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ARTICLE INFO ABSTRACT

Keywords: Ethnopharmacological relevance: The chosen plant and its extracts have been an alternative in the treatment of
G. polymorpha several inflammatory and oxidant diseases, and is therefore a viable option for the treatment of hepatic fibrosis.
Autophagy

Aim of the study: This study aimed to use Moquiniastrum polymorphum subsp. polymorphum, mainly the ethanolic
extract and fractions, in the treatment of hepatic fibrosis.

Materials and methods: Extracts were prepared from dried leaves in 100% ethanol (ET) and fractionated with an
increased polarity solvent (dichloromethane to methanol). The quantification of compounds in the extracts was
characterized by GCMS. The decrease in cell proliferation and the cytotoxicity of the extracts were evaluated
together with the mechanisms of apoptosis and autophagy. The expression of genes associated with decreased
fibrosis and cell cycle control was assessed and the production of lipid droplets was quantified by Oil Red O
staining.

Results: The experiments showed that treatment with ET and fraction 1 (F1) inhibited the expression of CDKIs
(CCDN1, CDK2, CDK4 and CDK6) through an increase in p27, related to an increase in autophagic vesicles. The
extract and F1 were able to decrease proliferation and revert the activated state of GRX cells to their quiescent
state.

Conclusion: Our results suggest that extracts obtained from Moquiniastrum polymorphum subsp. polymorphum have
a potential therapeutic effect against liver fibrosis.

Cell cycle arrest

tract, muscular diseases such as rheumatism, chronic diseases and can-
cer (de Moraes Goncalves et al., 2019; Guarneire et al., 2021; Piorne-
1. Introduction dodos et al., 2011; Teixeira et al., 2016; Youssef et al., 2013). MP has
been shown to be a safe anti-inflammatory agent for use during preg-
nancy, as non-steroidal anti-inflammatory drugs may be abortifacient
during their use in pregnancy (David et al., 2014). MP also showed

The species Moquiniastrum polymorphum subsp. polymorphum (MP),
also known by the synonym Gochnatia polymorpha (Less) (GP), corre-
sponds to the latest revision of the MPNS (Medicinal Plant Names Ser- antitumor activity in breast cancer models by treating Walker-256 car-
vices) and is found in several Latin American countries, although it is cinosarcoma as well as on the MCF7 cell line (human breast cancer cell
mainly found in Brazil. Its flowers, leaves and bark have excellent po- line) (de Oliveira Mauro et al., 2017; Martins et al., 2015) and also
tential as a source of natural antioxidants and thus have been used in

against colorectal carcinogenesis (Limeiras et al., 2017). In this context,
medicine for the treatment of inflammatory diseases of the respiratory
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Abbreviations

AVOs Acid vesicular organelles
B2M B2 microglobulin

CIS Cisplatin

ET Ethanol extract

F1 Fraction 1

F2 Fraction 2

F3 Fraction 3

HF Hepatic fibrosis

GP Gochnatia polymorpha
GRX Hepatic stellate cell line
HD Hydroxybenzoic acid
HPLC High performance liquid chromatography

HSCs Hepatic stellate cells

LDH Lactate dehydrogenase

MEC Extracellular matrix

MP Mogquiniastrum polymorphum subsp. polymorphum

NAC N-acetyl cysteine

PPARy Peroxisome proliferation activated receptor gamma
ORO Oil Red O

TGF-f  Transforming growth factor beta

the unexplored potential of PM as a drug source is enormous, as it has an
antimutagenic potential (Oliveira et al., 2016) as well as excellent po-
tential for the treatment of chronic and inflammatory diseases (de Mo-
raes Gongalves et al., 2019; Piornedodos et al., 2011).

Hepatic fibrosis (HF) is a well-known disease related to chronic liver
damage normally caused by inflammatory components. HF can be
caused by several factors, such as hepatitis B and C, excessive alcohol
use, toxins, metal accumulation and hereditary diseases (Roehlen et al.,
2020), resulting in the activation of fibrotic processes in cells known as
hepatic stellate cells (HSCs), which have been identified as HF triggers.
This activation can alter the phenotypic characteristics of HSCs, result-
ing in a loss of lipocytic character, which ends up promoting the accu-
mulation of extracellular matrix (ECM) and leads to the destruction of
the architecture of the hepatic tissue and, in more severe cases, the
development of cirrhosis followed by of liver failure (Friedman, 2008;
Wynn and Ramalingam, 2012). HSCs are considered the main cellular
structure in the HF process and are usually found in a quiescent state
(Wynn and Ramalingam, 2012). Under normal conditions, this quies-
cent phenotype is maintained by transcription factors, such as peroxi-
some proliferation activated receptor gamma (PPARy), which is
considered one of the key factors responsible for adipogenic regulation
in HSCs (Guimaraes et al., 2007; Tsukamoto et al., 2006), de Mesquita
et al. (2013); Park et al. (2019). Therefore, the inhibition of HSCs acti-
vation appears to be an effective strategy for the therapy of liver fibrosis.

Currently, there are no treatments capable of inactivating stellate
cells nor decreasing their proliferation or reversing them to their
quiescent state (non-activated state) (Schuppan et al., 2018). The
available drugs used for HF treatment are related to antioxidant effects,
such as N-acetyl cysteine (NAC), which is widely used for liver regen-
eration in patients intoxicated with paracetamol. In addition, inhibitors
of transforming growth factor-beta (TGF-f), an interleukin that pro-
motes collagen production, are also used to suppress fibrinogenesis, as
this growth factor has been shown to activate HSCs, favoring the chronic
hepatic inflammatory process, as well as HSC proliferation (Dooley and
ten Dijke, 2012; Kolios, 2006; Pereira-Filho et al., 2008).

Therefore, the present study aimed to evaluate the antifibrotic effects
and the mechanisms involved in the treatment with MP extracts in HSCs
using GRX cells.
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2. Material and methods
2.1. Chemical and reagents

Absolute ethyl alcohol 99.5% (code: A1084/A2228), methanol
(code: A1085/A2227) and dichloromethane (code: D1003), which were
used to prepare the extract and fractions, were purchased from SYNTH
(Sao Paulo, Brazil). DMEM (Dulbecco’s Modified Eagle’s Medium; code:
31600-034), fetal bovine serum (FBS; code: 126557-029), penicillin-
streptomycin (10,000 U/mL; code: 15140-122), 0.5% trypsin/EDTA
(code: 25200-072) solution and trypan blue (code: 68803-612-10) were
obtained from Gibco Laboratories (Carlsbad, USA). Acridine orange
(C17H19N3; code: 235474) were purchased from Sigma-Aldrich (St.
Louis, USA). The lactate dehydrogenase (LDH; code: BT1100400) kit
was purchased from Labtest (Minas Gerais, Brazil). Annexin V-FITC and
propidium iodide (code: 100034) were provided by Quatro G (Porto
Alegre, Brazil). Trizol™ was purchased from Invitrogen (Massachusetts,
USA; code: 15596026) and the GoScript kit (code: A5001) used to pro-
duce cDNA was purchased from Promega (Sao Paulo, Brazil). Oil Red O
dye used to stain lipid droplets was purchased from Sigma-Aldrich (St.
Louis, USA; code: 00625).

2.2. Preparation of plant extracts and fractionation

The specimen of M. polymorphum was identified, authenticated by a
botanist and deposited in the Herbarium of the Museum of Science and
Technology of the Pontifical Catholic University of Rio Grande do Sul -
PUCRS (Herbarium MPUC; MPUC 22565). MP was collected in Mariana
Pimentel, Rio Grande do Sul, Brazil (30° 21 *09 ”'S; 51° 34 °59” W; 119
m). Its leaves were dried at 40 °C and used to prepare the ethanol extract
(ET). Dry ground leaves (4 g) were macerated with 100 mL of ethanol/
water (80:20; v/v) and kept at room temperature for 7 days. ET was
fractionated on a silica chromatography column (stationary phase); the
mobile phases consisted of dichloromethane/methanol (90:10; v/v),
methanol (100%) and methanol/water (80:20; v/v) solutions, resulting
in fractions F1, F2 and F3, respectively. The ethanol extract (ET) and the
fractions (F1, F2 and F3) were dried under reduced pressure and then
dissolved in DMEM at a concentration of 100 mg/mL.

2.3. Cell line and culture conditions

An activated hepatic stellate cell line (GRX; Rio de Janeiro Cell Bank;
Brazil) was used for these experiments. Cells were grown in DMEM
supplemented with 5% FBS, 0.1% (v/v) fungizone® and 0.5 U/mL
penicillin/streptomycin, at 37 °C, 95% relative humidity and 5% CO,
atmosphere. At the time of experimentation, cells were obtained from
subconfluent cultures with 0.5% trypsin in 5 mM EDTA, counted on a
Neubauer chamber and plated at the appropriate density for each
experiment.

2.4. Cell viability

Cell viability was determined by the trypan blue exclusion assay
(Strober, 2001). In this protocol, a viable cell will present a clear cyto-
plasm, while a non-viable cell will be identified by a blue cytoplasm.
GRX cells were seeded in a 24-well plate at 5 x 10> per well for 24 h,
then treated with different concentrations of ET and its fractions (60-10,
000 pg/mL). After 72 h, cells were harvested, suspended in PBS con-
taining trypan blue (1:1), and the percentage of trypan blue positive
cells (TBPC) was determined using a Neubauer chamber. The negative
control consisted of cells treated with medium, while NAC (400 pg) was
used as a positive treatment control. Results are expressed as the per-
centage of live cells relative to the control group. The percentage of
living cells was calculated using the following equation (Eq. (1)):
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TBPC reated cells
Treated cell % 100
Mean TBPCyureated cels

% of living cells = ( Eq. (1)

2.5. Cytotoxicity assay

The evaluation of cytotoxicity was performed by assessing the
enzyme lactate dehydrogenase (LDH). The LDH assay was performed to
assess the cell membrane integrity GRX cells, as LDH release is evidence
of membrane disruption (Kumar et al., 2018). GRX cells were seeded at
5 x 10° per well in 24-well plates and incubated with ET (60 pg/mL) and
F1 (60 pg/mL) for 72 h. Enzyme activity was measured in the super-
natant and cell lysate by colorimetry using an LDH kit. Tween (5%) was
used to control cell lysis. LDH release was measured at 490 nm on a
microplate reader (EZ Read 400, Biochrom).

2.6. Cell death assay

The identification of necrotic cells, apoptotic cells and early
apoptotic cells was performed by flow cytometry (FACS Canto II Flow
Cytometer; Becton Dickinson, USA). GRX cells were seeded in a 24-well
plate at a density of 5 x 10° cells per well, treated with ET (60 pg/mL)
and F1 (60 pg/mL). After 72 h, the cells were harvested, washed with
ice-cold PBS, resuspended in binding buffer (200 pL; 10 mM HEPES)/
NaOH, pH 7.4, 140 mM NacCl, 2.5 mM CaCly), as well as 4 pL of annexin
V-FITC and 4 pL of propidium iodide (PI), then incubated at room
temperature in the dark for 15 min. Untreated cells were used as a
negative control and cells treated with 20 pM cisplatin (CIS) served as a
positive control. Data were analyzed using FlowJo 7.6.5 software (Tree
Star Inc., Ashland, OR).

2.7. Measurement of profibrotic, apoptotic, senescence and cell cycle
arrest genes

The expression of genes related to fibrosis (TGF-p, Col-1 and a-SMA),
lipid synthesis (PPARY), apoptosis (pro-apoptotic BAX and antiapoptotic
Bcl-2), CDKIs (p53, p21, p27 and p16) and cell cycle arrest (CCND1 and
CDK2, CDK4 and CDK6) was assessed. GRX cells were seeded at 10 x
10* cells per well in 6-well plates and cultured for 24 h. Then, the cells
were treated with ET (60 pg/mL) and F1 (60 pg/mL) for 72 h. Total RNA
from controls and treated GRX cells was extracted using Trizol and cDNA
was synthesized using the GoScript reverse transcription kit following
the manufacturer’s instructions. cDNA quantification was performed
using NanoDrop 2000 (Thermo Fisher Scientific). A total of 64 ng of
cDNA from each sample was used for the analysis of relative gene
expression in quantitative real-time PCR (qPCR, Step One Plus, Applied
Biosystems) using the green fluorescence marker SYBR Green. The
relative expression of mRNA was calculated by the delta-delta Ct (AACt)
method. B2M (B2 microglobulin mouse gene) was used as an internal
control to normalize RNA variation. The primers used to assess the
expression of genes related to senescence and cell cycle arrest are shown
in Table 1. The samples were analyzed in duplicate.

2.8. Evaluation of acidic vesicular organelles (AVOs)

The quantification of AVOs was performed to study autophagy. GRX
cells were seeded at a density of 5 x 10° cells per well in a 24-well plate,
treated with ET (60 pg/mL) and F1 (60 pg/mL) for 72 h. For a positive
control for autophagy, cells were treated with rapamycin (RAPA; 10
nM). Untreated GRX cells represent the control group. After 72 h, cells
were incubated in a culture medium supplemented with acridine orange
(1 pg/mL) for 15 min in the dark at room temperature. Analysis was
performed by flow cytometry (FACS Canto II, Becton Dickinson, USA).
Data were analyzed using FlowJo v. 7.2.5 (Tree Star Inc., Ashland, OR).
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Table 1
Sequence of primers used for qPCR.

Gene Primer sequences (5'-3") Reference

B2M F: ACAGTTCCACCCGCCTCACATT Stepanenko et al. (2022)
R: TAGAAAGACCAGTCCTTGCTGAAG

p53 F: TGCTCACCCTGGCTAAAGTT Bassiony et al. (2014)
R: AATGTCTCCTGGCTCAGAGG

plé F: TTGGCCCAAGAGCGGGGACA Bassiony et al. (2014)
R: GCGGGCTGAGGCCGGATTTA

p21 F: CTGTCTTGCACTCTGGTGTCTGA- Teratake et al. (2016)
R: CCAATCTGCGCTTGGAGTGA

p27 F: CAAAACCGAACAAAAGCGAAACGCCA Teratake et al. (2016)
R: GATACTCTCCCCTTCCTTTGCCTTGTC

CCDN1 F: GCGTACCCTGACACCAATCTC Teratake et al. (2016)
R: ACTTGAAGTAAGATACGGAGGGC

CDK2 F: ACCTCCCGCAGTGTTCCTATT Teratake et al. (2016)
R: CACAGACCTCTAGCATCCAGG

CDK4 F: ACTGGCGCATCAGATCCTTA Teratake et al. (2016)
R: GGAGGCCTTTGAACATCCCA

CDK6 F: GCTGACCAGCAGTACGAATG Teratake et al. (2016)
R: GCACACATCAAACAACCTGACC

BCL-2 F: GTGGATGACTGAGTACCT Ghatei et al. (2017)
R: CCAGGAGAAATCAAACAGAG

BAX F: CTACAGGGTTTCATCCAG Ghatei et al. (2017)
R: CCAGTTCATCTCCAATTCG

TGF-p F: GGGAAATTGAGGGCTTTCGC de Souza Basso et al. (2021)
R: TGAACCCGTTGTCCACT

Col-1 F: AGTGGTTTGGATGGTGCCAA de Souza Basso et al. (2021)
R: GCACCATCATTTCCACGAGC

a-SMA F: TAGCACCCAGCACCATGAAG de Souza Basso et al. (2021)
R: CTGCTGGAAGGTGGACAGAG

PPARy F: CTACAGGGTTTCATCCAG de Souza Basso et al. (2021)

R: CCAGTTCATCTCCAATTCG

2.9. Oil Red O assay

Phenotypic reversion in hepatic stellate cells was observed using the
Oil Red O assay. Cells were plated in a 24-well tissue culture plates (3 x
10° cells/well); after 72 h, cells were fixed with 10% formaldehyde for 1
h then stained with Oil Red O (ORO) (Sigma Chemical), after 30 min
Intracellular lipid accumulation were observed using an inverted light
microscope at a magnification of 400x. For the estimation of lipid
accumulation, the ORO within the lipid droplets was extracted using
isopropanol; the absorbance was read at a wavelength of 492 nm using
an ELISA plate reader. Specific lipid content was calculated as the ratio
of absorbance value obtained for ORO and the number of cells.

2.10. Analysis of protein expression (western blot)

From the cell culture samples, the proteins were extracted with the
lysis buffer (CHAPS) and separated in polyacrylamide gel in vertical
electrophoresis. After performing the electrophoresis, the proteins were
transferred to a nitrocellulose membrane and incubated with different
antibodies. The primary antibodies were anti-GPDH, anti-BAX, anti-
mTOR and anti-a-SMA. Subsequently, the samples were incubated
with secondary antibodies Anti - IgG conjugated with peroxidase, which
react with a chemiluminescent substrate. The development of the bands
was evaluated using the ImageJ software.

2.11. Identification of components in the crude extract and fractions

The profile of ET and F1 compounds was analyzed by Gas Chroma-
tography coupled to mass spectrometry (GCMS). The dry extracts were
solubilized in 2 mL of ethanol, extracted with ultrasound and filtered
through a 0.22 pm cellulose acetate filter. The compounds are presented
in relation to the retention times (peaks), area values and the name of
the compound. The mass spectral library (National Institute of Standards
and Technology - NIST) was used to identify the compounds of ET and
F1. The relative percentage of each compound in relation to all com-
pounds identified in the analyzed sample is also presented.
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2.12. Statistical analysis

Results are expressed as mean =+ standard error. Data were analyzed
by one-way analysis of variance (ANOVA) and means were separated by
the Tukey posthoc test (p < 0.05). Statistical analyses were performed
using GraphPad Prism 8.0 Software.

3. Results

3.1. Effect of the ethanol extract and its fractions on GRX cell
proliferation

The antiproliferative effect of the ethanol extract and fractions was
evaluated in GRX cells treated with increasing concentrations of ET, F1,
F2 and F3 (60, 125, 250, 500, 1000, 2500, 5000 and 10000 pg/mL). It
was possible to see that treatment with ET and the fractions resulted in a
significant decrease in cell number (Fig. 1A-D). On the one hand, ET
showed promising antiproliferative activity, as its lowest concentration,
60 pg/mL, managed to reduce 50% of GRX cells, while F1 showed
antiproliferative activity equivalent to ET at the same concentration.
Consequently, the latter was considered the best fraction, since F2
reduced the GRX population by 40% and F3 was able to decrease this by
11%. Therefore, ET and F1 were further used at a concentration of 60
pg/mL, which was the lowest significant concentration for the same
extracts, in the following experiments.

3.2. Effect of ethanol extract and F1 fraction on the integrity of GRX cells

Cell membrane integrity was evaluated to rule out the possibility that
the antiproliferative effect was not associated with membrane damage
related to cell death caused by necrosis (Fig. 2). Thus, the lowest con-
centration with antifibrotic activity common to all extracts/fractions
was selected. ET (60 pg/mL) and F1 (60 pg/mL) treated GRX cells did
not result in significant LDH release, indicating that no membrane
damage was occurring in these cells in response to treatment. Therefore,
concentrations of 60 pg/mL for ET and F1 were chosen for the following
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Fig. 2. The effect of membrane integrity ET (60 pug/mL), F1 (60 pg/mL) and
NAC (400 pg/mL) was evaluated by measuring the levels of LDH released. Data
represent mean + SD (n = 4). Results are expressed as percentage of cells.

experiments.

3.3. ET and F1 do not induce apoptosis

To determine a possible mechanism for the reduction of cell prolif-
eration, the process of cell death by apoptosis was evaluated. A signifi-
cant decrease was observed between the treatments and the control
(only cells) and positive controls (cells + cisplatin 20 pM) (Fig. 3 A-D).

3.4. ET and F1 induce anti-apoptotic genes and proteins

To confirm the previous results on the decrease in apoptosis of GRX
cells with ET and F1 treatments, the BAX (pro-apoptotic) and BCL-2
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Fig. 1. Effect of ET and its fractions on cell proliferation after 72 h. (A) Ethanol extract, (B) F1, (C) F2 and (D) F3 at concentrations of 60, 125, 250, 500, 1000, 2500,
5000 and 10000 pg/mL. NAC was used as a positive control (400 pg/mL) to decrease proliferation. Cell proliferation was assessed by the trypan blue exclusion

method. **P < 0.01 and ***P < 0.001 compared to control.
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Fig. 3. Effect of ET and F1 on apoptosis. Cells were exposed to ET (60 pg/mL) and F1 (60 pg/mL) and analyzed for the occurrence of (A) total apoptosis, (B) necrosis
and (C) normal cells. Cisplatin (20 pM) was used as a positive control. (D) Representative flow cytometry plots of PI (x-axis)/Annexin V (y-axis). Results are expressed
as the percentage of apoptotic cells. Data represent mean + SD (n = 4). *P < 0.05 and ***P < 0,001 compared to control. *P < 0.05 compared to CIS 20 pM as the

positive control.

(anti-apoptotic) genes were evaluated (Fig. 4A). We observed that there
was an increase in the expression of the BCL-2 gene in relation to the
control group and a reduction in the BAX gene in relation to the CIS
group, confirming that the treatments did not induce apoptosis. We also
evaluated BAX expression using Western blot. The results confirmed that
the treatments did not induce apoptosis (Fig. 4B-C).

3.5. Treatments induce cell cycle arrest by downregulating cyclin-
dependent kinases

Since the extract and its fractions did not provoke apoptosis, we
decided to evaluate cell cycle alterations. Cyclins and cyclin-dependent
kinases (CDKs) are the main factors required for cell cycle progression
(CCP) and the proteins p16, p53, p21 and p27 (CDK inhibitors) provoke
cell cycle arrest (CCA). Therefore, the expression of CCND1 (cyclin D1)
as well as CDK2, CDK4 and CDK6 (cyclin-dependent kinases) was
evaluated. ET and FI treatments decreased the expression of CCND1
(Fig. 5A) as well as CDK2, CDK4 and CDK6 (Fig. 5B-D), demonstrating

that these treatments could induce cell cycle arrest by downregulating
CDKs.

3.6. ET and F1 do not alter the expression of the p53, p21 and p16 genes,
but increase the expression of the p27 gene

After to see those treatments with ET and F1 were able to decrease
cyclin levels and CDK’s, we investigate their regulation by CDK in-
hibitors (CDKIs). There are two known families of CDKIs, i.e. the INK4
inhibitors (p16/INK4A, p15/INK4B, p18/INK4C and p19/INK4D) and
the CIP/KIP inhibitors (p21/CIP1, p27/KIP1 and P57/KIP2). The gene
expression pl6, p53, p21 and p27 was investigated. It was found that
p53, p21 and pl6 gene expression did not increase in response to
treatment with ET and F1 (Fig. 6A-C). However, treatment with ET and
F1 was able to increase p27 expression (Fig. 6D).
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Fig. 6. Effect of ET (60 pg/mL) and F1 (60 pg/mL) on the expression of genes encoding cell growth regulators in GRX cells after 72 h of treatment. Relative
expression of mRNA(A) p53, (B) p21, (C) p16 and (D) p27 in treatment groups. CIS (25 pM) and H0, (150 M) was used as a positive control. B2M was used as an
internal control. Results are expressed as target gene/B2M and data represent mean + SD (n = 4). **p < 0.01 and ***p < 0.001 in relation to control.

3.7. mTOR reduction is involved in ET and F1-induced cell cycle arrest

mTOR is a classical pathway involved in numerous cellular func-
tions, including cell proliferation and cell cycle progression by inhibiting
cell apoptosis and promoting cell proliferation (Sui et al., 2021; Zhang
et al., 2017). Thus, mTOR protein expression was evaluated by western
blotting. The result showed that mTOR expression was decreased by

treatment with ET and F1 (Fig. 7A-B).

3.8. ET and F1 increase acidic vesicular organelles in GRX cells

Autophagy is a process that plays a key role in preserving biological
processes and decreasing cell proliferation in defective cells (Calzadilla
et al., 2011). Taking into account this information, we evaluated the
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Fig. 7. Effect of ET (60 pg/mL) and IF (60 pg/mL) on (A) mTOR protein expression in GRX cells after 72 h of treatment. (B) GAPDH was used as an internal control
for protein expression. Results indicate target gene/GAPDH and data represent mean + SD (n = 4). ***p < 0.001 compared to the control.

induction of autophagy by ET and F1 through the formation of acidic
vesicular organelles (AVOs) (Fig. 8A-B), due to the relationship between
cell cycle arrest and autophagy. Treatment with ET and F1 increased the
percentage of AVOs in GRX cells (Fig. 8A). Treatment with rapamycin
(RAPA; 1 pM) was used as a positive control and promoted a significant
increase in AVOs. Thus, AVO formation suggests that the increase in
lysosomal content is a cellular response induced by ET and F1 in GRX
cells.

3.9. ET and F1 can reverse the activated phenotype of GRX
myofibroblasts

It is believed that two possible pathways exist to decrease hepatic
fibrosis. The first # is to decrease cell proliferation and the second is to
reverse cell phenotype. Aimed at investigating the capacity of the ET and
Flfraction in the reversal of GRX cell phenotype, i.e. inducing lipid
accumulation in the cytoplasm, the cells were observed and quantified
by ORO staining. Both treatments induced GRX cells to increase fat

storage capacity in the cytoplasm (Fig. 9C) and quantified absorbance at
492 nm (Fig. 9A). NAC treatment also induced lipid accumulation in the
cytoplasm (Fig. 9A-C). Considering that staining with ORO revealed the
formation of fat droplets, the expression of PPARy, which is a lipid
synthesis-related gene, was determined, thus elucidating the phenotypic
reversal mechanism pathway. Compared to the control group, the
treated groups showed a significant increase in PPARy mRNA expres-
sion, suggesting that the investigated treatments are involved in lipid
droplet accumulation in the GRX cell cytoplasm (Fig. 9B).

3.10. ET and F1 reduce extracellular matrix components

After verifying that the treatments were able to induce the produc-
tion of lipid droplets in GRX cells, the ability of ET and F1 was also found
to be able to decrease gene expression in pro-fibrotic genes such as TGF-
B (Fig. 10A), Col-1 (Fig. 10B) and a-SMA (Fig. 10C). Furthermore, we
show that ET and F1 decreased a-SMA protein expression, corroborating
our findings about gene expression (Fig. 10D-E).
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Fig. 8. Effect of extract and fractions on cellular autophagy. (A) Cells were exposed to ET (60 pg/mL) and F1 (60 pg/mL) or RAPA (1 uM) as the positive control. (B)
Representative flow cytometry plots of FITC (x-axis)/PerCP (y-axis) to assess autophagy. Data represent mean + SD (n = 4). *P < 0.05, **P < 0.01 and ***P < 0.001

compared to the control with only medium and cells.
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Fig. 9. Staining, lipid quantification and mRNA
expression of PPARy after 72 h of treatment. (A)
Quantitative results of the treatment with ET (60 pg/
mL) and F1 (60 pg/mL) performed by the quantifi-
cation of the lipid droplets dissolved in isopropyl
alcohol (active absorbance value for ORO adjusted for
the number of cells 5 x 10%). NAC was used as the
positive control (400 pg). (C) Qualitative results ob-
tained by evaluating lipid droplets stained with Oil
Red O (400x magnification); lipid droplets are indi-
cated by arrows. (B) Effect of ET and F1 on PPARy

® B
8 15 12-
b

:’% y s Jon § 10
E E g 8+
§ €

2 <.

‘é’ 0.5 5

8 &

S

2

<

mRNA expression after 72 h of treatment. Results are
expressed as target gene/B2M and data represent
mean + SD (n = 4). *p < 0.05 and ***p < 0.001
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erences to color in this figure legend, the reader is
referred to the Web version of this article.)
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Fig. 10. Effect of ET (60 pg/mL) and IF (60 pg/mL) on the expression of pro-fibrotic genes in GRX cells after 72 h of treatment. Relative expression of (A) TGF-f, (B)
COL-1, (C) a-SMA mRNA in treatment groups. (D-E) a-SMA protein expression by W. Blot. NAC was used as a positive control (400 pg). B2M was used as an internal
control for gene expression and GAPDH was used as an internal control for protein expression. Results indicate target gene/B2M and data represent mean + SD (n =

4). *p < 0.05, **p < 0.01 and ***p < 0.001 in relation to the control.
3.11. Phytochemical analysis of M. polymorphum extract and fractions

The main chemical compounds found in the extract ethanol and
fraction 1 are shown in Tables 2 and 3 respectively. The phytochemical
analysis of ET from MP showed the presence of 49 phytochemical
compounds, being the majority compounds Palmitic acid (10.57%),
Ethyl acetoacetate (9.90%) and Valeric acid (7.51%). The phytochem-
ical analysis of F1 found 40 compounds, where the major ones were
Coniferyl (12.21%), Palmitic acid (10.31%) and Adipic acid (8.51%). In

Fig. 11A and B we can see the chromatographic profile of ET and F1,
respectively.

4. Discussion

The Asteraceae family is one of the largest families of flowering
plants, having been used in the diet and medicine for centuries for their
antioxidant, anti-inflammatory as well as diuretic and healing proper-
ties, which are attributed to their range of phytochemical compounds,
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Table 2
Phytochemical compounds detected in M. polymorphum of ET by GCMS.
Peak#  R.Time Compounds Name Synonyms Molecular Formula
(mim) (%)
1 4.432 2.17 2-Propanone, 1,1-dimethoxy- Dimethoxyphenylacetone/Anisyl C11H1403
propionate
2 5.215 1.17 Butanoic acid, 3-methyl Valeric Acid C5H1002
3 5.695 9.90 Pentanoic acid, 3-oxo-, methyl ester Ethyl acetoacetate C6H1003
4 5.870 7.51 Butanoic acid, 2-methyl Valeric acid C5H1002
5 5.981 5.84 1-Methyl-3-pyrrolidinol N,N-Dietilformamida C5H11NO
6 6.149 1.54 1-Butanol, 3-methyl-, acetate Ethyl pentanoate C7H1402
7 7.503 0.74 1,2-Cyclopentanedione Ethyl propiolate C5H602
8 9.763 3.35 But-3-enyl (E)-2-methylbut-2-enoate Cyclohexyl acrylate C9H1402
9 9.830 1.30 3-Hexenoic acid, (E)- Acetonylacetone C6H1002
10 10.395 0.75 1-Acetyl-1,4-dihydropyridine p-Anisidine C7HONO
11 11.815 0.81 2-Pyrrolidinone Pyrrolidone C4H7NO
12 12.579 2.27 Caprolactam Aminocaproic Lactam C6H11NO
13 13.195 1.18 5 4-(4-Methyl-piperazin-1-yl)-1,5,-dihydro-imidazole Carcinine C8H14N40
14 13.705 0.88 Succinimide Methyl cyanoacetate C4H5NO2
15 14.176 0.50 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6- 2,3-Dimethylfumaric acid C6H804
16 14.540 2.79 1-Piperazineethanamine, 4-methyl Dehydrospermidine C7H17N3
17 15.048 0.90 Methanol, oxo-, benzoate Formyl benzoate C8H603
18 15.533 5.67 N-Methylpyrrole-2-carboxylic acid Ethyl cyanoacrylate C6H7NO2
19 16.132 1.14 1,4:3,6-Dianhydro-.alpha.-d-glucopyranose Dimethyl fumarate C6H804
20 16.450 1.19 Benzofuran, 2,3-dihydro Flavan C15H140
21 16.900 0.92 Oxamide, N-(2-morpholinoethyl)- Oxamide C8H15N303
22 17.122 0.71 Glutamine L-glutamine C5H10N203
23 17.434 3.60 Benzeneacetic acid Phenylacetic acid C8H802
24 18.146 0.55 2-Methyl-4-pyridinamine 1-oxide 2,4-diaminophenol C6H8N20
25 19.063 1.17 1-Amino-4-(2-hydroxyethyl)piperazine Diethylaminomethylurea C6H15N30
26 19.095 1.26 2-Methoxy-4-vinylphenol Ethyl benzoate C9H1002
27 20.110 1.92 Phenol, 2,6-dimethoxy Eusiderin C22H2606
28 22.155 1.35 5-Hydroxypipecolic acid N-hydroxypipecolic acid C8H1003
29 22.528 0.94 2-Pyrazolin-5-ol, 5-tridecafluorohexyl-1-(2-hydroxybenzoyl)-3- - C17H11F13N203
methyl
30 25.472 0.52 3-tert-Butyl-4-hydroxyanisole BHA C11H1602
31 27.408 0.81 Methyl-(2-hydoxy-3-ethoxy-benzyl)ether 2,4,6-Trimethoxytoluene C10H1403
32 27.622 0.62 2-Butanone, 4-(2,6,6-trimethyl-1-cyclohexen-1-yl)- Solanone C13H220
33 29.373 3.39 3 4-((1E)-3-Hydroxy-1-propenyl)-2-methoxyphenol Coniferyl C10H1203
34 29.686 0.55 Tetradecanoic acid Myristic acid C14H2802
35 30.062 1.34 Widdrol hydroxyether - C15H2602
36 30.246 0.53 (1R,2R,3S,5R)-(—)-2,3-Pinanediol Citronellic acid C10H1802
37 32.014 0.43 1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) ester Dibutyl phthalate C16H2204
38 32.561 0.53 3,5-Dimethoxy-4-hydroxyphenethylamine Tenuazonic acid C10H15NO3
39 33.744 10.57 n-Hexadecanoic acid Palmitic acid C16H3202
40 35.115 0.98 Undecanoic acid Methyl decanoate C11H2202
41 36.592 0.46 Phytol (E)-Phytol C20H400
42 36.937 1.41 9,12-Octadecadienoic acid (Z,Z)- Linoleic acid C18H3202
43 37.064 3.15 9,12,15-Octadecatrienoic acid, (Z,Z,Z)- Alpha-linolenic acid C36H6004
44 37.434 5.58 Octadecanoic acid Stearic acid C18H3602
45 38.176 1.09 Andrographolide Andrographis C20H3005
46 38.973 1.66 Benzyl.beta.-d-glucoside - C13H1806
47 43.176 0.94 Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester Glyceryl palmitate C19H3804
48 44.357 0.99 Butanoic acid, 2-methyl-, 2-methoxy-4-(2-propenyl)phenyl ester ~ Parthenolide C15H2003
49 48.721 2.52 Stigmasterol b-stigmasterol C29H480

including polyphenols, phenolic acids, flavonoids, and acetylenes and
triterpenes. In this sense, MP (Asteraceae) has been reported to have
anti-inflammatory properties and has been used to treat chronic diseases
both in folk medicine and in scientific studies (David et al., 2014;
Piornedodos et al., 2011; Teixeira et al., 2016).

Our research evaluated the anti-fibrotic potential of ET and F1 of MP,
and we obtained a decrease in the growth of GRX cells. The results
showed that the antiproliferative activity of MP in ET and F1 was not
associated with membrane damage, indicating that the decrease in
fibrotic cells was not due to necrosis. This finding demonstrates the
promising anti-fibrotic and non-cytotoxic effect of ET and F1 against
activated stellate cell proliferation.

As the treatments with ET and F1 reduced cell proliferation, we
aimed to establish the mechanism responsible for this effect, evaluating
GRX cell death by apoptosis. Regarding apoptosis, the reduction in the
number of cells observed in response to treatment with ET and F1 was
not due to this cellular mechanism or to the activation of necrosis-
induced programmed cell death. The absence of necrosis by flow

cytometry corroborates the results of the LDH enzyme leakage experi-
ment, demonstrating that the compounds were not cytotoxic at the dose
used in this study. To certify that the treatment did not cause apoptosis
in GRX cells, we evaluated the gene expression of BAX and BCL-2. In
apoptosis, activation of the BAX gene occurs (protein X associated with
BCL-2), which incites the opening of mitochondrial ion channels which
permeabilizes the outer membrane, leading to the activation of caspases.
This mechanism causes inhibition of the anti-apoptotic protein BCL-2,
which is extremely important for apoptotic process to continue
(Edlich, 2018). Our results showed a decrease in the expression of the
BAX gene and protein and an increase in the expression of the BCL-2
gene, corroborating the results obtained by flow cytometry that
showed that the treatments did not provoke apoptosis. In addition,
treatment with cisplatin (positive control) activated BAX and decreased
the expression of the BCL-2 gene; with this treatment, GRX cells un-
derwent cell death by apoptosis.

Since the decrease in proliferation was not due to apoptosis, we
investigated whether this decrease was related to cell cycle arrest.
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Table 3
Phytochemical compounds detected in M. polymorphum of F1 by GCMS.
Peak#  R.Time Compounds Name Synonyms Molecular
(mim) (%) Formula
1 3.942 1.56 Acetylacetone Tiglic acid C5H802
2 4.096 1.27 Ethanol, 2-methoxy-, acetate 3-Hydroxypentanoic acid C5H1003
3 4.306 1.09 Butanoic acid, ethyl ester Hexanoic acid C6H1202
4 4.429 1.70 Formamide, N-methoxy- 4-Phthalimidobutyric acid C12H11NO4
5 5.275 1.57 2-Pentanone, 4-hydroxy-4-methyl- Diacetone alcohol C6H1202
6 6.162 4.95 1-Butanol, 3-methyl-, acetate Ethyl pentanoate C7H1402
7 6.287 0.62 2-Butanone, 3,4-epoxy-3-ethyl- Acetonylacetone C6H1002
8 9.554 1.01 Pyridine, 2,4,6-trimethyl- Phenylethylamine C8H11N
9 9.696 0.56 3-Hexenoic acid, (E)- Hexane-2,5-dione C6H1002
10 9.914 0.37 1,3-Dioxolane-2-methanol, 2,4-dimethyl- 2,4-Dimethyl-1,3-dioxolane-2- C6H1203
methanol
11 10.311 0.47 2-Cyclohexen-1-one Cyclohexenone C6H80
12 11.522 0.79 Pentanoic acid, 4-oxo- Levulinic acid C5H803
13 13.058 3.72 2-Oxooctanoic acid Butyric anhydride C8H1403
14 13.196 8.52 alpha.-Hydroxyisobutyric acid, acetate Adipic acid C6H1004
15 14.165 1.39 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- 2,3-Dimethylfumaric acid C6H804
16 15.180 2.09 N-Methylpyrrole-2-carboxylic acid Ethyl 2-cyanoacrylate C6H7NO2
17 15.529 1.70 Ethanol, 1-(2-butoxyethoxy)- Diethylene glycol n-butyl ether C8H1803
18 17.766 0.50 Benzoic acid, 4-methyl- Methyl benzoate C8H802
19 18.531 2.07 2-Pentenoic acid, 4-hydroxy- Levulinic acid C5H803
20 18.757 3.20 2(5H)-Furanone, 3,5,5-trimethyl- Allyl methacrylate C7H1002
21 19.217 5.98 Furan, tetrahydro-2,2,4,4-tetramethyl- Tetrahydrofuran C8H160
22 20.472 2.34 4-Methyl-4-(tetrahydropyran-2-yl)oxypentane-2,3-dione - C11H1804
23 21.182 1.38 Decanoic acid, ethyl ester Lauric acid C12H2402
24 22.443 7.33 Benzaldehyde, 2-hydroxy-4-methyl- Methyl benzoate C8H802
25 23.827 0.77 1,3-Cyclohexanediol, 2,5-dimethyl-2-nitro-, diacetate (ester), (1. Glutaconylcarnitine C12H19NO6
alpha.,2)
26 24.157 1.46 Phenol, 2,4-bis(1,1-dimethylethyl)- 2,4-Di-tert-butylphenol C14H220
27 28.564 1.88 Phenol, 2,6-dimethoxy-4-(2-propenyl)- 2,4-Diethoxybenzaldehyde C11H1403
28 28.818 0.83 Acetic acid, (3-allyloxy-1,1-dimethylbutyl) ester Ethyl 2-acetylheptanoate C11H2003
29 29.363 12.21 4-((1E)-3-Hydroxy-1-propenyl)-2-methoxyphenol Coniferyl C10H1203
30 30.046 1.62 9,10-Dimethyltricyclo[4.2.1.1(2,5)]decane-9,10-diol Geranyl acetate C12H2002
31 32.017 0.90 1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) ester Dibutyl phthalate C16H2204
32 32.569 0.85 2,4-Dimethoxybenzyl alcohol 1,2,4-Trimethoxybenzene C9H1203
33 33.735 10.31 n-Hexadecanoic acid Palmitic acid C16H3202
34 37.432 2.59 Octadecanoic acid Stearic acid C18H3602
35 38.178 291 Andrographolide Andrographis C20H3005
36 38.327 2.86 3.alpha.,17.beta.-dihydroxyestr-4-ene Stearidonic acid C18H2802
37 40.555 1.12 9,19-Cyclolanost-23-ene-3,25-diol, 3-acetate, (3.beta.,23E)- (20RS)-3p-Acetoxylupan-29-al C32H5203
38 43.182 1.70 Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester Glyceryl palmitate C19H3804
39 44.351 1.32 Butanoic acid, 2-methyl-, 2-methoxy-4-(2-propenyl)phenyl ester Parthenolide C15H2003
40 45.848 1.18 Phenol, 2-methoxy-4-(1-propenyl)-, acetate Acetyleugenol C12H1403

Therefore, we evaluated the expression of the cyclin genes CCND1,
CDK2, CDK4 and CDK6. The treatments showed inhibition of the tested
cyclins, which are important cell cycle regulators that promote cell
proliferation and growth cell (Besson et al., 2008). These results suggest
a strong correlation between the decrease in the number of cells and the
induction of cell cycle arrest.

CDKs coordinate cell cycle progression and their activity has been
linked to a variety of diseases through the dysregulation of cell cycle
control. The CDKI (CDK-interacting protein/kinase inhibitor protein)
family of proteins is involved in cell cycle regulation, transcriptional
regulation, apoptosis and cell migration (Amani et al., 2021). After
determining that ET and F1 treatments were able to decrease cyclin
levels, we investigated the CDKIs p53, p21, p16 and p27. These CDKIs
did not show an increase in expression when treated with ET and F1, and
this was not the way by which CDKs were downregulated. However, the
p27 gene, whose main function is to bind and inhibit cyclinE/CDK2
complexes and also cyclinD/CDK4-6 complexes (Amani et al., 2021),
was increased with treatment, suggesting the mechanism by which CCA
occurred, consequently decreasing the proliferation of GRX cells.

An interesting finding described by Amani et al. (2021) demon-
strated that p27, when expressed in lymphomas, causes a decrease or
maintains the normal expression of p53 and p16. These data corroborate
our findings in this study, where GRX cells treated with ET and F1
maintained unaltered p53 levels and decreased pl6 compared to
control.
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A decrease in the expression pattern of cell cycle regulators is asso-
ciated with overexpression of BCL-2 in quiescent cells or with abnor-
mally increased proliferation. BCL-2-dependent upregulation of p27
inhibits the CyclinE/CDK2 complex, and thus decreases cell cycle pro-
gression (Du et al., 2021; Ghatei et al., 2017; Tsukamoto et al., 2006).
BCL-2 affects the cell cycle at the transition between the GO/G1 and S
phases or during the G2/M phase (Martins et al., 2015). Inhibition of the
G1/S transition by BCL-2 overexpression occurs by modulating the level
of proteins, such as p27, involved in the control of the G1/S transition.
This effect may be reinforced by the inhibitory action that BCL-2 over-
expression may have on multiple signaling pathways involved in the
control of cell proliferation (Ghatei et al., 2017). Our results showed an
increase in BCL-2 gene expression, corroborating these results.

The p27 protein binds and inhibits cyclin-CDK complexes in the
nucleus, inducing cell cycle arrest. Notably, cytoplasmic p27 has been
reported to promote macroautophagy/autophagy in response to nutrient
shortages (Nowosad et al., 2021). Recent findings have found that,
during prolonged amino acid starvation, p27 promotes autophagy via an
mTOR-dependent pathway (Nowosad et al., 2021). Therefore, p27 re-
presses MTORC1 activity, leading to nuclear translocation of the TFEB
transcription factor and activation of lysosomal function, increasing the
autophagic flow (Nowosad et al., 2021). Therefore, p27 represses
MTORC1 activity, leading to nuclear translocation of the TFEB tran-
scription factor and activation of lysosomal function, increasing the
autophagic flow (Nowosad et al., 2021). Thus, the evaluation of the
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Fig. 11. GCMS analysis of ET (A) and F1 (B) compounds from M. polymorphum.

autophagic process by ET and F1, through the formation of AVOs, sug-
gests an increase in lysosomal content in the cellular response induced
by treatment with ET and F1 in GRX cells, suggesting a possible auto-
phagic process.

The p27 protein is considered one of the main inhibitory molecules
of the cell cycle and, therefore, controller of cell proliferation. Moreover,
recent studies have shown that p27 induce inhibition of the mTOR
signaling pathway in case of nutrient starvation and provoke a cell
proliferation arrest in G1/S. This study also showed that, prolonged
amino acid withdrawal, the cell-cycle inhibitor p27 exerts a direct
negative feedback on the master cell growth regulator mTOR by
participating in its inhibition, illustrating the crosstalk between the cell
division and cell growth machineries (Nowosad et al., 2021). To
corroborate the p27 gene expression increased by our treatment, we
evaluated mTOR protein expression. Our results demonstrated that both
ET and F1 caused a significant decrease in mTOR, showing that our
treatment was able to increase P27 gene expression, which may have
caused a decrease in mTOR, showing an important relationship between
the decrease in key molecule in cell proliferation (mTOR) and its rela-
tionship with the increase in p27 protein. Our treatment appears to play
an important role in mediating growth arrest by mTOR via the upre-
gulation of p27.

HSCs, when in a quiescent state, accumulate retinol (vitamin A) in
cytoplasm, and are known as lipocytes. These cells exert the function of
maintaining the hepatic tissue and synthesizing proteins responsible for
the formation and degradation of liver tissue ECM components (Bor-
ojevic et al., 1985; Iredale, 2008). Oil Red O staining allows for the
visualization of lipid deposits in the GRX intracellular contents, and
changes in cell morphology can be observed under phase-contrast mi-
croscopy. GRX cells treated with ET and F1 lost their elongated
appearance and acquired a larger, polygonal shape, while control cells
preserved their myofibroblast-like morphology and had few lipid
droplets. These results show that our treatments had an antiproliferative
effect and could deactivate HSCs, transforming the fibroblastic pheno-
type into quiescent cells.

PPARy is a transcription factor related to quiescent phenotype in-
duction in HSCs (Tsukamoto et al., 2006). To investigate the mechanism
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involved in quiescent phenotype restoration, PPARy mRNA expression
was evaluated, showing that PPARy gene expression was increased by
treatment with ET and F1, suggesting a possible restoration of HSC
quiescence. The non-alteration of PPARy mRNA expression in NAC
treatment seems to coincide with the literature, since its effect is mainly
related to PPAR-« expression (Calzadilla et al., 2011).

To determine the possible effects of treatments on the HSCs pheno-
type, TGF-B, a-SMA and Col-1 profibrotic gene expression levels were
investigated. The results show that the mRNA expression of these genes
and de expression of a-SMA protein were suppressed by treatment with
ET and F1. The cytokine TGF-§ is a growth-related factor and plays a key
role in HF development, mainly by activating quiescent HSCs, sup-
pressing the characteristic of accumulating vitamin A in the cytoplasm
and thus increasing cell contractility (Hernandez-Gea and Friedman,
2011). The ability to contract HSCs is related to increased o-SMA
expression, since this actin isoform increases in myofibroblasts and has a
fundamental role in the development of the fibrotic response. Another
factor that is characterized by an increase in activated fibroblasts is the
production of Col-1, which increases collagen deposition and thus tissue
contracts more. These indicates a modulating effect of the treatments on
the HSC phenotype, which may lead from an activated to a quiescent
state.

ET and F1 extracts were phytochemically analyzed and showed
different profiles, however, some compounds appear in both extracts.
Among the major compounds in common between ET and F1, we can
mention Coniferyl, which is an anti-inflammatory agent already used by
the pharmaceutical industry, as well as in the treatment of liver cancer
(He et al., 2021; Wang et al., 2020; Yao et al., 2018). ET presented Ethyl
acetoacetate as one of its major compounds that is used in the produc-
tion of a wide variety of anti-inflammatory compounds, which may be
related to our findings (Amani et al., 2021; Farghaly et al., 1990; Fayed
et al., 2021). Another compound that is part of the ET and corroborates
our findings is Valeric acid, which affects several cancer-related path-
ways, such as liver cancer, through cell cycle arrest (Han et al., 2020;
Park et al., 2016; Shi et al., 2021). F1 presented Adipic acid as one of its
major compounds and it has been described in the literature for the
treatment of inflammatory diseases and cancer (O’'Neill et al., 2019;
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Tabasi et al., 2013).
5. Conclusion

Natural products have played an important role in the creation of
new alternatives to drugs with anti-inflammatory and antifibrotic ac-
tivities. Our in vitro analysis showed that ET and F1 reduced GRX cell
proliferation without causing cytotoxicity. Furthermore, it is suggested
that the antiproliferative effect is related to the induction of cell cycle
arrest, mediated by the upregulation of the p27 pathway by total extract
and fraction 1. This upregulation causes inhibition of CDKIs, thus trig-
gering cell cycle arrest. These phenomena can be highlighted in the
treated cells and can be attributed, to a certain extent, to the therapeutic
potential provided to the compounds present in the extracts. Our results
also show that treatments can modulate the activated HSCs phenotype
by activating PPARy and decreasing profibrotic genes. Finally, our re-
sults suggest that extracts obtained from M. polymorphum has a potential
therapeutic effect against liver fibrosis, but more studies still need to be
carried out to confirm the potential effect of M. polymorphum extracts
against liver fibrosis, as in vivo models, but we can already observe an
interesting effect in vitro model.
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