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Abstract

In vitro tumor growth inhibition by the ethanol extract of
Miconia fallax DC. (Melastomataceae) was evaluated in
culture media containing HeLa cells at the following con-
centrations: 5, 15, 25, 35, and 45 µg/mL. Bioassay-guided
fractionation of this extract furnished a mixture of urso-
lic and oleanolic acids. Both the ethanol extract and the
mixture of the triterpenoid acids produced dose-dependent
tumor growth inhibition. This antitumor activity was more
pronounced when a mixture of the triterpene acids at a con-
centration of 45 µg/mL was added to a HeLa cell culture
medium.

Keywords: Anticancer activity, Miconia, oleanolic acid,
ursolic acid.

Introduction

Miconia, a genus with approximately 1000 species (Martins
et al., 1996), belongs to the Melastomataceae family (Judd
& Skean, 1991; Renner et al., 1993). Previous studies on
Miconia species have demonstrated the presence of triter-
penes, coumarins, and benzoquinones in these plants (Chan
et al., 1992; Gunatilaka et al., 2001; Lowry, 1968; Macari
et al., 1990). In recent work undertaken in our laboratory,
several crude plant extracts from Miconia and their isolated
compounds were reported to exhibit remarkable biological
activities (Cunha et al., 2003; Resende et al., 2006; Spessoto
et al., 2003; Vasconcelos et al., 2006). Ursolic and oleanolic
acids are triterpenoid compounds that are widely distributed
in the plant kingdom, and they have been frequently iso-
lated as mutually isomeric mixtures from Miconia species
(Cunha et al. 2006; Vasconcelos et al., 2006).

Plant-derived compounds have been an important source
of several clinically useful anticancer agents (Cragg &

Accepted: August 30, 2007.
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Newman, 2005; Pezzuto, 1997). In a screening for antitu-
mor compounds obtained from plants, the antitumor activity
of Miconia fallax DC. has been investigated in this work
by using culture media containing HeLa cells, a cell line of
the human uterine cervix adenocarcinoma. This is the first
time that this species has been investigated for antitumor
activity. The bioassay-guided fractionation of ethanol ex-
tract of Miconia fallax led to the isolation of a mixture of
the triterpenes ursolic and oleanolic acids.

Materials and Methods

Plant material

M. fallax DC. (Melastomataceae) was collected in Septem-
ber 2004 between the cities of Franca and Claraval, along a
highway in the state of São Paulo, Brazil, and it was iden-
tified by Dr. Angela Borges Martins, Instituto de Biologia,
UNICAMP, Brazil. A voucher specimen has been deposited
in the herbarium of this same institute (UEC 65132).

Extraction and isolation

Dried and powdered aerial parts (0.5 kg) of M. fallax were
exhaustively extracted with ethanol. The solvent was re-
moved under vacuum in a rotatory evaporator to yield
22.0 g of the dry crude extract. Part of this extract (13.0
g) was chromatographed on silica gel 60 (300 g, 0.063–
0.200 mm; Merck, Danmstadt, Germany) by vacuum liquid
chromatography, using a mixture of hexane:ethyl acetate
and ethyl acetate:ethanol in increasing polarity as eluents.
This procedure furnished six fractions of 1000 mL each,
namely F1 (hexane:AcOEt 3:1), F2 (hexane:AcOEt 1:1),
F3 (AcOEt), F4 (AcOEt:EtOH 3:1), F5 (AcOEt:EtOH 1:1),
and F6 (EtOH). The active fractions 1 (1.22 g) and 2 (1.85
g) were combined. This combined fraction was purified by
column chromatography on silica gel 60 (0.063–0.200 mm,
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Figure 1. Chemical structures of ursolic acid and oleanolic acid.

Merck), affording a mixture (750 mg) containing ursolic
acid (65%) and oleanolic acid (35%) (Fig. 1). These triter-
pene acids were identified by comparison with authentic
samples (HPLC, 1H and 13C NMR).

In vitro bioassay test

Cells of the human uterine cervix adenocarcinoma cell line
(Pater & Pater, 1985), HeLa (ATCC-CCL-2), were cultured
in DMEM F-12 medium (Gibco) supplemented with 10%
fetal calf serum (Gibco) in a 75-cm2 cell culture flask until
confluence was reached. The cells were then treated with
trypsin-EDTA for detachment from the plate, centrifuged,
resuspended in the same complete medium, and subcul-
tured on 6-well plates (Nunc, Walthan, USA) containing a
22 × 22 mm glass coverslip (Corning, New York, USA),
with the same cell suspension volume being added to each
well. A stock solution of the samples (10 mg/mL) were
prepared. The following doses were added to the medium:
5, 15, 25, 35, and 45 µg/mL. Incubation with DMSO was
also performed as negative control. The cells were then cul-
tured for 24 h in a moist oven with 5% CO2 at 37◦C. After
this period, the drugs were replaced and cells were cultured
once again for 24 h. After a total culture period of 48 h,
the cells were fixed with 2% p-formaldehyde in phosphate

Figure 2. In vitro inhibition of tumor cell growth of the ethanol extract of Miconia fallax and a mixture of ursolic acid and oleanolic acid. The
results are shown as mean ± SD of number of HeLa cells, and a significant difference from the control group is shown as *p < 0.001 for both
ethanol extract and mixture of ursolic acid and oleanolic acid.

buffer (pH 7.3) for 10 min at 37◦C and washed with the
same buffer 3 times. The coverslips were mounted on glyc-
erol and sealed with commercial enamel. The tumor cells
were observed and documented using the Zeiss Axiophot
microscope (Carl Zeiss Inc., Jena, Germany). Cells were
then counted in 20 random fields on each slide with 40 ×
objective, and only adhered cells with adequate morphol-
ogy were computed. Data were statistically analyzed.

Statistical analysis

Data were statistically analyzed by one-way ANOVA fol-
lowed by Dunnett’s multiple comparison test, with the level
of significance set at p < 0.01 for both the ethanol extract
and the mixture of ursolic acid and oleanolic acid.

Results and Discussion

The search for new therapeutic drugs for the treatment of
cancer from natural products is based mainly on the cy-
totoxic properties of the natural samples (Goldin et al.,
1981). In this sense, both the ethanol extract of M. fallax
and a mixture of ursolic acid and oleanolic acid isolated
from this extract produced a dose-dependent tumor growth
inhibition (Fig. 2).
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We observed that the antitumor activity is more pro-
nounced when a mixture of the triterpene acids at a concen-
tration of 45 µg/mL is added to a HeLa cell culture medium.
Our results show that ursolic and oleanolic acids probably
are the active compounds in the crude ethanol extract of
M. fallax.

Moreover, ursolic acid and oleanolic acid are of interest
in the oncology field because of their cytotoxicity and an-
timutagenic, antiviral, and anti-invasive activities as well as
their ability to decrease undesirable radiation damage to the
hematopoietic tissue after radiotherapy (Hsu et al., 1997;
Kim et al., 1998; Li et al., 2002; Liu, 1995). Besides that, a
recent review mentions reports on the biological properties
of ursolic acid and shows its main antitumor effects and
chemopreventive properties in normal cells (Novotý et al.,
2001). It has also been observed that ursolic acid is capable
of inducing tumor cell apoptosis in experimental cancer cell
lines (Baek et al., 1997; Urechk, 2005). It has been reported
that treatment with ursolic acid results in concentration-
dependent decreased cell viability and genomic DNA frag-
mentation, a hallmark of apoptosis (Urech, 2005).

Substantial progress has been made in medicine by using
herbs or mixtures of compounds. Because these mixtures
can often produce desired biological effects or even poten-
tiate them, they have been widely employed in health care
and clinical treatments (Liu, 2005).

Our data reinforce the importance of ursolic acid and
oleanolic acid as a source of new chemotherapeutics, but
additional studies are necessary to understand the mecha-
nisms of their antitumor effects.
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