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ABSTRACT

As part of our program of bioprospecting for novel
antitumor drug prototypes, twenty extracts and fractions
obtained from Pterogyne nitens Tul. (Fabaceae,
Caesalpinioideae) were screened for antiproliferative
activity against B16F10 murine melanoma cells, by the
MTT colorimetric assay. The strongest activity was found
in EtOAc fractions from the flowers (IC,, = 0.35 ug/mL),
fruits (IC_, = 0.34 pg/mL), leaves (IC,, = 0.33 ug/mL)
and stems (IC, = 0.29 pug/mL). Analysis by TLC and
HPL C-DAD showed the presence of guanidine alkaloids,
flavones and flavonols in the bioactive samples.
Additionally, a phytochemical study of the EtOAc
fraction of the stems afforded quercetin (1) and
isoquercitrin (2), two flavonols with antiproliferative
activity previously described in the literature. On the
basis of these results, it can be concluded that P. nitens
inhibits the growth of melanoma cells in vitro. Further
investigations will be needed to assess the usefulness of
the samples under study for the treatment of neoplasms
and to characterize other bioactive compounds.
Keywords: antiproliferative; Pterogyne nitens, Caesal pinioideag;
melanoma; flavonoids; Fabacese.

INTRODUCTION

Cancer is an important public health problem that,
according to the WHO, claimsthe lives of more than seven
million people worldwide every year (Almeidaet al., 2005).
In particular, melanomais the most aggressive form of skin
cancer and advanced stages are inevitably resistant to
conventional therapy. In particular, the inability of
chemotherapy and other external stimuli to induce apoptosis
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in melanoma cells leads to a sel ective advantage for tumor
progression and metastasis formation, as well as resistance
to therapy (La Porta, 2007).

Although a number of antineoplastic drugs are
already available, their useislimited by a number of factors,
such as low potency, poor solubility in water, emergence of
resistant cancer and drug toxicity. There is thus a distinct
need for new, safer and more effective anti-cancer agents
(Srivastava et al., 2005). It is notable that natural products
with diverse biological activities have contributed to the
development of nearly 75% of the antineoplastic drugs in
the modern pharmacopoeia. Several plant-derived
compounds, for example, Vinca's alkal oids, podophyllotoxin,
camptothecins and taxanes, provided important "leads" for
chemotherapeutic treatment of many forms of cancer,
including melanoma (Newman & Cragg, 2007).

As part of our ongoing research on bioactive
metabolitesin plants of the Cerrado and Atlantic Rain Forest

Pterogyne nitens (Fabaceae, Caesal pinioideae) was chosen
for detailed biological and phytochemical investigations and
to our knowledge there are no previous reports of its
antiproliferative effect on melanoma cells. This beautiful
leguminous tree, a member of the same botanical tribe as
brazil-wood, is popularly known in South America astipa,
yvi-rar6, cocal, amendoinzeiro, bal samo, etc., according to
the region where it grows. It is the sole member of the genus
Pterogyne, which is distributed mainly in Brazil, Bolivia,
Paraguay and Argentina, and can reach a height of 5-12 m.
(Burkart, 1952; Lorenzi, 1998). In traditional medicine, a
cold agueous preparation of P. nitens stem bark has been
used to treat infection with ascarid worms (Crivos et al.,
2007). In research reported previously, bioactivity-guided
fractionation of a methanol-chloroform extract of the leaves
revealed five guanidine alkaloids that exhibited selective
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toxicity to the DNA repair-deficient yeast (Saccharomyces
cerevisiae) strain RS321 over the repair-proficient wild-type
strain RAD+, suggesting a potential anti-cancer activity
(Bolzani et al., 1995).

Thus, the aim of the current study isto screen the
extracts and fractions of flowers, fruits, leaves, stems and
non-alkaloid compounds from P. nitens for an
antiproliferative effect on B16F10 murine melanomacells.

MATERIALSAND METHODS
Plant material

Leaves, stems, flowers and fruits of Pterogyne
nitens Tul. (family Fabaceae, subfamily Caesalpinioideae)
were collected in the Botanic Institute of Sdo Paulo (S8o
Paulo State, Brazil) in May 2003. A voucher specimen (SP
204319) was deposited at the State Herbarium "Maria E. P.
Kaufmann" of the Botanic Ingtitute (S&o Paulo State, Brazil).

Extraction

Shade-dried, powdered plant material was first
defatted with hexane and exhaustively extracted by steeping
in ethanol. After filtering, the solvent was evaporated cold
under reduced pressure to yield a thick syrup, which was
dispersed in methanol-water (4:1) and then successively
partitioned with ethyl acetate and n-butanol. Samples of the
hexane and ethanol (EtOH) extracts and the ethyl acetate
(EtOAc), n-butanol (BuOH) and Ilyophilized
hydromethanolic fractions were tested for antiproliferative
activity. The extracts and fractions were analyzed by TLC
and HPLC-DAD, to screen them for classes of phytochemical
constituents.

Thin layer chromatography (TLC) analysis

Thin-layer plates of F254 silicagel (Merck®) were
used with the solvent system ethyl acetate: water : formic
acid : acetic acid (100:27:11:11) or chloroform: methanol
(3:1) as the mobile phase. The following sprays were used
to develop the spots: Sakaguchi reagent (for guanidine
compounds) (Weber, 1930), Dragendorff reagent, 10%
ethanolic KOH, anisaldehyde-sulphuric acid reagent (AS)
and 1% diphenylboric acid--ethylamino ester in methanol
(NP reagent). UV light at 254 and 366 nm was also used to
make the spots visible (Wagner & Bladt, 1996).

High-performance liquid chromatography with diode-
array detection (HPL C-DAD)

In order to characterize the constituents responsible
for the bioactivity of extracts and fractions, the latter were
analyzed by HPL C on a Supelcosil LC-18 column (250mm
x 4.6mmi.d.; 5um particle size) protected by a corresponding
guard column (20mm x 4.6mm i.d.; 5 um), coupled to a
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Varian Pro Star® system consisting of a ternary pump
(model 240), a photodiode array detector (model 330) and
an auto-sampler (model 410), controlled by a Star
Chromatography® workstation (version 5.3). In order to
ensure optimal peak resolution in the chromatograms, and
hence efficient separation of the analytesin areasonably
short time (25 min), the loaded sample was eluted in the
gradient mode with a mobile phase consisting of a mixture
of acetonitrile and 0.02 M phosphate buffer (pH 6.53) in
a proportion evolving from 10: 90 to 55: 45. The flow
rate was 1.20 mL/min. Therange of the photodiode array
detector was 225-400 nm and the sensitivity of the method
was maximized by using the wavelengths where the
analyte peaks in the chromatograms were most
pronounced, namely: 265 nm for guanidine alkaloids and
254 nm for phenolic compounds.

I solation and identification of flavonols 1 and 2

The EtOAc fraction of stems (2.0 g) was
subjected to preparative Gel Permeation
Chromatography (GPC) on a Sephadex LH-20
(Pharmacia®) column (185 x 6.0 cmi.d.) and eluted with
methanol. Fractions (30.0 mL) were collected and
checked by TLC on silicagel F254 plates eluted with a
mixture of chloroform: methanol: water (80: 18: 2).
Subfractions 20-27 (330 mg) were purified by repeated
column chromatography (CC) with silicagel (Merck®)
eluted with chloroform: methanol (3: 1), furnishing
quercetin (1; 33 mg) and isoquercitrin (2; 41 mg). The
molecular structures of these compounds were
characterized by comparison with literature data, mainly
1H and *C NMR & values (Agrawall, 1989; Harborne &
Williams, 1994). The NMR spectra were obtained in
DMSO-d, solution, using a Varian INOVA 500®
spectrometer (11.7 T), operating at 500 MHz for *H and
125 MHz for 3C. Chemical shifts are given as 6 values
(ppm) relative to tetramethylsilane (TMS) as internal
standard.

Quercetin (1): yellow solid. '"H NMR &,
(multiplicity; J in Hz; position): 12.5 (s; 5-OH), 7.66 (d;
2.0; H-2"), 7.52 (dd; 2.0 and 8.5; H-6"), 6.87 (d; 8.5; H-5,
6.39 (d; 2.0; H-8), 6.17 (d; 2.0; H-6). ®*C NMR & (position):
175.8 (C-4), 163.8 (C-7), 160.7 (C-5), 156.1 (C-9), 146.8
(C-2), 147.6 (C-4'), 145.0 (C-3), 135.7 (C-3), 119.9 (C-6"),
121.9 (C-19, 115.6 (C-2' and C-5), 103.0 (C-10), 98.1 (C-
6), 93.3 (C-8).

Isoquercitrin (2): yellow solid. '"H NMR &,
(multiplicity; Jin Hz; position): 13.2 (br s, 5-OH), 7.56 (dd;
2.0 and 8.5; H-6"), 7.55 (d; 2.5; H-2"), 6.83 (d; 8.5; H-5),
6.17 (d; 1.5; H-6), 6.37 (d; 1.5; H-8), 5.43 (d; 7.5; H-1"),
3.24 (m; H-2"), 3.01 (m; H-3" and H-4"), 3.34 (m; H-5"),
3.57 (br d; 11.0; H-6"). ®*C NMR §_ 177.4 (C-4), 165.0 (C-
7), 161.3 (C-5), 156.5 (C-9), 156.2 (C-2), 148.6 (C-4"), 144.9
(C-3),133.4(C-3), 121.7 (C-6), 121.2 (C-1), 116.2 (C-2),
115.3 (C-5'), 101.1 (C-1"), 99.0 (C-6), 93.7 (C-8), 77.5 (C-
5"), 76.6 (C-3"), 74.2 (C-2"), 70.0 (C-4"), 61.0 (C-6").
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Cdl line

The B16F10 murine melanoma cells originally derived
from the C57BL/6 mouse strain were purchased from the
American Type Culture Collection (Manassas, VA). The B16F10
cells were maintained in RPMI-1640 (Sigma Chemical Co., St
Louis, MO, USA) supplemented with 10% heat-inactivated fetal
calf serum (FCS), 100 U/mL of penicillin, 100 pg/mL
streptomycin and 2mM L-glutamine, in a humidified incubator
under 5% CO, at 37°C, and passaged at subconfluence.

MTT colorimetric assay

The B16F10 cells were harvested in exponential
phase and seeded in 96-well flat-bottomed tissue culture
microplates at a concentration of 5x10° cellsin 100 pL per
well. The cells were alowed to grow and stabilize for 24 h.
Subsequently, the cells were treated with serial concentrations
of extracts and fractions prepared in complete medium. Each
treatment was performed in eight well replicates. Treated cells
were washed with PBS and allowed to grow in complete
medium for 24 h. After incubation, the cell viability was
determined by MTT colorimetric assay. Briefly, 20 uL of MTT
(3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide) reagent (Sigma Chemical Co., St Louis, MO, USA)
was added to each well to make afinal concentration of 1000
ug/mL in the medium and incubated for 4 h at 37°C.
Microplates were then centrifuged at 2,000 rpm for 10 min.
Medium was aspirated from the wells and 100 L of DM SO
was added to each. Optical density was measured in an ELISA
plate reader (Molecular Devices, SpectraMax 190 with Soft
max Pro software) at 540 nm with a reference wavel ength of
690 nm. Cell viahility was plotted as a percentage of untreated
control. Vinblastine was used as a reference antineoplastic
drug (Mosmann, 1983; Wilson, 2000).

The results are expressed as means and represent
eight independent experiments. Inhibitory concentration 50
(IC,,) of each extract and fraction was determined from its
concentration effect curve as the concentration that decreased
the cell viahility to 50 %.

RESULTS

Two extracts (hexane and ethanol) and three fractions
(ethyl acetate, n-butanol, hydromethanolic) of the flowers,
fruits, leaves and stems were screened for inhibition of
melanoma cells and the results are summarized in Table 1.

The low-polarity extracts obtained by extraction
with hexane proved to be inactive, since the concentration at
which this extract showed activity was over 1000 pg/mL. In
general, EtOH extracts obtained from leaves and stems (IC,,
ca. 0.80 pg/mL) showed stronger activity than did those from
flowers and fruits (IC_ > 1.20 ug/mL). The ethyl acetate
(EtOAC), n-butanol (BuOH) and hydromethanolic fractions
obtained by liquid-liquid partition were found to be more active
than the EtOH extracts. The BUOH and hydromethanolic

Table 1 - Antiproliferative effect of Pterogyne nitens fractions
and extracts on melanoma cells.

Plant partor ~ Type of extract or ICso
compounds fraction (ng.mL™)
Flowers
hexane inactive
EtOH 1.68
EtOAC 0.35
BuOH 0.42
hydromethanolic 0.50
Fruits
hexane inactive
EtOH 1.30
EtOAC 0.34
BuOH 0.47
hydromethanolic 0.46
Leaves
hexane inactive
EtOH 0.87
EtOAC 0.33
BuOH 0.48
hydromethanolic 0.48
Sems
hexane inactive
EtOH 0.80
EtOAC 0.29
BuOH 0.42
hydromethanolic 0.44
guercetin (1) - 0.83
isoquercitrin (2) - 1.32

* Values expressed as mean n=8.

fractions (IC; ca. 0.40 pug/mL) were slightly less effective
than EtOAc fractions (IC, ca. 0.30 ug/mL), suggesting that
the potential antiproliferative compounds were in the medium-
polarity fractions. The EtOAc fraction of the stems exhibited
the best activity against melanomacells (IC,, = 0.29 pg/mL)
and most EtOAc fractions showed an activity considered good
(IC,, < 0.35 pg/mL).

The results of phytochemical analysisby TLC of the
extracts and fractions of P. nitens are shown in Table 2.
According to the TLC analysis, alkaloids were detected in the
EtOAc, BUOH and hydromethanolic fractions, which showed
an orange spot in the presence of Dragendorff reagent, as well
as apink spot when sprayed with Sakaguchi reagent (positive
for guanidine alkaloids). Alcoholic KOH (10%) can be used
to reveal anthrones (yellow), anthraquinones (red) or
coumarins (blue), depending on the color of the spot observed
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OH O

(1) quercetin

(2) isoquercitrin

Figure 1. Molecular structures of flavonolsisolated from the ethyl acetate fraction of Pterogyne nitens stems.

under UV 365 nm (Wagner & Bladt, 1996), and none of the
extracts or fractions showed detectable amounts of anthrones,
anthraguinones or coumarins. On the other hand, spots that did
not fluoresce under UV 254 or 365 nm could be seen on the
TLC plates and that may indicate the presence of terpenes,
steroids and their derivatives (saponins, cardiac glycosides, etc.)
in the extracts and fractions. Only the hexane extracts appeared
to have terpenes or terpenes derivatives. NP reagent
(diphenylboric acid-B-ethylamino ester) indicates the presence
of flavonoids if spots turn yellow, orange or green when
illuminated with UV light at 366 nm. Flavonoids were
detected in all samples except in the hexane extracts.

The fractions with the strongest antiproliferative
activity (IC,, < 0.50 pg/mL ) displayed similar HPLC-DAD
chromatographic profiles. The chromatograms showed UV
absorption peaks (A, 265 nm) characteristic of guanidine
akaloids and typical of the leaves of P. nitens (Bolzani et
al., 1995). In addition, two classes of flavonoids were
detected in these fractions (flavone and flavonal), as the UV
spectrum exhibited two bands of maximum absorption in
the ranges 240-285 nm (band |1, primarily due to ring A)
and 300-400 nm (band I, due to ring B). The UV spectrum
assigned to flavones and flavonols displays similar bands 1
and I, between 304-350 nm and 328 -358 nm, respectively
(Agrawall, 1989).

DISCUSSION

Higher plants are known to provide a wide range of
natural compounds of potential interest (Fabricant &
Farnsworth, 2001). Notwithstanding the breadth of
chemodiversity, a number of unusual guanidine akaloids have
been found to display several different types of biological
activity (Berlinck, 2002), including hypotensive (Botta et al.,
2003) and hypoglycemic (Bailey & Day, 2004) effects,
induction of nyctinastic movements in plants (Ueda et a.,
2000) and cytotoxicity (Mavar-Mangaet al., 2006).

In contrast, flavonoids are already widely recognized
as a major class of secondary metabolites with a broad
spectrum of pharmacological properties, due to their ability to
act in redox processes (Havsteen, 2002).

The preliminary TLC and HPLC-DAD analysis

suggested that flavonoids and/or guanidine alkal oids may be
responsible for the antiproliferative effect of the extracts and
fractions of P. nitens on melanoma cells. The phytochemical
fractionation of stems afforded two flavonoids (Figure 1),
identified as quercetin (1 = 3,5,7,3',4'-pentahydroxy-flavone)
and isoquercitrin (2 = quercetin 3-O-glucoside), which showed
IC,, values of 0.83 ug/mL and 1.32 pug/mL, respectively. These
flavonols, whose antiproliferative properties have been
extensively demonstrated in the literature, occur widely in
nature. Edwards and collaborators reported that a catechol-
containing flavonoid (5,7,3',4'-tetrahydroxy-3-0O-
glycosylflavone) possessed antineoplastic activity towards
Walker carcinoma 256 (Edwards et al, 1979). Quercetin has
growth inhibitory effects on several malignant tumor cell lines
invitro, such as Ehrlich ascites, L1210 and P-388 leukagmia,
NK/Ly ascites tumor, Hel a, gastric cancer (HGC-27, NUGC-
2, MKN-7 and MKN-28), colon cancer, human breast cancer,
human squamous, gliosarcoma, ovarian cancer and multi-drug-
resistant human breast cancer (Harborne & Williams, 1994).

It may be concluded from the results of this study
that P. nitens has potent antiproliferative activity and could be
an important source of potential antitumor agents, useful for
developing new antineoplastic drugs, including guanidine
alkaoids (Bolzani et a., 1995) and flavonols. In view of these
findings, further chemical and pharmacological investigations
to isolate and identify other secondary metabolites and to screen
their mechanisms of action are recommended.
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RESUMO

Efeito antiproliferativo de Pterogyne nitens sobre células
de melanoma

No escopo do nosso programa de biopr ospecgéo, o qual
obj etiva a descoberta de novos protétipos antitumor ais,
vinte extratos e fragdes obtidas de Pterogyne nitens Tul.
(Fabaceae-Caesalpinioideae) foram triados para ativi-
dade antiproliferativa sobre células de melanoma
B16F10, empregando o método colorimétricocom MTT.
Os efeitos mais intensos foram manifestados pelas fra-
gbes AcOEt dasflores (Cl,, = 0,35 pg/mL), frutos (Cl , =
0,34 ug/mL), folhas (Cl , = 0,33 ug/mL ) e caules (Cl, =
0,29 pug/mL). Asanalises por CCD e CLAE-DAD demons-
traram a presenca de alcaléides guanidinicos, flavonas e
flavondis nas amostras bioativas. Adicionalmente, 0 es-
tudo fitoquimico da fragcdo AcOEt dos caules forneceu
quercetina (1) e isoquercitrina (2), dois flavonéis com
atividade antiproliferativa descrita previamente na lite-
ratura. Baseado nos presentes resultados pode-se con-
cluir que P. nitens inibiu o crescimento das células de
melanomain vitro e futuras investigagdes ser 80 necessa-
riasparaavaliar a utilidade das amostras estudadas para
o tratamento de neoplasias e caracterizar outras subs-
tancias bioativas.

Palavras-chave: antiproliferativo; Pterogyne nitens;
Caesal pinioideae; melanoma; flavondides,; Fabaceae.
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