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The antitumoral activity of plants containing quinonic compounds has been reported, however
there is a need to evaluate Eleutherine plicata. This study assesses the impact of E. plicata
fractionation in its antitumoral effect. The ethanol extract obtained from E. plicata bulbs (EEEP)
was fractionated under reflux. The dichloromethane fraction (FRDCM) was refracted in a
chromatographic ~ column, isolating eleutherol, isoeleutherin and eleutherin. The
antitumoralactivity was evaluated in cell line (oral cancer-SCC-9) and normal cell line (human
keratinocytes-HaCaT) using the sulforadamine, three-dimensional spheroid and cell migration
assays. The greatest inhibitions of cell proliferation and selectivity index were observed with
EEEP (SCC-9: ICsy = 12.87 + 0.86 and HaCaT: 28.81 + 1.82 pg/mL). Cell desagregation was
influenced by the exposure time and concentration of EEEP. Greater inhibitory effect on speed
and targeting was observed in tumor cells treated with EEEP. In summary, EEEP has a
promisingantitumor activity.
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dichloromethane fraction (FN = 20.43%). However, isoeleutherin
showed higher cell damage index (DI = 2.07) in the comet assay, than
ethanol extract (DI = 1.48), dichloromethane fraction (DI = 1.96) and
negative control (DI = 0.77) (Galucio, 2014). These preliminary
results may indicate that E. plicata has antitumor potential. The
antitumoral effect of eleutherin and isoeleutherin was evaluated in
different tumor lines and in the human non-tumor line HacaT
(keratinocytes). The concentration that caused total cell growth
inhibition (TGI), by eleutherin, in glioma, breast cancer, and HaCaT

INTRODUCTION

Eleutherine plicata (Iridaceae), known by Amazonian populations as
marupazinho (Brasil, 2009), is popularly used to treat diarrhea,
amoeba, intestinal infection, liver disease, hemorrhage and anemia
(Pinto, 2008). Chemical studies of extracts obtained from bulbs of
this plant led to the isolation of several naphthoquinones, naphthalene
compounds, anthraquinones and terpenes, among the isolated

constituents, the main products include naphthalene -eleutherol
(Figure 1 a); naphthoquinones eleutherin (Figure 1 b) and
isoeleutherin (Figure 1 c) (Alves et al., 2009; Paramapojn et al.,
2008; Malheiros et al., 2015; Vale et al., 2020). The antitumor
activities of the ethanol extract (EEEP), dichloromentane fraction
(DFEP), isoleutherin (ISO) and unidentified naphthoquinone (UN)
were evaluated in hepatocarcinoma cell line (HepG2). The DFEP was
cytotoxic (ICso 19.04) and naphthoquinones were also cytotoxic
(ISO-ClIsp 31.11 pg/mL; NNI-Clso-15.37 pg/mL). In order to verify
whether the effect was related to genotoxicity, the samples were
subjected to comet and micronucleus assay using the same strain.
Isoeleutherin presented the lowest frequency of micronuclei (FN =
4.03%) in relation to ethanol extract (FN =9.13%) and the

were: 2.8 pg/mL, 4.8 pg/mL and 20 pg/mL, respectively. Using the
same cell lines, the eleutherol concentrations that inhibited cell
growth (Glsp) were 3.1 pg/mL in glioma cells, 3.0 ng/mL for breast
cancer, 6.3 pg/mL in leukemia and 18.7 pg/mL in keratinocytes
(Campos, 2015). These results suggest a greater activity of eleutherin
and isoeleutherin on tumor cells. This article describes, for the first
time, the antitumoral effect of EEEP and DFEP and their activity on
spheroids disaggregation and cell density as well.In addition, our
search evaluated whether eleutherin, isoeleutherin and eleutherol
have a greater antitumoral effect (oral squamous carcinoma of
intermediate aggressiveness: SCC-9), keratinocytes (HaCaT) and
compared the selective potential for tumor cells (SCC-9) with EEEP
and FDEP.
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(a) (b) (c)

Figure 1. Substances Isolated from Eleutherine plicata.(a)Eleutherol;
(b)Eleutherin; (c) Isoeleutherin

The antitumor activities of the ethanol extract (EEEP),
dichloromentane fraction (DFEP), isoleutherin (ISO) and unidentified
naphthoquinone (UN) were evaluated in hepatocarcinoma cell line
(HepG2). The DFEP was cytotoxic (ICsy 19.04) and naphthoquinones
were also cytotoxic (ISO-Clsy 31.11 pg/mL; NNI-Cls¢-15.37 pg/mL).
In order to verify whether the effect was related to genotoxicity, the
samples were subjected to comet and micronucleus assay using the
same strain. Isoeleutherin presented the lowest frequency of
micronuclei (FN = 4.03%) in relation to ethanol extract (FN = 9.13%)
and the dichloromethane fraction (FN = 20.43%). However,
isoeleutherin showed higher cell damage index (DI = 2.07) in the
comet assay, than ethanol extract (DI = 1.48), dichloromethane
fraction (DI = 1.96) and negative control (DI = 0.77) (Galucio, 2014).
These preliminary results may indicate that E. plicata has antitumor
potential. The antitumoral effect of eleutherin and isoeleutherin was
evaluated in different tumor lines and in the human non-tumor line
HacaT (keratinocytes). The concentration that caused total cell
growth inhibition (TGI), by eleutherin, in glioma, breast cancer, and
HaCaT were: 2.8 pg/mL, 4.8 pg/mL and 20 pg/mL, respectively.
Using the same cell lines, the eleutherol concentrations that inhibited
cell growth (Glsg) were 3.1 pg/mL in glioma cells, 3.0 pg/mL for
breast cancer, 6.3 pg/mL in leukemia and 18.7 pg/mL in
keratinocytes (Campos, 2015). These results suggest a greater activity
of eleutherin and isoeleutherin on tumor cells. This article describes,
for the first time, the antitumoral effect of EEEP and DFEP and their
activity on spheroids disaggregation and cell density as well.In
addition, our search evaluated whether eleutherin, isoeleutherin and
eleutherol have a greater antitumoral effect (oral squamous carcinoma
of intermediate aggressiveness: SCC-9), keratinocytes (HaCaT) and
compared the selective potential for tumor cells (SCC-9) with EEEP
and FDEP.

MATERIALS AND METHODS

Plant material and isolation: The E. plicata bulbs were collected in
Tracuateua, Para, Brazil (Lat. 1.1436°, Long 46.9551°), an exsiccate
was deposited at the Museu Paraense Emilio Goeldi (MG 202631).
The ethanol extract was obtained by macerating the dry powder of the
bulbs (924 g) in ethanol (2L for 7 days). The ethanol extract (44 g)
was fractionated under reflux, resulting in 4 fractions n-hexane (3.69
g), dichloromethane (9.99 g), ethyl acetate (6.78 g) and methanol
(21.9 g), monitored by thin layer chromatography (TLC; silica gel,
Hexane: ethyl acetate 8:2). The dichloromethane fraction was
refracted in a chromatographic column packed with silica gel (Sigma,
230x400 mesh, 40-63 pm) and eluted in solvents with increasing
polarities (Vale et al., 2020), obtaining three isolated substances:
eleutherol, isoeleutherin and eleutherin, identified by nuclear
magnetic resonance (Castro et al., 2021).

The Nuclear magnetic resonance (NMR) spectra were measured
using a Bruker Advance DPX 400 MHz NMR spectrometer (Bruker
Ascend), obtaining the following spectra:

Eleutherol - '"H NMR 400 MHz (CDCl;): & 1.73 (3H, d, J=8.0 Hz,
Me-11), & 4.10 (3H, s, OMe-10), 8 5.71 (1H, q, J= 8,0 Hz, H-1), §
6.92 (1 H, d, J= 8.0 Hz, H-7), 5 7.39 (1 H, t, J= 8.0 Hz, H-6), 5 7.55
(1 H, d, J=8.0 Hz, H-5), 5 7.85 (1 H, s, OH-4). 13*C NMR 100 MHz
(CDCLy): 8 19.30 (C-11), 8 56.55 (C-10), & 77.51 (C-1), & 106.44 (C-
7), 8 116.62 (C-6), 5 123.78 (C-5), 8 126.74 (C-4), 5 117.65 (C-8a),
126.02 (C-9a), & 128.05 (C-4a), & 137.35 (C-5a), & 149.31 (C-9), &

156.73 (C-8), 5 170.70 (C-3) (Castro et al., 2021). Eleutherin - 'H
NMR 400 MHz (CDCl5): & 1.36 (3 H, d, J= 8.0 Hz, Me-3),  1.53 (3
H, d, J= 8.0 Hz, Me-1), 3 2.19 (1 H, dq, J= 4.0; 16.0 Hz, H4-ax), &
2.74 (1 H, dt, J= 4.0; 16.0 Hz, H-4eq), 5 3.58 (1 H, m, H-3), 5 3.99
(3 H, s, OMe-9), & 4.85 (1 H, m, H-1), 8 7.27 (1 H, d, J= 8.0 Hz, H-
6), 8 7.63 (1H,t,J=8.0; 16 Hz, H-7), 8 7.72 (1H, d, J= 8.0 Hz, H-
8). 3C NMR 100 MHz (CDCl;): § 20.92 (Me-3), & 21.38 (Me-1), &
30.05 (C-4), 8 56.59 (C-9), & 68.70 (C-3), & 70.40 (C-1), & 117.93
(C-8), 5 119.12 (C-7), 8 134.66 (C-6), & 120.46 (C-4a), 134.15 (C-
11a), & 140.08 (C-5a), 5 148.83 (C-9a), & 159.54 (C-9), & 183.84 (C-
5), & 184.15 (C-11) (Castro et al., 2021). Isoeleutherin - '"H NMR
400 MHz (CDCly): 6 1.32 (3 H, d, J= 8.0 Hz, Me-3), 8 1.52 (3 H, d,
J=8.0 Hz, Me-1),  2.22 (1 H, dq, J= 4.0; 16.0 Hz, H4-ax), 5 2.68 (1
H, dd, J= 4.0; 16.0 Hz, H-4eq), 5 3.99 (3 H, s, OMe-9), § 4.99 (1 H,
m, H-1), § 7.27 (1 H, d, J= 8.0 Hz, H-6), § 7.63 (1H, t, J= 8.0; 16
Hz, H-7), 8 7.72 (1H, d, J= 8.0 Hz, H-8). *C NMR 100 MHz
(CDCLy): 8 19.93 (Me-3), 8 21.67 (Me-1), 8 29.98 (C-4), & 56.62
(OMe-10), § 62.64 (C-3), 3 67.58 (C-1), § 117.99 (C-8), § 119.28 (C-
7), 8 119.93 (C-4a), & 134.26 (C-11a), 5 134.87 (C-11a), & 139.54
(C-52), & 148.23 (C-9a), & 159.90 (C-9), & 182.90 (C-5), & 184.42
(C-10) (Castro et al., 2021).

Assay for antitumoral activity: The cell lines HaCaT (keratinocytes
- ATCC® PCS-200-011TN ™) and SCC-9 (OSCC lineages, oral
squamous carcinoma of intermediate aggressiveness: SCC-9), were
obtained from Rio de Janeiro Cell Bank (BCRJ, Rio de Janeiro, RJ,
Brazil), were grown in Dulbecco's Modified Eagle Medium (DMEM,
Gibco) supplemented with 10% fetal bovine serum (FBS; Gibco), 1%
penicillin/streptomycin (Gibco) and glucose (Gibco), and incubated
in a humid atmosphere at 37° C and 5% CO,. When cell confluence
was observed, the cells were detached with trypsin and adjusted to
10* cells/ml. These cells were distributed in 96-well plates (4000
cells) and after 24h, they were treated with different concentrations of
EEEP, DFEP, isoeleutherin, eleutherin and eleutherol (15.62 to
700pug/mL) and then incubated for 24h. After that, the cell
monolayers were fixed with 10% (v/v) trichloroacetic acid and
stained with sulforhodamine B (SRB) for 30 min. The dye excess was
removed by repeated washing with 1% acetic acid (v/v). The protein-
bound dye was dissolved in a 10 mM tris base solution to determine
the optical density (OD) at 560 nm in a multiplate reader (Vichai et
al., 2000).

Three-dimensional (3D) test in spheroid model: In this assay the
same cell lines (HaCaT and SCC-9) were used. The wells of a 96-
well plate were coated with a solution of 0.15g of agarose + 10ml of
PBS (50uL in each well), added to the cells (volume/well of 104
cells/mL), followed by incubation for 24h. After that period, under
standard culture conditions, the cells condensed into single, compact
spheres with ~ 100% efficiency in a three-dimensional (3D) format.
Then, pictures were taken by a Zeiss microscope (10x objective).
Subsequently, treatment with EEEP, DFEP samples (125, 250 and
500 pg/mL) was performed. After that, we photographed the cells in
a Zeiss microscope (10x objective). The images were taken 24, 48
and 72 hours after the initial photos. The delimitation of the internal
area was quantified using the program ImageJ (Friedrich et al., 2009).

Time-lapse analysis: The cells (HaCaT and SCC-9) were plated in a
6-well plate (1x10°cells/well) and then treated with EEEP (15 and
250 pg/mL) for 24h. After the treatment, cells were detached with
trypsin (0.25% EDTA), washed, and plated again in 6-well plates
coated with collagen (5 pg/cm?) washed, in media for 3 h in incubator
CO2, 5% (37 °C). For analysis of the migration properties, phase
microscopy time-lapse images were captures for a period of 24 h at
10-min intervals [migration speed and spatial trajectory (ST)] with a
charge coupled device camera (Axiocam mrn, Zeiss, Gottingen,
Germany) attached to an inverted microscope (Axio Observer Z1,
Zeiss, Gottingen, Germany) using AXIOVISION Software (Zeiss,
Gottingen, Alemanha). The values for the assessment of migration
speed and ST were obtained using Image J software (National
Instituteof Health, Bethesda, MA, USA) and data were processed as
previously described (8) (Lamers ef al., 2011). For ST analysis, a
polar plot graph was constructed, which represents the ST developed
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by each migratory cell, where the X and Y coordinates of each
trajectory were normalized to start at a virtual (X=0) and (Y=0)
position.

Statistical analysisl: Statistical analysis was performed using
GraphPad version 5.0 (GraphPad Software). For comparison between
the groups, analysis of variance (ANOVA) was applied, followed by
the Tukey post-test for proliferation and bonferroni for spheroids. The
level of statistical significance was 5% (p <0.05).

RESULTS

The fractionation of EEEP resulted in the DFEP, and
chromatographic studies suggest the presence of quinonic
compounds, (data not shown) because the absorption bands in the
UV-Vis spectrum are suggestive of these compounds (247 and
270nm) (Hong et al., 2008). This fraction was refracted, and the
following compounds were isolated: isoleutherine, eleutherine and
eleutherol. All of these samples were subjected to an antitumoral
activity assessment test. The EEEP was toxic to tumor cells and
keratinocytes (HaCaT), with low selectivity for tumor cells. Similar
toxicity profile was observed for DFEP however, it had no selective
effect for tumor cells. The pure substances presented less toxicity to
tumor cells and normal cells. The isoeleutherin and eleutherin
isomers were not selective and eleutherol showed low selectivity
(Table 1). Regarding the antitumoral activity, we observed for all

samples a direct relationship with the concentration used: the higher
the concentration, the greater the inhibition of cell proliferation.The
samples that most inhibited tumor cell proliferation were EEEP and
DFEP. The eleutherin and eleutherol had the lowest inhibitory effects
for HaCaT (Figure 2). As EEEP and FRDCM showed greater
inhibitory potential against tumor cells proliferation, only these were
subjected to assays with spheroids. In Figure 4, it is clear that cell
disaggregation was .more accentuated in spheroids treated with the
highest concentration of EEEP and FRDCM, and the increased
exposure time contributed to cell disaggregation. However, a higher
internal density of the spheroids was observed in the lowest
concentrations and in the longest exposure times (Figures 3 and 4). A
similar fact was observed in spheroids treated with FRDCM, the
reduction occurred only in the lowest concentration (Figures 3 and 4).
In addition to antitumor activity, the inhibitory potential of EEEP on
metastases was evaluated. The EEEP reduced cellular migration of
tumor cells (SCC-9), especially at a concentration of 250 pg/mL
(Figure 5). However, EEEP did not interfere with HaCaT cell
migration, showing selectivity for tumor cells.

DISCUSSION

The EEEP was promising in antitumor activity of SCC-9, showing
selectivity for this activity. The extract fractionation led to a fraction
with high levels of naphthoquinones and naphthalene, FRDCM,
which was less selective for SCC-9 (Figure 2; Table 1).

Table 1. Antitumoral activity, in tumor and normal lines, by the ethanolic extract of Eleutherine plicata, fraction and isolated
compounds and their selectivity

Sample

Cell line ICs5p+SD (ng/mL)

Selectivity Index Classification

SCC09 HaCaT
Ethanol extract 12.87+0.86 28.81+1.82 2.23 Low selective
Dichlorometane fraccion 23.58+2.85 19.96+ 1.22 0.84 Non selective
Eleutherol 192.70+ 4.68 250.15+5.07 1.29 Low selective
Isoeleutherin 145.43+ 0.63 74.10+ 2.90 0.51 Non selective
Eleutherin 166.80+ 2.91 85.38+2.04 0.51 Non selectiv
150- HaCaT
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Figure 2. Antitumoral activity of Eleutherine plicata on tumor cell lines (SCC09) and keratinocytes (HaCaT).(EEEP) ethanol extract of
Eleutherine plicata; (FRDCM) dichloromethane fraction of Eleutherine plicata; (EOL) eleutherol; (ISO) isoeleutherin; (EINA)
eleutherin
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Figure 3. Images of the internal spheroid area of oral squamous
carcinoma cells (SCC-9), after treatment with EEEP and
FRDCM.(EEEP) ethanol extract of Eleutherine plicata; (FRDCM)
dichloromethane fraction of Eleutherine plicata; The figure shows
different treatment times (24, 48 and 72h) and different
concentrations of EEEP and DFEP (125, 250 and 500 pg/mL)

Figure 4. Images of the internal spheroid area of normal cells
line of human keratinocytes (HaCaT), after treatment with
EEEP and FRDCM.(EEEP) ethanol extract of Eleutherine
plicata; (FRDCM) dichloromethane fraction of Eleutherine
plicata; The figure shows different treatment times (24, 48 and
72h) and different concentrations of EEEP and DFEP (125, 250
and 500 pg/mL)
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Figure S:EEEP reduces cell migration speed and modifies directionality. TheOSCC cells (SCC-9) and no tumor cell (HaCaT) were
plated in migrationpromoting conditions and imaged for 24 h (time interval, 10 min). For analysis of migration velocity (A), individual
migratory cells were tracked, and the ratio of the total distance traveled by the migration time was computed. For the analysis of
directionality, the spatial trajectory of each migratory cell (individual lines) from control (CT) or EEEP treatment was normalized to
start at a virtual X =0 and Y = 0. Analysis of variance, n = 3 independent experiments, *p < 0.001
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This reduction in selectivity may result from synergistic effect of
constituents of FRDCM. Naphthoquinones are capable of inducing
oxidative stress through the intracellular formation of reactive oxygen
species, such as hydrogen peroxide (H,0,), superoxide anion (O,™)
and hydroxyl radical (HO"), which can damage some important
cellular components in both normal and malignant cells. This
interference alters cell division at specific points in natural
morphogenic evolution (Belizario, 2002). When altering cell
normality, the cell may enter into apoptosis due to oxidative stress
(Amatantes-Mendes ef al., 1999). Due to the generation of reactive
oxygen species, cells can be rendered unviable (Machado, 2000;
Silva et al., 2003). Another study demonstrated that FRDCM had
greater genotoxic potential than EEEP and related greater toxicity to
oxidative stress (Galucio, 2014). These results corroborate the results
obtained in the present study and make us suggest the use of EEEP is
safer than the use of FRDCM. Another study demonstrated that
fractionation contributed to the mutagenic potential, with FRDCM,
isoeleuterine and eleuterine being more toxic than EEEP (Castro et
al., 2021). These results strengthen the thesis that EEEP can be used
for medicinal purposes.

The isolation of naphthoquinones, eleutehrin and isoeleutherin, led to
a reduction in antiproliferative activity in SCC-9 and HaCaT
compared to EEEP and FRDCM (Figure 2, Table 1). Also, there was
a reduction in selectivity when compared to EEEP. These results
reinforce the hypothesis that the inhibition of cell proliferation by
EEEP and FRDCM resulted from a synergistic effect between
compounds. Studies have shown that structural changes in
naphthoquinones can interfere in their anti-tumor potential and other
activities. Aiming to understand the antitumor effects of
naphthopyran derivatives (eleutherin, isoeleutherin and eleutheriol), a
study evaluated immune responses mediated by T helper cells. This
study revealed that isoeleutherin, which has a 1,4-naphthoquinone
ring with a-methyl group, selectively and specifically stimulated the
production of IFNc by activating the transcription of the T-bet gene,
thus increasing Thl-mediated immune responses. However, a natural
naftopiran-4-one, eleutherinol, dramatically inhibited the production
of IFNc and IL-2 during Th cell activation, suppressing the cytokine
gene transcripts. Therefore, chemical modification and chirality of the
naphthopyran portion in isoeleutherin and eleutherinol may be critical
for selective modulation of immune responses mediated by T helper
cells and in the antitumor response (Hong et al., 2008). Initially, we
expected isoeleutherin would inhibit cell proliferation of SCC-9, but
this did not occur. Another study evaluated the activity of inhibiting
cell proliferation, in different tumor cell lines, by isoeleutherin and
eleutherin, with a promising response (Campos, 2015). It is worth
mentioning that different tumor strains have different sensitivity to
drugs (ATCC, 2020; Matuo ef al., 2011), It may justify the different
responses obtained. The in vitro model for studying classic anticancer
drugs is the monolayer cell culture. The two-dimensional (2D) model
can make significant contributions to cancer research, another
important model for studying the activity of molecules in cancer is
the three-dimensional (3D) culture model. Comparing the two
models, 3D culture can provide a microenvironment that more
reliably mimics the tumor tissues microenvironment (Wen et al.,
2013).

In this context, samples effect on multicellular spheroids was
evaluated. The greatest cell breakdowns were observed at the highest
doses and the longest exposure times of cells (SCC-9 and HaCaT) to
EEEP and FRDCM (Figures 3.4). The molecular bases of the cell
disaggregation process may involve the rupture of intercellular
junctions, with consequent development of mesenchymal epithelium
transition that lead to an increase in migratory, invasive and
metastatic potential (INCA, 2020). The EEEP affected cell-cell
adhesion of the tumor at 250 ng/mL and 500 pg/mL concentrations
after 48h, while FRDCM affected cell-cell adhesion at the same
concentrations, after 24h. In both samples, at a concentration of 125
png/mL, the multicellular spheroid behaved similarly to the control,
and remained very cohesive (Figure 3). The keratinocyte culture was
little affected, there were changes in the dosages of 500 pg/mL in
both samples, and in 250 pg/mL in FRDCM, the dispersion in this

strain was very succinct (Figure 4). The 3D assay is an environment
that best mimics the tumor, so there is greater difficulty for the
substance to diffuse through the tumor. In the present study, the
EEEP and FRDCM penetrate the tumor by breaking cell-cell
adhesions, further increasing the tumor permeability. It was
interesting that E. plicata caused a greater dissociation of spheroid
cells in the tumor cell line, but little affected keratinocytes, which
may indicate, a selectivity, and an important therapeutic potential.
Despite being promising as an anti-tumor, the EEEP still had a
knowledge gap regarding its inhibitory potential on metastasis. When
talking about metastases, the most critical steps are: cell migration
and invasion. It is known that metastatic cells are highly migratory
and invasive due to their cytoskeleton being poorly structured, in
addition to little adhesion to its substrate (Ortiz-Lopez et al., 2009).
EEEP decreases the directionality of cell migration, migration
trajectories of SCC9 cells treated 250 pg / mL. In addition, the
analysis of the directionality of the normal lineage cell showed that
the EEEP had little impact on the directionality (Figure 5), suggesting
a selectivity for tumor lineage. The reduction in directionality may be
related to inhibition / decrease of proteins responsible for cell
migration (Lin ef al., 2010). In the case of cancer with high metastatic
potential, the inclusion of compounds that inhibit cell migration,
reducing the possibility of metastasis, can contribute to the increase
in the effectiveness of chemotherapy (Almeida et al., 2005). This
benefit can be even greater if there is selectivity for tumor cells
(Cragget al., 2005). EEEP 2 appears to be selective for the tumor
lineage, interfering with very little migration speed and directionality
in normal cells.In summary, the study demonstrated the anti-tumor
potential of EEEP and FRDCM. The results revealed the isolation of
isoeleutherine and eleutherine naphthoquinones does not contribute
significantly to the activity, suggesting that the antitumor effect
results from synergism between the constituents. In spheroid studies,
we observed that two factors can interfere with the antitumoral
response: the exposure time and the concentration used. However, the
time of exposure and concentration had little influence on
cytotoxicity in normal cells. In addition, EEEP selectively inhibited
the migration of tumor cells, reaffirming that E. plicata has an anti-
tumor potential. It is believed that this activity is related to
synergisms between the chemical constituents of the species.
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