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Objective: This study evaluates the possible antiproliferative potential of the crude methanol extract ~ Published online 9 October
and three isolated compounds from the bulbs of C. paludosa. 2015
Materials and methods: Phytochemical analysis was carried out by conventional chromatographic KEYWORDS
g q g of: 1 13 q g q
tec'hrjlques, and the resu]tmg compounds were identified by NMR 'H and "°C. The antiproliferative Anticancer activity, human
activity was analysed using the sulforhodamine B assay. cell lines, methanol extract,
Results: Crude methanol extract of C. paludosa bulbs showed Glso values of between 1.6 and naphthoquinones
30.8 pg/mL. The naphthoquinone derivatives (eleutherine, isoeleutherine, and eleutherol) isolated
from the bulbs of C. paludosa exhibited promising cytotoxicity against several human tumour cell
lines, especially the two main compounds, eleutherine and isoeleutherine, against glioma and
breast cancer cell lines, with TGI values of between 2.6 and 13.8 pg/mL.
Conclusion: Cipura paludosa bulbs produce active principles with relevant antiproliferative
potential, such as naphthoquinone derivatives, identified as eleutherine, isoeleutherine, and
eleutherol. This is the first report indicating C. paludosa with antiproliferative potential.

Introduction and neuroprotective effects (Lucena et al. 2007, 2010; Silva
Neto et al. 2014).

From the bulbs of this plant, four derivatives of
naphthalene have been isolated and identified: three
known compounds (eleutherine, isoeleutherine, and
hongkonin) and a recently isolated new component
(11-hydroxyeleutherine). It has been shown that the two
main compounds of this plant (eleutherine and iso-
eleutherine) exhibited pronounced activity in different in

. larly T “rlhood Ny . vivo models of inflammation and hypernociception
is popularly known as “alho-do-mato”, "batata roxa, (Tessele et al. 2011).

and “cebolinha-do-campo” (Tessele et al. 2011).
This plant has been used in traditional medicine to

Plants provide a source of medicines for the treatment of
a wide spectrum of diseases, including several kinds of
cancer. They have a long history of use in the treatment
of cancer, serving as a source of therapeutic agents for
many centuries, many of which are still in use (Cragg
and Newman 2013; Cragg et al. 2014).

Cipura paludosa Aubl. (Iridaceae), a native Brazilian
plant found in the Amazon forest in the north of Brazil,

In a screening with several Brazilian plants, as part of
) ) i ] a project conducted by Network Ribecancer 212RT 0464
treat several disorders, such as inflammation, infections, (CYTED/CNPq), it was verified that the extracts of C.
renal tract disorders, and pain (Lucena et al. 2013). paludosa bulbs exhibited promising cytotoxic profile.
Studies indicate a number of biological activities of Thus, this study evaluates the antiproliferative activity of
C. paludosa, including anti-inflammatory, anti-nociceptive, {1, crude methanol extract and three naphthoquinone
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derivatives (eleutherine, isoeleutherine, and eleutherol)
isolated from C. paludosa bulbs.

Materials and methods

Plant material

Cipura paludosa was cultivated and collected in the town
of Itajai (SC, Brazil), in May 2013 and identified by Dr.
Oscar B. Iza (University of Itajai Valley). A voucher
specimen was deposited at the Barbosa Rodrigues
Herbarium (Itajai-SC) under number VC Filho 108.

Extraction and isolation

Bulbs and roots of C. paludosa were macerated with
methanol at room temperature for a period of 1 week.
After filtration, the solvent was removed by evaporation
under reduced pressure, affording the crude methanol
extract CME. A screening test was conducted with these
extracts to evaluate the possible antiproliferative activity.
Since the bulbs exhibited the best promising biological
activity, these were studied in more detail.

Fresh bulbs (1kg) of C. paludosa were cut into small
pieces and macerated with methanol at room tempera-
ture for approximately 7 d, providing the crude metha-
nol extract (CME) after solvent evaporation (28 g; a yield
of 2.8%).

A part of CME (13 g) was fractionated over silica gel
(60 g) on column chromatography, eluting with a 200 mL
gradient of hexane and hexane:ethyl acetate (pure
hexane, 90:10, 80:20, 70:30, 50:50, and pure ethyl
acetate). Fractions of 10 mL were collected and evaluated
by thin layer chromatography (TLC) profiles, using
hexane:ethyl acetate (80:20) as the mobile phase. Spots
were visualised by UV (254nm) and reaction with
sulphuric anisaldehyde heated at 100 °C. Fractions 16-27
(635mg), which exhibited the same chromatography
profile by TLC, were purified by another column
chromatography, furnishing 23 mg of pure eleutherine
(1) and 25mg of iso-eleutherine (2), already isolated
from the bulbs of C. paludosa (Tessele et al. 2011).
Fractions 11-20 (83mg) from the second column
exhibited the same chromatography profile by TLC
and were purified by flash chromatography, furnishing
14mg of eleutherol (3), which was identified by
spectroscopic data (NMR "H and >C) and comparison
with of the literature (Hara et al. 1997).

Nuclear magnetic resonance

For structural elucidation of the isolated compounds,
usual spectroscopic data were used, as Hydrogen Nuclear

ANTIPROLIFERATIVE EFFECT OF CIPURA PALUDOSA 1023

Magnetic Resonance (*H-NMR) and carbon 13 (**C
-NMR). Both techniques were performed on BRUKER
AV-300 and 300 MHz spectrometer (Bruker BioSpin
Corporation, Billerica, MA), with tetramethylsilane
(TMS) as an internal standard.

In vitro anticancer activity assay

Human tumour cell lines of U-251 (glioma), MCF-7
(breast), NCI/ADR-RES (ovary expressing multi-drug
resistance phenotype), 786-0 (kidney), NCI-H460 (lung,
non-small cells), HT-29 (colon), and K562 (leukemia)
were kindly provided by the NCI, USA. Non-tumour cell
line HaCat (human keratinocytes) was donated by Prof.
Dr. Ricardo Della Coletta, FOP/UNICAMP. Stock cul-
tures were grown in medium containing 5mL RPMI
1640 (GIBCO BRL) supplemented with 5% fetal bovine
serum. Penicillin:streptomycin (1000 lg/L: 1000 U/L,
1 mL/L) was added to the experimental cultures. Cells in
96-well plates (100 uL cells well™') were exposed to
sample concentrations in DMSO/RPMI (0.25, 2.5, 25,
and 250 pg mL ") at 37°C, 5% CO, in air for 48 h. The
final DMSO concentration did not affect cell viability.
Afterwards, cells were fixed with 50% trichloroacetic acid
and cell growth was determined by spectrophotometry
(540 nm) of cellular protein content using the sulforho-
damine B assay (Monks et al. 1991). Doxorubicin
chloridrate (0.1 mg/mg; Europharma) was used as a
positive control. The concentration-response curve for
each cell line and the total growth inhibition (TGI)
values were determined through non-linear regression
analysis, using the software ORIGIN 8.0 (OriginLab
Corporation) (Shoemaker 2006).

Results

Although several experimental studies have confirmed
the biological activities of C. paludosa, no reports were
found for the antiproliferative activity.

The bulbs were the more active tested extract,
demonstrating an interesting profile for all the human
cancer cell lines tested, with selectivity for lung cancer
cells. This extract showed Gls, (50% growth inhibition)
values of between 1.6 and 30.8 ug/mL (Table 1). The
roots also demonstrated some antiproliferative action,
but not as much as for the bulbs, and for this reason, the
studies were focused on the bulbs.

After this initial analysis, a new collection of the
bulbs of the plant was carried out for more detailed
studies. Thus, a bio-guided phytochemical study was
performed seeking to determine the active principles.
Three pyranonaphthoquinone derivatives (Figure 1)
were isolated and identified, eleutherine (1) and
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Table 1. Antiproliferative activity of doxorubicin (positive control) and the crude methanolic extract of bulbs and roots from C.

paludosa against human cancer cell lines®. Gls, (ug/mL)®.

U251 MCF-7 786-0 NCI-H460
Doxorrubicin 0.025 <0.025 <0.025 <0.025
C. paludosa bulbs 30.8 271 25.7 1.6
C. paludosa roots 28.7 25.9 375 409

®Human tumour cell lines: U251 (glioma); MCF-7 (breast); 786-0 (kidney); NCI-H460 (lung). Assessed by the SRB assay. AC, acetone fraction; ME, methanolic

fraction.

bGls, values represent the concentration required to inhibit 50% of cell growth. Values were determined through nonlinear regression analysis using the ORIGIN

8.0 (OriginLab Corporation). Dose range tested: 0.25-250 pg/mL.
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Figure 1. Molecular structure of eleutherine (1), isoeleutherine (2), and eleutherol (3).

Table 2. Antiproliferative activity of doxorubicin (positive control), and the two main compounds from the bulbs of C. paludosa
(eleutherine and isoeleutherine), against human cancer cell lines®. TGl (ug/mL)®.

U251 MCF-7 NCI-ADR 786-0 NCI-H460 HT29 K562 HaCat
Doxorrubicin 0.51 3.7 17 0.36 0.57 104 >25 0.26
Eleutherine 2.8 4.8 20.4 129.9 93.4 29.0 >250 20.0
Isoeleutherine 134 6.6 46.0 67.2 794 78.8 >250 45.1

®Human tumour cell lines: U251 (glioma); MCF-7 (breast); NCI-ADR/RES (ovary); 786-0 (kidney); NCI-H460 (lung); HT29 (colon); K562 (leukemia). Non-tumour cell

line: HaCat (keratinocyte). Assessed by the SRB assay.

BTGl values represent the necessary concentration (ug/mL) for total inhibition of cancer cells proliferation. Values were determined through nonlinear
regression analysis using the ORIGIN 8.0® (OriginLab Corporation). Dose range tested: 0.25-250 pug/mL.

isoeleutherine (2), already isolated from the bulbs of
this plant (Tessele et al. 2011), and others of the genus
Eleutherine (Hong et al. 2008) and eleutherol (3), which
was isolated from Eleutherine americana Aubl.
(Iridaceae) bulbs (Hara et al. 1997), but reported here
for the first time in C. paludosa.

Eleutherine and isoeleutherine demonstrated pro-
nounced antiproliferative activity with cytocidal effect,
especially against glioma (U251) and breast (MCF-7)
cancer cell lines, with TGI values of between 2.6 and
13.8 pg/mL (Table 2). According to Fouche et al. (2008),
TGI values of between 6.25 and 15pg/mL represent
moderate activity, and values of less than 6.25ug/mL
indicate potent activity, demonstrating the pronounced
activity of these two compounds

In general, eleutherine (1) was more active than
isoeleutherine (2), especially against glioma (U251),
being about four-fold more potent. These compounds
are epimeric isomers and possess a naphtoquinone 1,4-
moiety with only one structural difference, the methyl
group B-methyl for 1 and o-methyl for 2. The results

indicate that the better activity of 1 is related to the
chirality at its pyran ring with the f-methyl group.

Eleutherol demonstrated cytostatic effect against all
cancer cell lines testes, especially against glioma (U251),
breast (MCF-7), and leukaemia (K562), inhibiting 50%
of cell growth (values of Glsg) (Table 3).

Discussion

The use of tumour cell lines allows investigators to test
compounds under highly controlled and reproducible
conditions. The availability of well-characterised cell lines
enables parallel screening assays in which the effect of a
drug candidate on proliferation of multiple tumour cell
lines can be determined (HogenEsch and Nikitin 2012).
The National Cancer Institute (NCI) has identified the
quinone group as an important pharmacologic element
for cytotoxic activity, and naphthoquinones represent an
important class of compounds with highlighted biological
activities (Duchowicz et al. 2014). 1,4-Naphthoquinones
are reported to have a variety of pharmacological
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Table 3. Antiproliferative activity of doxorubicin (positive control) and eleutherol against human cancer cell lines®. Gls, (ug/mL)®.

U251 MCF-7 NCI-ADR 786-0 NCI-H460 HT29 K562 HaCat
Doxorrubicin <0.025 0.069 0.10 0.038 <0.025 4.2 0.045 0.059
Eleutherol 3.1 3.0 233 26.8 255 65.5 6.3 18.7

*Human tumour cell lines: U251 (glioma); MCF-7 (breast); NCI-ADR/RES (ovary); 786-0 (kidney); NCI-H460 (lung); HT29 (colon); K562 (leukemia). Non-tumour cell
line: HaCat (keratinocyte). Assessed by the SRB assay.

bGls values represent the concentration required to inhibit 50% of cell growth. Values were determined through nonlinear regression analysis using the
ORIGIN 8.0® (OriginLab Corporation). Dose range tested: 0.25-250 pg/mL.

properties, including anticancer activity (Kayashima et al.
2009; Kusuma et al. 2010; Bhasin et al. 2013).

The pyranonaphthoquinones 1 and 2 isolated from
the bulbs of C. paludosa demonstrated previously anti-
inflammatory and anti-hypernociceptive action against
chemical and mechanical models of pain in mice (Tessele
et al. 2011). It was also demonstrated that these two
enhance short- and long-term memory in mice (Lucena
et al. 2013) and have antifungal and immunomodulatory
activities (Alves et al. 2003; Hong et al. 2008).

Eleutherine (1), the main isolated compound, also
showed interesting inhibitory activity against human
topoisomerase II, and compounds with this action can be
considered as part of first-line chemotherapy for a wide
variety of solid and hematological tumours (Hara et al.
1997; Kusuma et al. 2010). Eleutherol (3) has been
isolated from the bulbs of Eleutherine bulbosa (Alves
et al. 2003; Gallo et al. 2010). Some populations use this
plant as a vermifuge (Schultes and Raffauf 1990), for
intestinal disorders (Lin et al. 2002) and as an abortive
and antifertility agent (Weniger et al. 1982). It is also the
first time that this compound has been isolated from the
bulbs of C. paludosa and, to the best of our knowledge,
the first time its antiproliferative activity is reported.

This is the first report indicating C. paludosa with
antiproliferative potential, showing that this species
could be considered a potential source of compounds
against cancer. Moreover, the naphthoquinone deriva-
tives, eleutherine (1), isoeleutherine (2), and eleutherol
(3) isolated from the bulbs of this plant, are the main
active principles responsible for this antiproliferative
activity. Studies are in progress to confirm these effects
in other pharmacological and in vivo models.
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