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Abstract

v

A pharmacological screening of the ethanol ex-
tract and fractions of Blepharodon nitidum led to
the isolation of fourteen compounds, two of
which, 24-hydroperoxycycloart-25-en-34-ol and
25-hydroperoxycycloart-23-en-3p-ol, exhibited
in vitro anti-Mycobacterium tuberculosis and an-

tileishmanial activities, as well as significant cy-
totoxic activity against a panel of human tumor
cell lines.

Supporting information available online at
http://www.thieme-connect.de/ejournals/toc/
plantamedica

Introduction

v

In our continuous search for bioactive natural
products derived from the Peruvian rainforest
[1], [2], [3], we investigated the ethanol extract
of Blepharodon nitidum (Vell.) J.F. Macbr. (Ascle-
piadaceae). Although the genus Blepharodon con-
tains over seventy species; to the best of our
knowledge, there have been no previous pharma-
cological or phytochemical reports on this genus.
B. nitidum is a plant not used in Peruvian tradi-
tional medicine but in vitro screening of its etha-
nol extract yielded substantial cytotoxic activity.
Bioactivity-guided fractionation using silica gel
and C18 column chromatography, and C18 HPLC
led to the isolation and identification of fourteen
compounds, 1-14 (© Fig. 1). The cytotoxic activ-
ity against a panel of seven cancer cell lines and
two non-tumorogenic cell lines (see © Table 1)
indicated that hydroperoxycycloartanes 11 and
12 are the major anti-cancer principles in B.
nitidum. Hydroperoxycycloartanes were previ-
ously reported to have antibacterial [4] and cyto-
toxic [5] activity. Because of our increasing inter-
est in the so-called neglected diseases (tubercu-
losis, malaria, leishmania, and Chagas) that affect
large segments of the population in the Third
World, we began a screening program in parallel
to our anticancer work. Herein we report that
compounds 11 and 12 also exhibited significant
activities against the axenic amastigotes of
Leishmania amazonensis, and compound 12

showed moderate activity against a multidrug-
resistant strain of Mycobacterium tuberculosis
(see © Table 2).

Materials and Methods

v

Plant material

B. nitidum whole plant was collected in the com-
munity of Aramango, province of Bagua, Amazo-
nas Region, Peru, in October 1998. The plant ma-
terial was identified by one of us (W. H. L.). A
voucher specimen under the accession number
19499 was deposited at the Museo de Historia
Natural, Universidad Nacional Mayor de San Mar-
cos, Lima, Peru, and at the Missouri Botanical
Garden, St. Louis, MO, USA.

Chemicals and equipment

Column chromatography was carried out using
silica gel (230-400 mesh, Silicycle) and octadec-
yl-functionalized silica gel (C18, 200-400 mesh,
Sigma Aldrich). Reversed-phase HPLC was per-
formed with a Waters 600E equipped with rheo-
dyne injector and a PDA detector, using an ana-
lytical column C;g Symmetry (Waters, p.s.5 um,
4.6x250mm, flow rate 0.9 mL/min; Waters),
and a preparative column C;3 Symmetry (Waters,
p.s.7um, 19x300mm, flow rate 9.0 mL/min;
Waters). The positive control fludarabine phos-
phate was purchased from Schering S.p.A while
isoniazid and amphotericin B were from Sigma
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2: R'=H, R2=R3= CHjg, R* = C4,H,30
3: R'=R2?=CHg, R®=H, R*= Cq5H,30 11:R =
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6: R'=R?=CHj, R®=H, R*= C,H30
10: R"=R2=CH3, R®=H,R*=H
3 12: R =

Aldrich. Fractions were monitored using TLC on silica gel 60 Fys,4
(Merck). TLC spots were visualized under UV light and after sub-
mersion in 5% sulphuric acid or in 4% phosphomolybdic acid
and heating at 120 °C for 2 min. The structures of the isolated
compounds were identified by '"H-NMR (500 MHz), *C-NMR
(125MHz), and 2D-NMR analysis in CDCl; (1-13) or CD,0OD
(14) in a Varian Inova 500 (Varian); by GC-EI/MS analysis in a
Varian Saturn 2000 (Varian), by MALDI-TOF analysis in a Per-
spective Biosystems (Perspective Biosystems) using 4-hydroxy-
o-cyanocinnamic acid (Aldrich) in EtOH as matrix [4] and by
comparison with spectroscopic data with those reported in the
literature [3], [4], [5], [6], [7], [8], [9], [10], [11], [12]. The purity
of the tested compounds was 80.13% (11) and 91.52 % (12) as de-
termined by analytical HPLC with PDA detection. Copies of the
original spectra are obtainable from the author of correspond-
ence.

Extraction and isolation

Air-dried and grounded plant material (50 g) was extracted by
percolation with ethanol 95% at room temperature (2x1 L, after
3 and 4 days). The ethanolic solution was concentrated to dry-
ness under reduced pressure to yield 5.3 g of extract. An aliquot
(4 g) was subjected to column chromatography using 30 g of sili-

Aponte JCet al. Anti-Infective and Cytotoxic... Planta Med 2008; 74: 1-4
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., Fig.1 Chemical structures of metabolites 1-14
from Blepharodon nitidum.

ca gel (40-63 um; 5%x4cm; Silicycle) and a CHCl;-MeOH step
gradient (1:0,95:5,9:1,8:2,7:3,6:4,0:1; 240 mL each), ob-
taining 42 fractions (40 mL each), which were analyzed by TLC
(CHCl3:MeOH 1:0,20:1,9:1, 4:1) and grouped into 5 subfrac-
tions: A (684mg), B (85mg), C (1.2g), D (823 mg) and E
(807 mg). The only cytotoxic fraction (A, Glsg > 62 ug/mL) was
subjected to chromatography on 60 gof silica gel (40-63 um;
3x21.6 cm; Silicycle) using a hexane-CHCl; step gradient (1:0,
60:1,40:1,20:1,10:1,9:1,6:1,5:1,3:1,2:1,1:1,1:2,1:10,
1:50, 0:1; 150 mL each), obtaining 223 subfractions (10 mL
each) which were analyzed by TLC (hexanes:CHCl; 4:1,2:1 and
CHCl;:MeOH 9: 1) and grouped into nine subfractions (A1-A9).
Reverse-phase HPLC of fraction A1 (70 mg) using MeOH/2-prop-
anol (3:1, A=204nm) yielded squalene (1) [7] (1.9mg,
R;=31min). Fraction A3 (30mg) was eluted using MeOH/2-
propanol (45:55, =204 nm) yielding -amyrin laurate (2) 8]
(1.2mg, R,=67min) and o-amyrin laurate (3) [8] (5.4 mg,
R;=74 min). An aliquot (70 mg) of fraction A5 was eluted using
MeOH/2-propanol (92:8, A=209nm) yielding lupeol acetate
(4) [9] (13 mg, R;=32min), B-amyrin acetate (5) [10] (6.8 mg,
R;=39 min) and o-amyrin acetate (6) [10] (24.5 mg, R, =43 min).
An aliquot (137 mg) of fraction A7 was eluted using MeOH
(2=204 nm) yielding lupeol (7) [9] (35 mg, R,=39 min), cycloar-
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Table1 Cytotoxic activity of compounds 11 and 12 from Blepharodon nitidum (Gls, values ug/mL)?
Compound 313 H460 DU145 MCF-7 M-14 HT-29 PC3 K562 VERO
11 >62.5 34.9 >62.5 >62.5 33.6 >62.5 >62.5 34.4 53.4
12 37.9 30.9 36.1 >62.5 26.9 29.9 >62.5 29.9 >62.5
Fludarabine 0.00017 >0.006 0.00026 >0.0058 0.00033 >0.0058 0.0041 0.00029 0.00005
phosphate

2 The maximum concentration investigated was 62.5 ug/mL.

373, BALB/3T3 clone A31 embryonic mouse fibroblast cells; H460, human large cell lung cancer; DU145, human prostate carcinoma; MCF-7, human breast
adenocarcinoma; M-14, human melanoma; HT-29, human colon adenocarcinoma; PC3, human prostate adenocarcinoma; K562, human chronic myelogenous

leukemia cells; VERO, normal African green monkey kidney epithelial cells.

Compound Mycobacterium tuberculosis Leishmania amazonensis Table2 Antimycobacterial
(MIC ug/mL) and antiprotozoal

Hs3;Rv MDR Amastigotes Macrophages (ICso ug/mL) activity of com-

11 >25 25 2.4 3.6 pounds 11 and 12

12 >25 12.5 2.3 ND¢

INH? 0.125 4 = -

ANFP - - 0.1 5.4

2 |soniazid.

b Amphotericin B.
¢Not determined.

tenol (8) [11] (24 mg, R, =51 min), 24-methylenecycloartanol (9)
[12] (9.5mg, R,=55min), and c-amyrin (10) [10] (8.6 mg,
R,=60min). Fraction A9 (40 mg) was first eluted with MeOH
(=212 nm) to remove green pigments yielding 4 subfractions,
the least polar of which (25 mg, R,=12 min) was further eluted
with H,0/MeOH/2-propanol (12:73:15, A=204nm) yielding
24-hydroperoxycycloart-25-en-3-ol (11) [13] (54 mg, R.=
39min) and 25-hydroperoxycycloart-23-en-3-ol (12) [13]
(10.7 mg, R, =43 min).

Fraction B was subjected to reverse HPLC using MeOH
(A=204nm) as mobile phase yielding B-sitosterol (13) [14]
(2 mg, R;=40min). Fraction C was subjected to reverse phase
column chromatography using 40gof C18 (40-63um;
13.5x1.5cm; Sigma Aldrich) using H,0-MeOH step gradient
(6:4, 5:5, 4:6, 3:7,2:8,1:9, 0:1; 200mL each) as mobile
phase. The initial 15 fractions (100 mL each) were combined
into 8 subfractions; an aliquot of the most polar (70 mg) was
subjected to reverse HPLC using H,0/MeOH (55:45, A=254,
394 nm) as mobile phase yielding quercitrin (14) [15] (32 mg,
R, =25 min).

Cell growth inhibition assay

The percent inhibition of cell growth relative to control of the
fractions or pure compounds was evaluated colorimetrically us-
ing a sulforhodamine B dye by comparison with the control after
incubation in 96-well plates according to a published procedure
[16].

Other bioassays

Antimycobacterial experiments were conducted on sensitive
H3;Rv ATCC 27294 (American Type Culture Collection) and mul-
tidrug-resistant (clinical isolate, strain 02TBDMO39EP097)
Mycobacterium tuberculosis strains [2], [17], while antileishma-
nial activities were evaluated on axenic amastigotes of
Leishmania amazonensis (strain MHOM/BR/76/LTB-012) and per-
itoneal macrophages using previously reported methodologies
[18], [19].

Supporting information

13C-NMR data for compounds 1-14 and 'H- and *C-NMR spec-
tra of compounds 11 and 12 are available as Supporting Informa-
tion.

Results and Discussion

v

Compounds 1-14 were first reported for the Blepharodon genus.
The anti-cancer, antituberculosis and leishmanicidal activity of
hydroperoxycycloartanes 11 and 12 against a panel of seven can-
cer cell lines and two non-tumorogenic cell lines, sensitive H;;Rv
and multidrug resistant (MDR) M. tuberculosis, and axenic amas-
tigotes of L. amazonensis are shown in © Table 1 and © Table 2.
Compounds 11 and 12, which may be biosynthesized by photo-
oxygenation from the naturally abundant cycloartenol (8), have
been rarely isolated from plants. Compound 12 exhibited mod-
erate but comparatively higher cytotoxicity than 11, which has
been described as an apoptosis inducer and as a P-gp inhibitor
in cancer cells [20]. Both compounds showed selectivity against
human cancer cell lines, H460 (large cell lung), M-14 (melano-
ma) and K562 (chronic myelogenous leukemia cells). Com-
pounds 11 and 12 did not possess significant activity against a
sensitive Hy;Rv M. tuberculosis strain at 25 ug/mL, Interestingly,
12 showed moderate activity (12.5 ug/mL) against the MDR M.
tuberculosis strain. These two tested compounds showed high
leishmanicidal activity (2.4 and 2.3 ug/mL respectively). The
anti-infective and cytotoxic activities of these hydroperoxycy-
cloartanes might be due to the hydroperoxy group.These two
compounds may be regarded as reactive oxygen species (ROS)
lipid hydroperoxides (considering the lipophilic saturated cyclo-
artane group) or as producers of ROS, such as superoxide anion,
hydroxyl radical and alkoxy radical. Either way, they can poten-
tially damage the microorganisms causing oxidative stress by
lipid peroxidation, protein oxidation, or nucleic acid damage.
We are contemplating pursuing structure modifications on
these and other bioactive isolates.
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