um bom modelo de estudo nos processos que envolvem a
fibrose hepatica (MEANS, 2013).
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1.5 PLUCHEA SAGITALLIS

1.5.1 Caracteristicas da Pluchea sagitallis

A Pluchea sagitallis (Lam.) Cabrera é uma planta nativa da América do Sul,
compreendendo o sul do Brasil, o Uruguai, o norte da Argentina e o Paraguai. Popularmente,
é conhecida como quitoco, madre cravo ou tabacarana (Figura 3) (KISSMANN; GROTH,
1992).

E uma planta anual ou perene, dependendo das condicdes ambientais. Quanto as suas
caracteristicas morfoldgicas, é ereta, aromatica, herbacea, de caule multialado e quase sem
ramificacdo (LORENZI, 2000). Sua reproducdo é por semente e desenvolve-se bem em locais
umidos, inclusive sobre dunas estabilizadas, no litoral. Na Regido Sul, floresce durante o
verdo e inicio do outono (KISSMANN; GROTH, 1992).

O género Pluchea, pertencente a familia Asteraceae, engloba, aproximadamente,
25.000 espécies no mundo e tem sido utilizado devido a diversas propriedades medicinais
(ANDERBERG, 1994; BOTSARIS, 1995). Tém sido descritas importantes propriedades
associadas a espécies desse género, dentre as quais estdo: atividade antioxidante, potencial
anti-inflamatorio e anti-ulcerogénico. Desta forma, o género Pluchea parece representar uma
promissora fonte de matéria-prima para a investigacdo de novas drogas terapéuticas (PEREZ-
GARCIA et al., 2001).

Estudos fitoquimicos realizados com a Pluchea sagitallis (Lam.) Cabrera
identificaram varios compostos bioativos, dentre eles: flavondides, fendis, terpenos, taninos,
alcaldides e saponinas (REYES-TREJO; JOSEPH-NATHAN,1999); (CORDOVA; MESA;
HILL, 2006; CORDOVA et al., 2010). A P. sagitallis ¢ comumente utilizada no tratamento
de distarbios digestivos, hepaticos além de ser uma planta carminativa, estimulante aromatico,
antiespasmadica e antiulcerativa. Em forma de tintura, a P. sagitallis é utilizada para tratar
erupcgdes cutaneas (LORENZI; MATOS, 2002). Além disso, extratos ou infusdes de partes
aéreas da planta tém sido utilizados em diferentes paises na medicina tradicional para tratar
processos dolorosos e desordens inflamatorias (ANDERBERG, 1994).

Estudos referentes as propriedades farmacologicas da P. sagitallis, tém sido descritos
na literatura. Os resultados obtidos por Perez-Garcia et al. (1996), com extrato aquoso e
hidroalcodlico confirmaram as propriedades antiinflamatérias e antioxidantes da planta,

provavelmente correlacionadas & reducdo de radicais livres (PEREZ-GARCIA et al., 1996).


http://www.ncbi.nlm.nih.gov/pubmed/?term=P%C3%A9rez-Garc%C3%ADa%20F%5BAuthor%5D&cauthor=true&cauthor_uid=8950305
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Segundo Monks e seus colaboradores (2002), testes in vitro demonstraram que o
extrato aquoso da P. sagitallis apresentou atividade citotoxica frente a linhagens celulares de
adenocarcinoma de colon HT29 e células neoplasicas de pulmdo NCL-H460. Essa atividade

se deu, provavelmente, a presenca de principios ativos capazes de inibir a proliferacdo destas

células tumorais.

Figura 3 - Pluchea sagitllis (Lam.) Cabrera
Fonte: KISSMANN; GROTH, 1992

1.5.2 Uso de plantas medicinais no tratamento da fibrose hepatica

As propriedades antifibroticas de plantas medicinais tém sido relatadas,
principalmente, em modelos de fibrose hepatica in vitro e in vivo. Existem duas possibilidades
pelas quais essas plantas, juntamente com seus compostos bioativos, podem atuar na reducao
da fibrose hepaética: via inibicdo da ativacdo de HSC e via reducdo da deposi¢cdo de ECM
(Figura 4) (DUVAL et al., 2014a).

Dentre as vantagens da utilizacdo de plantas medicinais como possiveis agentes
antifibroticos estdo: maior seguranca, melhor custo-efetividade e versatilidade (DUVAL et
al., 2014b).
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Inibigdo da ativagdo Reducdo da deposicao
de HSC de ECM

Fibrogénese

VS /7 HSC quiescente HSC ativada
S0 R
células de Kupff/

outras células imunes

Figura 4 - Plantas medicinais antifibrdticas com alvo na ativagdo de HSC (1) e na deposi¢éo de ECM (2).
HSC: Células estreladas hepéticas; ECM: matriz extracelular
Fonte: DUVAL et al., 2014
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2 JUSTIFICATIVA

Apesar dos significativos avancos na compreensdo da patogénese da fibrose hepatica
nos ultimos 20 anos, existe ainda uma grande barreira em traduzir esse vasto conhecimento
cientifico em farmacos antifibroticos para o tratamento dessa doenca.

Segundo o Departamento de Informatica do Sistema Unico de Salde (Datasus), em
2008, 9.236 mortes por fibrose e cirrose hepatica foram registradas no Brasil. De acordo com
0 Ministério da Saude, a cirrose e outras doencas cronicas do figado compreendem a 42 causa
de morte no pais, com uma taxa de mortalidade de 6,9 6bitos/100mil habitantes. Assim sendo,
essa doenca é um problema de saude publica. E necesséaria atencdo e medidas efetivas para
seu conhecimento, tratamento e prevengao.

Na busca por estratégias de tratamento que unam seguranca, custo-efetividade e
versatilidade, tendo em vista a complexidade da patogénese da fibrose hepatica, surgem as
plantas medicinais. No Brasil, existe uma grande variedade de plantas que sdo utilizadas na
medicina natural, devido as suas diferentes propriedades farmacologicas. Essas plantas
constituem uma fonte rica de compostos bioativos para a industria farmacéutica.

As espécies da familia Asteraceae tém sido amplamente estudadas por apresentarem
compostos quimicos de interesse farmacoldgico. Dentro dessa familia, o género Pluchea
engloba, aproximadamente, 25.000 espécies no mundo e tém sido descritas pelas importantes
propriedades medicinais associadas a esse género. Dentre as varias atividades comprovadas
cientificamente estdo: efeito anti-inflamatdrio, antiulcerogénico, potencial antimicrobiano e
antioxidante.

Tendo em vista que o género Pluchea parece representar uma fonte de matéria-prima
para investigacdo de novos farmacos e possui importantes propriedades medicinais, torna-se

relevante avaliar seu papel no tratamento de fibrose hepaética.
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3 OBJETIVOS

3.1 OBJETIVO GERAL

Avaliar a acdo do extrato aquoso de Pluchea sagitallis (Lam.) Cabrera sobre a
proliferacdo das células estreladas ativadas GRX.

3.2 OBJETIVOS ESPECIFICOS

- Avaliar a acdo da P. sagitallis sobre a reversdo do fen6tipo;

- Avaliar a formacao de colageno em células GRX expostas ao extrato aquoso da P.
sagitallis;

- Quantificar lipidios em células GRX expostas ao extrato aquoso da P. sagitallis.

- Avaliar a concentracdo de TGF-B1 em sobrenadante de cultura de células GRX
tratadas com extrato aquoso da P. sagitallis;

- Verificar a acdo da P. sagitallis sobre o estresse oxidativo através do TBARS assay
Kit;

- Avaliar a acdo da P. sagitallis sobre a proliferacdo das células GRX.
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ABSTRACT

Liver fibrosis is a complex disease that is caused by inappropriate tissue repair due to the
deposition of connective tissue. When a chronic lesion affects the liver, regenerative response
fails and hepatocytes are replaced with abundant extracellular matrix (ECM). The imbalance
between production and degradation of ECM will result in the accumulation of proteins that
change normal liver architecture, and thus its functionality. The main source of ECM is the
activated hepatic stellate cell (HSC). In order, to clarify possible therapeutic approaches to the
disease, the this work aimed to evaluate the possible antifibrotic action of Pluchea sagitallis

(Lam.) Cabrera on an activated HSC immortalized lineage (GRX).

Our results demonstrated that the P. sagittalis aqueous extract at 0.039 and 0.078
mg/mL concentrations was able to reduce cell growth and proliferation. Regarding to
oxidative stress evaluation, there was no statistically significant difference between the treated
group and the control. Staining with OilRed-O (ORO) showed a statistically significant
increase in intracellular lipid content after 5 days of treatment, exerting in vitro effect on the
GRX phenotypic change of activated towards the quiescent state. These results were
confirmed by colorimetric quantification of lipid content. Regarding the TGF-1 and collagen
production, there were no statistically significant differences observed between the groups.

In conclusion, the P. sagittalis aqueous extract reduces the growth and proliferation of
GRX cells and induces the reversal of activated towards a quiescent phenotype. There was no
decrease in cell proliferation either by necrosis or by apoptosis via activation of the
senescence. Thus, our data suggest that the extract showed an antifibrotic effect, possibly by

activating phenotype reversal.

Keywords: hepatic fibrosis, hepatic stellate cell, Pluchea sagitallis.
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INTRODUCTION

Hepatic fibrosis, a disease with highly complex etiology, is caused by inappropriate
tissue repair due to the deposition of connective tissue, resulting in chronic liver damage. It
may be caused by alcohol consumption, chronic viral hepatitis, autoimmune diseases, among
others. When there is inappropriate fibrosis control, the result can be a progression to cirrhosis
[1].

When an acute injury affects the liver, parenchymal cells are regenerated and this
process is associated with the inflammatory response and limited deposition of extracellular
matrix (ECM). However, after chronic damage, the regenerative response fails and
hepatocytes are replaced by excessive ECM mainly made of collagen of types I, 1ll and IV,
fibronectin, elastin, laminin and proteoglycans [1].

The main sources of ECM are the hepatic stellate cells (HSCs) [2], which constitute
around 15% of total liver cells [3]. Discovered in 1876 by Kuppfer and located within the
perisinusoidal space of Disse, the HSCs contain fat globules and are responsible for storing
approximately 80% of vitamin A [4, 5, 6]. These cells play an important role in the
fibrogenesis that occurs in chronic lesions of hepatic tissue [7]. The HSCs activation process,
when there is phenotypic change from the quiescent state to an activated state, can be divided
into initiation, perpetuation and resolution, and is an early event in hepatic fibrogenesis.
Several paracrine stimulation of damaged hepatocytes and other neighboring cells can initiate
HSCs activation. The activated stellate cells are characterized by increased contractility,
retinoid loss, chemotaxis, proliferation, ECM degradation capacity and secretion of pro-
inflammatory cytokines. TGF-B1 produced by liver cells represents a potent fibrogenic signal,
since it increases the production of type | collagen and other matrix constituents, such as
fibronectin and proteoglycans. Remarkably, this new ECM configuration induces a new
fibrogenic stimulus that is responsible for exacerbating fibrosis [1]. The GRX cell line, which
represents the activated HSC phenotype has been used as an important tool for the study of
the physiology of HSC and liver fibrosis [8, 9]. The Pluchea sagitallis (Lam.) Cabrera, that
belongs to the Asteraceae family, is a native plant of South America, popularly known as
“quitoco”, “madre cravo” or “tabacarana” [10]. Important properties associated with the
Pluchea gender, have been described including antioxidant activity, and anti-inflammatory
and anti-ulcerogenic potential. Phytochemical studies with P. sagitallis identified several

bioactive compounds, including flavonoids, phenols, terpenes, tannins, alkaloids and saponins
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[11, 12, 13]. Regarding to the anti-inflammatory property of P. sagitallis, pharmacological
studies showed that the aqueous extract has anti-inflammatory activity that is correlated with a
reduction of free radicals [14].

The antifibrotic properties of medicinal plants have been mainly reported mainly in
models of in vitro and in vivo liver fibrosis. There are two ways in which these plants together
with their bioactive compounds, may act in reducing liver fibrosis: via inhibition of HSC
activation and via reduction of ECM deposition [1]. The advantages of using medicinal plants
as possible antifibrotic agents inclube high safety, cost-effectiveness and versatility [1]. Thus,
the Pluchea gender seems to be a promising source of material on the research of new
therapeutic drugs [15].

RESULTS

Viability and cell growth

After 5 days of treatment with P. sagitallis aqueous extract, cell viability of GRX
lineage was evaluated at 0.039, 0.078, 0.15625, 0.3125, 0.625, 1.25 and 2.5 mg/mL
concentrations on cell viability of GRX lineage. A significant decrease in cell proliferation

was observed with increasing concentrations of the aqueous extract (Fig.1).

Cell toxicity by release of lactate dehydrogenase

In order to evaluate whether the reduction in number of cells treated with P. sagitallis
aqueous extract was due to cytotoxicity, the lactate dehydrogenase (LDH) released was
quantified in the culture medium. Among the concentrations tested, there was a statistically
significant difference at 1.25 and 2.5mg/mL concentrations compared to the control,
indicating cytotoxicity (Fig.2). Thus, 0.039 and 0.078 mg/mL concentrations of P. sagitallis
agueous extract were selected for this study because lower concentrations had already

presented an antiproliferatic effect.
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Apoptosis and senescence assay

Regarding the evaluation of apoptosis and senescence measured by DAPI, there was
no statistically significant difference between treated groups and the control group. Thereby

apoptotic cells were not detected in the studied groups (Fig. 3).

Oxidative stress assessment

Oxidative stress can damage the cell and, consequently, decrease cellular proliferation,
allowing to evaluate MDA formation by MDA by TBARS assay. Our results showed that

there was no statistically significant difference between the treated groups and the control

group (Fig. 4).

Detection of lipid droplets by Oil Red-O staining and quantification of lipid accumulation

When activated, stellate hepatic cells, alter their phenotype and, therefore, increase
their proliferation rate. In order to verify whether antiproliferative mechanism of P. sagitallis
aqueous extract could be via phenotype regression, we assessed their lipid content. Control
cells, which did not receive any treatment, had preserved their myofibroblastic phenotype.
However, cells that were treated with P. sagitallis aqueous extract at 0.039 and 0.078 mg/mL
concentrations showed a reversal of activated to quiescent phenotype.

The phenotype reversal was confirmed by colorimetric quantification of intracellular
lipid content. There was a statistically significant increase in intracellular lipid content at

0.078 mg/mL concentration of P. sagitallis aqueous extract when compared to the control
(Fig. 5).
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TGF-p1 Quantification

There was no statistically significant difference in the amount of TGF-f1 between the
treated groups and the control group after 5 days of treatment (Fig. 6).

Measurement of collagen content

There was no statistically significant difference in collagen content between the treated

groups and the control group after 5 days of treatment, (Fig. 7).

DISCUSSION

Liver fibrosis is a multifactorial process feature by an imbalance of components of
ECM synthesis and degradation, resulting in proteins accumulation that change normal liver
architecture and, consequently, their functionality. GRX cells represent an interesting study of
liver fibrosis model because in basal culture conditions exhibit the myofibroblastic phenotype
[16].

This study demonstrated that P. sagitallis aqueous extract decreased GRX cells
proliferation rate at the tested concentrations. Initially, we evaluated the possible cytotoxic
action of the aqueous extract. We found that at 1.25 and 2.5 mg/mL concentrations the extract
was toxic to cells, as it caused cell necrosis. This was evidenced by the significant increase of
LDH in the cell culture supernatant. Based on these results, we decided to investigate the
cellular mechanism involved in the antiproliferative effect of the P. sagitallis aqueous extract
at 0.039 and 0.078mg/mL concentrations.

Oxidative stress is present in many liver diseases. This process happens due to an
imbalance between oxidants and antioxidants, resulting in an excessive increase of free
radicals. This fact leads to the oxidation of biomolecules with consequent loss of biological
functions and homeostatic imbalances, ending in a powerful oxidative damage to cells and
tissues [17]. Our results showed no statistically significant differences in oxidative stress
among treated and control groups, demonstrating that the antiproliferative effect did not occur

via oxidative stress.
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Apoptosis plays an important role in the homeostasis of the liver cells, considering that
many diseases that affect their cells are associated with increased apoptosis in hepatocytes, in
order to protect against organ inflammation. Therefore, programmed cell death causes the
hepatocytes die without causing a potentially damaging inflammatory response [18]. Our
results demonstrated that the aqueous extract treatment did not increase the cell death by
apoptosis, as well as not changing the senescent cells number, which could decrease cell
proliferation by disrupting the cell cycle.

The GRX cell proliferation is related to the myofibroblastic phenotype. Therefore, we
histologically analyzed the possible reversal of the phenotype and evaluated the intracellular
lipid content. Our results showed an accumulation in intracellular lipid content as evidenced
by ORO staining and confirmed by intracellular lipids quantification. For this reason, the P.
sagitallis aqueous extract acts as a potent inducer of quiescent phenotype. This effect may
explain the antiproliferative action of the plant.

TGF-B1 is the major pro-fibrotic cytokine in chronic hepatic injury. This mediator
activates the HSCs, resulting in increased cell proliferation and ECM deposition [19].
Increased TGF-B1 levels represent a potent fibrogenic signal and its increase is associated
with increased collagen production [20]. Ours results showed concentrations of TGF-B1,
when analyzed in supernatant GRX cell line, showed no statistically significant difference,
when comparing the groups treated with P. sagitallis aqueous extract and the control group.
The same occurred when we assessed the collagen concentration. Although these results show
no differences between the groups, there was consistency, since TGF-B1 and collagen are
related to each other. According to Ye & Dan [21], the collagen expression and production are
decreased when TGF-B1 synthesis decreases and, consequently, so does the fibrotic process.
Our results showed no significant decrease in these parameters, probably because the
incubation time of the cells and the studied doses, despite decreasing cell proliferation and
GRX cells phenotype reversion were not sufficient to decrease TGF-B1 and collagen
synthesis.

In conclusion, this study demonstrated for the first time a possible antiproliferative
effect of P. sagitallis in an in vitro model of liver fibrosis. The results showed that the plant
aqueous extract, at 0.039 and 0.078 mg/mL concentrations, was able to induce reversion from
quiescent to activated phenotype in GRX cell line. Based on our findings, this study suggests
a possible role for the P. sagitallis aqueous extract in liver fibrosis treatment. The findings

highlight the importance of further research in this area towards a more efficient and effective
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treatment. A better understanding of fibrogenesis inhibition and HSCs pathways activation
and deactivation are still challenges to be unraveled, not only have a better understanding of
disease pathogenesis, but also to validate the therapeutic use of medicinal plants in liver

fibrosis.

MATERIALS AND METHODS

Materials

P. sagitallis leaves were collected from the Protection Center and Nature
Conservation Pro-Mata, at the town of S&o Francisco de Paula, Rio Grande do Sul, Brazil,
during December 2014. The extracts were inoculated in GRX cell culture.

Cell culture

The murine GRX cell line [8] was obtained from the Rio de Janeiro Cell Bank
(Federal University, Rio de Janeiro, Brazil). The GRX cell line was obtained from liver
granuloma in mice of C3h line / HeN infected with Schistosoma mansoni cercariae [22, 9].
Under standard cultivation conditions, GRX cells express the myofibroblastic phenotype,
proliferative and ECM producer [9, 23].

Cells were maintained in Dulbecco's Modified Eagle’s Medium (DMEM)
supplemented with 5% fetal bovine serum (FBS) (Invitrogen, Carlsbad, CA), 2g/L HEPES
buffer, 3.7g/L NaHCO3 and 1% penicillin and streptomycin (Invitrogen) and incubated at
37°C in a humidified atmosphere with 5% CO,.

Preparation of the aqueous extract of Pluchea sagitallis

Aqueous extracts were prepared with P. sagitallis leaves. The aqueous extracts were

obtained by adapting the methodology used by Ferris & Zheng [24]. Initially, 2 g of in nature
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plant leaves in a properly tagged Becker were selected. After cleaning was performed with
distilled water, with subsequent drying and, thereafter, 10 mL of distilled water were added
and then this solution was placed in a water bath (80°C) for 30 min. Subsequently, the
aqueous extract was filtered and stored for centrifugation at 5000 rpm for 10 min. Finally, the
aqueous extract was divided into aliquots of 500 uL in 1.5 mL Eppendorf tubes, and stored at
-20°C.

Treatment with Pluchea sagitallis aqueous extract

The aqueous extract of P. sagitallis was in two different concentrations, at
0.039mg/mL and 0.078mg/mL. GRX cells were incubated and the analyses were performed
after 5 days of treatment. Based on previous studies, all experiments were repeated three

times and in triplicates [25].

Viability and cell growth

Cellular viability and growth were assessed by Tripan blue dye exclusion._The number
of cells was determined by the hemocytometer. GRX cells were seeded into 24-well plates
(3x103 cells/well) and treated with P. sagitallis aqueous extract (as described above) for 5
days to evaluate the antifibrotic activity. All groups were performed in triplicates. The control
group received only DMEM and 5% SFB for 5 days.

Cell toxicity by release of lactate dehydrogenase

We used the determination of lactate dehydrogenase (LDH) in supernatants of cultures
as compared to the control group in order to evaluate the cytotoxicity of P. sagitallis aqueous
extract in GRX cells. The LDH activity was measured by colorimetric assay [26]. Control of

cell lysis was checked using 5% Tween.
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Oxidative stress assessment

Oxidative stress was assessed by the concentration of MDA (malondialdehyde) in the
supernatant of cell cultures by Thiobarbituric Acid Reactive Substances (TBARS) assay kit
(Cayman Chemical Company). The TBARS is a well-established method for screening and

monitoring of lipid peroxidation. The results are expressed in UM per 1.000 cells.

Apoptosis and senescence assay

The GRX cells apoptosis and senescence was assessed by immunofluorescence
microscopy (x200). Cells were stained with DAPI (Invitrogen, Inc., Carlsbad, CA, USA) to
assess nuclear changes or modifications of cells undergoing apoptosis.

After treatment, the supernatant was removed and cells were washed three times with
PBS and fixed with 4% paraformaldehyde. Next, cells were washed again with PBS,
permeabilized with 0.5% Triton X-100 for 30 min and DAPI was added. After 2 min the dye
was removed, and the last wash was performed with PBS. Finally, nuclear morphometric
analysis (NMA) was performed to quantitatively evaluate the proportion of cells in
senescence, apoptosis or nuclear irregularities within this population of in vitro cells [27].

Detection of lipid droplets by Oil Red-O staining

Cells were stained with Oil Red-O (ORO) (Sigma) [28] on day 5 to show cell
morphology and lipid accumulation. After fixing cells with 10% formaldehyde, ORO (0.35g
in 60% isopropanol) was briefly added for 15 min. Intracellular lipid droplets were examined

using an inverted light microscope (BestScope, China).
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Quantification of lipid accumulation

The procedure is also based on ORO staining of intracellular lipid droplets (Sigma
Chemical Co., St. Louis, Mo). Cells were briefly fixed with perchloric acid and incubated
with ORO dissolved in propylene glycol (2mg/mL) for 2h. The ORO within the lipid droplets
was extracted using isopropanol. The absorbance was read at 492nm using an ELISA plate

reader. Each sample was normalized to 100000 cells.

TGF- p1 Quantification

TGF-B1 concentration was measured, in cell supernatant, on day 5, using a
commercially available ELISA kit (R&D Systems, Minneapolis, MN). Results were
calculated on a standard curve concentration and multiplied for the dilution factor. TGF-p1

levels were expressed as nanograms per milliliter per 1.000 cells.

Measurement of collagen content

Collagen content in GRX cells was measured using picro-sirius red on day 5.Picro-
sirius red was added to cell supernatant to form a collagen-dye complex. After centrifugation,
unbound dye was removed and collagen-dye complex dissolved in NaOH. The absorbance
was measured at 540nm in an ELISA plate reader. Each sample was normalized to 1.000 cells
[29]. Results were calculated on a standard curve concentration. Collagen levels were

expressed as the ratio of milligrams of collagen and cells number.

Statistics

Data are reported as mean £ SD. Each experiment was performed at least three
independent times and in triplicates. Statistical testing was performed with Prism 5 software.
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Results were analyzed by one-way analysis of variance (ANOVA), followed by Tukey’s
multiple comparison test. The level of significance was set at p <0.05.
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LEGENDS FOR FIGURES

Fig. 1 Effect of Pluchea sagitallis in GRX cells growth, assessed by direct counting on
Neubauer’s Chamber. Cells were treated with P. sagitallis agueous extract for 5 days. Data
represent the mean = SD (n=4). Results are expressed as cell number per well. ***p<0.01
compared to control.

Fig 2 Effect of Pluchea Sagitallis in lactate dehydrogenase (LDH) release on cell supernatant
after 5 days. Data represent the mean + SD (n=4). Results are expressed as percentage of
LDH. ** p<0.01 and ***p< 0.001 compared to control.

Fig. 3 DAPI Staining to assess nuclear changes of cells undergoing apoptosis and senescence
after 5 days of treatment (A) Control, 0.039 and 0.078 mg/mL; (B) Percentage of normal cells

and senescent cells.

Fig. 4 TBARS levels in GRX cell line after 5 days of treatment. Data
represent the mean + SD (n = 4). TBARS levels were the expressed per nanomol per
1000cells.

Fig. 5 A: Oil Red-O (ORO) staining and lipid quantitation of GRX cells at day 5.
(A) Control, and cells treated with Pluchea. sagitallis aqueous extract at 0.039 and 0.078
mg/mL, respectively. Bar length = 40 pm. (B) Specific lipid content expressed
spectrophotometrically as the ratio of absorbance value obtained for ORO and the cell

number. Results are expressed as mean + SD. **p<0.01, compared to control.
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Fig. 6 ELISA assay of TGF-Bl1 in cell supernatant of 5 days treatment. Data
represent the mean + SD (n=4). TGF-Bl1 levels are expressed as nanograms

per milliliter per 1000cells.

Fig. 7 Total collagen content in cell supernatant of 5 days treatment. Data
represent the mean = SD (n=4). Results are expressed as micrograms

per milliliter/1000cells.
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Fig. 5
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5 CONSIDERACOES FINAIS

Dentre as diversas doencas consideradas como questbes de salde publica que
acometem a populacdo mundial, esta a fibrose hepatica. Essa doenca esta associada a
significativa morbidade e mortalidade (DUVAL et al., 2014a). Até o presente momento, ndo
existe um tratamento padronizado. Uma possibilidade mais efetiva é a intervencao através da
remocao do agente causador. Entretanto, tem ocorrido nos Gltimos anos um crescimento nos
conhecimentos cientificos sobre essa doenca, revelando potenciais alvos terapéuticos.

A HSC é um alvo atrativo para o estudo de novos agentes antifibréticos na tentativa de
tratar a fibrose em seus diferentes estagios. A reducdo do processo inflamatdrio e da resposta
imune, a inibicdo da ativacdo das HSC, a inducdo da apoptose das HSCs, a interrupcdo das
atividades fibrogénicas, contrateis, proliferativas e pro-inflamatérias das HSCs, a diminuicédo
da sintese dos componentes da ECM ou o aumento de sua degradacdo sdo algumas das
possiveis hipoteses para a interrupcao do processo fibrético (ALBANIS; FRIEDMAN, 2006;
Li et al., 2008).

Nos ultimos anos, a importancia de compostos naturais com propriedades medicinais
vem sendo amplamente reconhecida tanto na prevencdo, como no tratamento de vérias
doencas (WEISBURGER; WILLIAMS, 2000). As pesquisas com plantas medicinais
envolvem: investigacfes da medicina tradicional e popular (etnoboténica); isolamento,
purificacdo e caracterizacdo de principios ativos (quimica organica: fitoquimica); investigacdo
farmacoldgica de extratos e dos constituintes quimicos isolados (farmacologia);
transformacgfes quimicas de principios ativos (quimica organica sintética); estudo da relagéo
estrutura/atividade e dos mecanismos de acdo dos principios ativos (quimica medicinal e
farmacoldgica) e finalmente a operacdo de formulacdes para producdo de fitoterapicos. A
integracdo destas areas na pesquisa de plantas medicinais conduz a um caminho promissor e
eficaz para descobertas de novos medicamentos. O objetivo do nosso estudo foi avaliar a
possivel acdo do extrato aquoso da Pluchea sagittalis sobre a proliferagdo das células
estreladas ativadas GRX e seu efeito terapéutico no tratamento da fibrose hepatica, tendo em
vista que esta planta ja apresenta propriedades farmacolégicas cientificamente comprovadas .
Atraveés dos resultados, foi possivel identificar atividade antiproliferativa in vitro das folhas da
P. sagittalis em linhagens celulares GRX. Portanto, este estudo € um importante passo para a
pesquisa de novas drogas antifibroticas. A proposta de prosseguir na pesquisa das propriedades

do extrato aquoso da P. sagittalis é de fundamental importancia para a elucidacdo de seu
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potencial terapéutico tanto para industria farmacéutica, onde se busca medicamentos eficazes,

seguros, quanto para as populacdes que, eventualmente, ja fazem uso medicinal desta planta.
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