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CYTOTOXIC LABDANE DITERPENOIDS ISOLATED
FROM THE HEXANE FRACTION
OF THE Croton stipuliformis STEM BARK

DITERPENOIDES LABDANOS CITOTOXICOS AISLADOS DE LA FRACCION
HEXANICA DE LA CORTEZA DE Croton stipuliformis
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Fabio ARISTIZABAL?, Coralia OSORIO"
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ABSTRACT

The composition of the cytotoxic hexane fraction of the Croton stipuliformis bark was studied by means
of a gas chromatography coupled to a mass spectrometry; sesquiterpenes and sterols were characterized
as the main constituents. Along with these compounds, three labdane and seco-labdane diterpenoids,
8(17),12E,14-labdatrien-18-oic acid [3], 12E-3,4-seco-labda-4(18),8(17),12,14-tetraen-3-oic acid [2],
and its methyl ester [1] were isolated from this fraction through preparative HPLC, and their structures
were elucidated by HR-FABMS, 1D and 2D NMR analyses. Additionally, the cytotoxic activity of these
three compounds against human tumor cell lines HEp-2, HT-29, MKN-45, MCF-7, and Hela was
assessed. The three compounds showed a non-specific and moderate cytotoxicity against the above-
mentioned cell lines.

Keywords: Croton stipuliformis, Euphorbiaceae, labdane, MTT assay, cytotoxicity.

RESUMEN

La composicién de la fraccién hexdnica de la corteza de Croton stipuliformis se estudié por cromatografia
de gases acoplada a espectrometria de masas; se caracterizaron los sesquiterpenos y esteroles como los
principales constituyentes. Adicionalmente a estos compuestos, tres diterpenoides labdanos y seco-labdanos,
el 4cido 8(17),12E,14-labdatrien-18-oico [3], el dcido 12E-3,4-seco-labda-4(18),8(17),12,14-tetraen-3-
oico [2] y su ester metilico [1] se aislaron de esta fraccién por HPLC preparativa y sus estructuras se
elucidaron con base en los anilisis por HRFABMS, espectroscopia de RMN mono y bidimensional.
Adicionalmente, se determind la actividad citot6xica de estos tres compuestos frente a las lineas celulares
de tumores humanos HEp-2, HT-29, MKN-45, MCF-7 y HeLa. Todos los compuestos mostraron una
citotoxidad moderada y no especifica frente a las lineas celulares mencionadas anteriormente.

Palabras Clave: Crofon stipuliformis, Euphorbiaceae, labdano, ensayo MTT, citotoxidad.
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INTRODUCTION

Euphorbiaceae is a big family of about 8,000
species that usually grow in tropical regions. In
Colombia, this family is comprises 78 genera and
390 species, from which 80 species belong to the
Croton genus (1). Croton stipuliformis (Euphorbiaceae)
is a species native to Colombia and it grows under
mild climates between 500 and 1800 meters above
sea level in the Andes area at the west-central region
of Colombia. Itis a tree that reaches a height of 25-
30 m, and it is commonly known as “guacamayo,0
“candeleroCor “mopo.OUsually, it is confused with
C. cupreatus, a phenotypically close species (2). In
the previously mentioned region, this native plant
is recognized because its bark produces a yellow-
orange latex called “Sangre de drago,Owhich is
used for different pharmacological purposes, such
as ulcer treatment, pain, anaemia, and cancer (3).

The latex exuded by several Croton species has
shown cytotoxic activity against various human
tumor cell lines (3, 4). Several classes of diterpenoids
have been identified be responsible for this activity;
among which, labdanes, cembranoids, traquiloba-
nes, pimaranes, enf-kauranes, and clerodanes, are
the most remarkable.

As part of our current studies on the bioactive
compounds found in Colombian native plants (5-7),
the aim of this research was to perform a biogui-
ded fractionation of the hexane fraction from the
bark of Croton stipuliformis, in order to isolate and
characterize the compounds responsible for its
cytotoxic activity.

MATERIALS AND METHODS

General

"H- and "C NMR (400 and 100 MHz, respec-
tively) spectra were acquired on a Bruker Biospin®
400 spectrometer (Karlsruhe, Germany). NMR
spectra were recorded in CDCI,, and referenced to
a TMS signal. HRFAB-MS spectra were recorded
in a glycerol matrix in the positive ion mode with
a Micromass AutoSpec®-Q spectrometer (Man-
chester, UK). GC-MS and direct inlet-MS (EIMS,
70 eV) were carried out on a Shimadzu® GCMS
QP5050 instrument. The analytical HPLC was per-
formed on a Merck-Hitachi® system equipped with
a L-6200 A pump, a L-4500 diode array detector
and a D-6000 A unit (Darmstadt, Germany); while
for the preparative HPLC, a L-4250 UV-Vis detec-
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tor was used. Silica gel (0.063-0.200 mm, Merck)
was used for column chromatography, and the TLC
was performed on silica gel GF ., plates (0.10mm,
Merck®). Optical rotations were measured with a
Polartronic E, Schmidt & Haensch® polarimeter
(Berlin, Germany). The solvents were purchased
from Merck® (Darmstadt, Germany).

Plant material

The C. stipuliformis stem bark was collected at
Chinchini, Caldas, Colombia. A voucher specimen
(COL 512797) was identified by Dr. J. Murillo and
deposited at the Instituto de Ciencias Naturales,
Universidad Nacional de Colombia.

Plant material extraction

The dried C. stipuliformis stem bark (3.2 kg)
was extracted with methanol (1.5 L, two times)
at 60°C during 4 h period of time. The methanol
was evaporated in vacuo to obtain a crude extract
(207 g). A part of the methanolic extract (115 g) was
suspended in water (500 mL) and extracted with
dichloromethane (150 mL x 3); the two phases were
separated and after their concentration, organic
(CSO, 39.6 g) and aqueous (CSA, 52.9 g) fractions
were obtained. A portion of the organic fraction
(12.4 g) was extracted with hexane (60 mL x 3) to
obtain the CSH fraction (5.2 g).

Fractionation and purification of cytotoxic
compounds

The bioactive hexane fraction (695 mg) was
subjected to open silica gel column chromatography
(70 g), sequentially eluting it with 200 mL each of
hexane:AcOEt in ratios of 10:0, 7:3, 5:5, 3:7 and
0:10 to afford four pooled fractions as follows:
CSHa (15 mg), CSHb (150 mg), CSHc (182
mg), and CSHd (180 mg). The fractions were
pooled together based on their similar R, values
on thin layer chromatography (TLC), which
was developed with the mobile phase system of
hexane: AcOEt (1:1); then, they were sprayed using
an anisaldehyde:sulfuric acid solution (1%: 2%
v/v) in EtOH, followed by heating at 110°C. All
of the fractions were analyzed through GC-MS,
and CSHb and CSHc fractions were also analyzed
by HPLC-DAD on a Synergi™ 4u MAX-RP
80A column (4.0 wm, 250 mm x 4.60 mm i.d.,
Phenomenex®), using a methanol:acetonitrile
gradient as mobile phase.
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CSHb and CSHc fractions were further subjec-
ted to preparative HPLC using a Gemini™ 5u C18
column (5um, 250mm x 10mm i.d., Phenomenex®),
with methanol:acetonitrile (9:1) as mobile phase at
a flow rate of 5 mL/min. Thus, the CSHb fraction
only afforded compound 1 (105 mg), while the
CSHc fraction yielded compounds 1 (90 mg), 2 (28
mg), and 3 (24 mg).

12E-3,4-seco-labda-4(18),8(17),12,14-tetraen-3-
oic acid methyl ester (1) was obtained as a yellow
oil. [0], = +13.0° (CH,Cl,; ¢ 0.04). EIMS m/z
{rel. int.}: 316 [M"] {10}, 301 [M-CH,]" {7}, 285
[M-CH,O]" {5}, 273 [M-C,H,]* {45}, 259 {7},
247 {10}, 229 [273-CO,]" {40}, 219 {10}, 201
[229-CH,CH,]" {25}, 187 {20}, 173 {40}, 161 {50},
147 {35}, 145 {42}, 133 {48}, 119 {70}, 105 {60},
93 {55}, 91 {75}, 81 {80}, 79 {100}, 77 {52}, 67
{58}, 55 {90}, 53 {52}. HRFABMS found 317.2481
[M+H]*, C,;H,,0, requires 317.2474. '"H NMR
(400 MHz, CDCL,): 6 0.75 (3H, s, H,-20), 1.53-
1.61 (1H, m, H-6a), 1.72 (2H, overlapped, H-6b,
H-11a), 1.72 3H, s, H,-19), 1.74 (1H, overlapped,
H-1a), 1.76 (3H, s, H,-16), 1.77 (1H, overlapped,
F-1b), 1.88 (1H, br t, | = 6.2 Hz, F-9), 1.99 (1H,
dt, ] = 12.8, 4.8 Hz, H-7a), 2.19 (1H, overlapped,
H-2a), 2.24 (1H, dd, ] = 12.0, 3.2 Hz, H-5), 2.25
(1H, overlapped, H-11b), 2.34 (1H, ddd, ] = 12.8,
4.0, 2.4 Hz, H-7b), 2.44 (1H, ddd, J = 13.8, 11.6,
5.6 Hz, H-2b), 3.64 (3H, s, OCH,), 4.48 (1H, br
s, H-172), 4.68 (1H, br s, H-18a), 4.85 (1H, br s,
H-18b), 4.86 (1H, d,J = 1.8 Hz, H-17b), 4.88 (1H,
d, J = 10.8 Hz, H-15a), 5.04 (1H, d, J = 174 Hz,
H-15b), 5.34 (1H, t, J = 6.0 Hz, H-12), 6.31 (1H,
dd, J = 174, 10.7, H-14); ®*C NMR (100 MHz,
CDCL,): 6 12.1 (C-16), 17.6 (C-20), 23.6 (C-11),
23.7 (C-19), 28.1 (C-2), 30.2 (C-6), 32.7 (C-1),
37.7 (C-7), 41.4 (C-10), 49.3 (C-9), 51.0 (C-5), 51.8
(OCH,), 108.7 (C-17), 110.4 (C-15), 113.9 (C-18),
133.2 (C-12), 133.9 (C-13), 141.6 (C-14), 147.2 (C-
4), 147.5 (C-8), 174.4 (C-3).

12E-3,4-seco-labda-4(18),8(17),12,14 -tetraen-3-
oic acid (2) was obtained as a colorless oil. [a],”=
-55.6° (CH,Cl,; ¢ 0.06). EIMS m/z {rel. int.}: 302
[M*] {10}, 287 [M-CH,]* {8},273 [M-29]" {5}, 259
[M-C,H,]" {15}, 247 {3}, 245 {8}, 229 [M-COOH-
C,H,]" {30}, 219 {10}, 203 {20}, 201 {20}, 187 {20},
173 {23}, 161 {50}, 147 {40}, 133 {45}, 131 {22},
119 {70}, 107 {67}, 105 {70}, 93 {73}, 91 {75}, 81
{80}, 79 {100}, 77 {49}, 69 {39}, 67 {39}, 65 {25}, 55
{70}, 53 {48}. HRFABMS found 301.1233 [M-H]",
C,,H,,0, requires 301.1229. '"H NMR (400 MHz,
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CDClL,):60.75 (3H, s, H,-20), 1.58 (1H, m, H-6a),
1.71 (1H, overlapped, H6b), 1.72 (1H, overlapped,
H-11a), 1.72 (3H, s, H,-19), 1.74 (1H, overlapped,
H-1a), 1.75 (3H, br s, H,-16), 1.76 (1H, overlapped,
H-1b), 1.87 (1H, br t, ] = 6.8 Hz, H-9), 1.98 (1H,
dt, J = 12.8, 5.2 Hz, H-7a), 2.20-2.24 (1H, m,
H-11b), 2.21 (1H, dd, ] = 12.4, 3.6 Hz, H-5), 2.25
(1H, ddd, ] = 15.2, 12.4, 5.6 Hz, H-2a), 2.34 (1H,
ddd, J = 12.8, 4.0, 2.4 Hz, H-7b), 2.46 (1H, ddd, J
=15.2,12.0, 5.2 Hz, H-2b), 4.47 (1H, br s, H-17a),
4.68 (1H, br s, F-18a), 4.85 (1H, br s, H-18b), 4.86
(1H, d,J = 1.8 Hz, H-17b), 4.88 (1H, d,J = 10.4
Hz, H-153), 5.04 (1H, d, J = 17.6 Hz, H-15b),
5.33 (1H, t, ] = 6.4 Hz, H-12), 6.30 (1H, dd, ] =
17.2, 11.2, H-14); *C NMR (100 MHz, CDCL): 5
12.0 (C-16), 17.5 (C-20), 23.4 (C-11), 23.5 (C-19),
28.0 (C-2), 30.0 (C-6), 32.3 (C-1), 37.5 (C-7), 41.2
(C-10), 49.2 (C-9), 50.8 (C-5), 108.6 (C-17), 110.3
(C-15), 113.8 (C-18), 132.8 (C-12), 133.9 (C-13),
141.4 (C-14), 147.0 (C-8), 147-2 (C-4), 180.1 (C-3).

8(17),12E,14-labdatrien-18-oic acid (3) was ob-
tained as a white solid. [o],”= -15.4° (CH,CL,; c
0.03). EIMS m/z {rel. int.}: 302 [M*] {25}, 287 [M-
CH,]" {40}, 273 [M-29]" {10}, 257 [M-COOH]"
{10}, 246 {38}, 241 {22}, 231 {27}, 221 {8}, 201 {20},
185 {15}, 175 {70}, 161 {20}, 147 {48}, 135 {53}, 134
{45}, 121 {52}, 119 {70}, 107 {55}, 105 {54}, 93 {75},
91 {80}, 81 {90}, 79 {100}, 77 {40}, 67 {43}, 55 {52},
53 {45}. The HRFABMS gave 301.2149 [M-H]*
as result, which is compatible with the molecular
formula C,;H,,0,. 'H and "C-NMR data were
in agreement with those previously published by
Smith et al., 2007 (8).

GCMS analyses

HRGC-EIMS analyses were carried out on a
RTX-5 column (30 m x 0.25 mm i.d., 0.25 um
film thickness). The column oven was maintained
at 60°C for 4 min and then programmed to
increase the temperature from 60 to 300°C at
4°C/min. The final temperature was held for
15 min, and the injector temperature was maintained
at 300°C. Helium was used as carrier gas at
1.0 mL/min; injection volume was 1 uL in split
mode (1:10). MS data were recorded in a mass
range of 30 - 500 U, with an electron energy of 70
eV, and they were processed by a Class 5000 v 2.2
MS-Workstation® software. The CSHa fraction
was also analyzed on a DB-Wax column (30 m x
0.25 mm i.d., 0.25 pm film thickness). The injector
port temperature was maintained at 230°C and the
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split ratio was set to 1:10. The oven temperature
was initially fixed at 50°C for 4 min, then it was
increased at 4°C/min until reaching 200°C, and
then it was maintained at that level for 10 min.
Helium was the carrier gas used at 1.0 mL/min.
Kovats retention indices on the two previously
described different columns were calculated and
compared with the indices found in the literature
values (9). The constituents of the CSHaand CSHd
fractions were identified by matching their mass
spectra with those from known databases (10-12).

Biological evaluation

A bioassay of the cytotoxic activity against hu-
man tumor cell culture in vitro was performed by
means of the MTT (3-(4,5-dimethyl-2-thiazolyl)-
2,5-diphenyl-2H-tetrazolium bromide) colorime-
tric assay (13, 14). Cancer cell lines of human larynx
(HEp-2), colon (HT-29), gastric (MKN-45), breast
(MCEF-7) and cervical cells (HeLa) were obtai-
ned from the American Type Culture Collection
(ATCC®, Rockville, MD). The cells were cultured
in MEM (Minimum Essential Medium, SIGMA®)
supplemented with 5% fetal bovine serum (Vitacell,
ATCC, VA) and gentamycin (50 ug/mL).

For the experiments, the cells were plated in
100 uL of culture medium in 96-well; after 24 h, the
fractions and pure compounds (1 - 3) were added
to each well at different concentrations (50, 5, and
0.5 ug/mL in DMSO), and then they were in-
cubated for 48 h in a total of 200 uL of medium
volume. Each treatment was evaluated in triplicate.
At the end of the treatment, the medium in each
well was replaced with fresh medium (100 wL)
containing 0.25 mg/mL of MTT. Four hours later,
the formazan product of the MTT reduction was
dissolved in 100 uL of DMSO, and absorbance was
read at 570 nm on a BIORAD 550 spectrophoto-
meter. The percentages of cell survival related to
the growth control wells (wells containing only
cells and medium) were calculated, and the LC,
(concentration that reduces the exposed sample
survival rate to 50%) was determined. Doxorubi-
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cin hydrochloride was used as a positive control
substance; for this purpose, four serial dilutions
were prepared at a maximum concentration of 10
um (5.8 pg/mL).

Statistical analysis

Data were expressed as the mean values * the
standard error (SE). GraphPad—Prism® 4.0 was used
to compare LC, values by means of the ANOVA
analysis, followed by the Tukey Test, with a 95%
of confidence.

Computational methods

All computations were carried out with the
GAMESS program package (version 2006, Gordon
Research Group, Iowa State University, USA).

RESULTS AND DISCUSSION

A preliminary screening of various doses of
crude methanol extract of C. stipuliformis indicated
its activity against five human cancer cell lines.
Following the partitioning of the MeOH extract,
the cytotoxic constituents were identified in the
organic fraction (CSO) with LC,, values below or
near to 100 mg/mL (15); while the aqueous extract
exhibited no significant inhibition of growth in the
population of the tested cancer cells.

The GC-MS analysis of the C. stipuliformis bark
hexane fraction revealed that CSH contained diter-
penoid compounds (75.0%), sterols (16.0%), alipha-
tic esters (5.4%), sesquiterpenes (1.8%), aliphatic
alcohols (1.6%), and other types of compounds
(0.2%). Further fractionation of hexane fraction
was needed due to its complexity. It afforded four
fractions (i.e. CSHa-d), which were also analyzed
through GC-MS, as it can be seen in figure 1. This
analysis allowed determining that the composition
between fractions was different as a result of an
efficient separation; thus, the first CSHa fraction
contained mono- and sesquiterpenoids; CSHb and
CSHc showed the presence of diterpenoids; and
CSHd consisted mainly of triterpenes and sterols.
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Figure 1. Total ion chromatogram (GC-MS) of a) CSHa, b) CSHb, ¢) CSHc, d) CSHd fractions from C. stipuliformis
bark obtained using a RTX-5 column (CSHa chromatogram was obtained on a DB-Wax column). Peak numbers
correspond to the compound numbers in table 1.
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Table 1. Chemical constituents from CSHa, CSHb, CSHc, and CSHd fractions determined through GC-MS.

R Relative Rl Relative
No. Compound (DB-Wax) | (RTX-5) cramposi- No. Compound (DB-Wax)| (RTX-5) Cf)mposi-
tion (%)?* tion (%)*
CSHa CSHa
al o-Pinene 1007 961 1.19 a36 Cadalene 2203 - 0.14
a2 B-Ocimene 1102 - 0.23 a37 Methyl hexadecanoate 2212 1930 8.86
a3 Butanol 1145 - 18.39 a38 B-Eudesmol 2218 - 0.64
a4 | 43,55,67,82,108,139,169,199 1203 1799 0.14 a39 Methyl hydrojasmonate 2221 - 0.60
a5 a-Copaene 1484 1384 225 a40 (Z,E)-Farnesol 2270 - 0.38
a6 B-Cariophyllene 1589 1428 10.48 a41 Farnesilaldehyde 2278 - 0.48
a7 B-Ciclocitral 1594 - 0.58 a2 | 41,56,136,93,77,107,67,153° | 2282 - 0.52
a8 Allo-aromadendrene 1634 - 0.15 a43 Methyl heptadecanoate 2308 - 0.34
a9 a-Terpineol 1646 - 0.39 a44 Octadecanaldehyde 2318 - 0.43
al0 o-Humulene 1657 - 0.94 a45 (E,E)-Farnesol 2326 - 0.33
all cis-Carveol 1672 - 0.50 a46 Isoamyl anisate 2336 - 0.38
al2 y-Muurolene 1680 1486 3.81 a47 | 41,7955,69,91,105,119216° | 2349 2160 0.52
al3 Tonene 1690 - 0.34 248 B-Sesquiphellandrene 2355 - 0.69
al4 Germacrene D 1693 1486 1.72 249 Methyl octadecanoate 2413 2074 3.82
al5 9-Aristolene 1697 - 0.61 a50 |41, 55, 69,74, 85,97, 111, 264 ° 2434 - 2.79
al6 B-Selinene 1707 - 1.18 a51 Isoamyl anthranilate 2442 - 0.75
al7 o-Amorfene 1716 1525 0.94 a52 Heneicosane 2493 2090 7.56
al8 Aristolene 1717 - 0.59 a53 | 41,79,55,68,96,108,292,149 >2500 2111 5.49
al9 §-Cadinene 1752 1533 7.72 a54 Compound 2 >2500 2301 0.56
a20 B-Sesquiphellandrene 1761 - 0.29 a55 Compound 1 >2500 2247 6.73
a2l o-Cubebene 1773 - 0.16 a56 a-Tonol >2500 - 0.08
a22 a-Cadinene 1784 . 0.26 CsHb
a23 Fonenol 1829 - 0.25 a55 Compound 1 - 2247 7131
a24 Cuparene 1841 - 0.15
CSHc
a25 o-Calarcorene 1882 - 0.14
226 B-Calarcorene 1932 - 0.21 a5 Compound 1 - 2247 50.30
a27 Cariophyllene oxide 1968 1599 0.26 a>4 Compound 2 - 2310 15.32
a28 Methyl tetradecanoate 1996 - 0.28 cl Corticosterone - 2416 5.24
a29 E-Nerolidol 2018 - 0.37 c2 Compound 3 - 2422 13.01
a30 Elemol 2079 - 0.75 CSHd
a3l Zingiberenol 2112 - 0.70 d1 Ergosta-5-en-3-ol - 2855 11.24
a32 Acorenone 2146 - 0.31 d2 | 55,83,69,159,255,271,300,412 - 2871 12.16
a33 §-Cadinol 2159 - 0.28 d3 B-Amirene - 2890 17.70
a34 e-Muurolene 2167 - 0.40 d4 B-Sitosterol - 2901 34.94
a35 T-Muurolol 2176 - 0.54 d5 Ergosta-4-en-3-one - 2960 5.17

* Composition calculated based on the peak area % of each fraction.

" The eight most intense peaks of MS.

- Not detected.

The careful analysis of mass spectra and re-

The CSHAd fraction was mainly constituted

tention indexes of CSHa constituents allowed the
identification of 51 compounds in this fraction,
which identity is presented in table 1. The major
constituents were identified as follows: the ses-
quiterpenes B-cariophyllene (10.48%), §-cadinene
(7.72%), y-muurolene (3.81%), and o.-copaene
(2.25%); the diterpene 1 (6.73%); aliphatic esters
methyl hexadecanoate (8.86%) and methyl octade-
canoate (3.82%); butanol (18.39%), and heneicosane
(7.56%). This high terpenoid content is comparable
with those found for other Crofon species, such as
C. zambesicus (16) and C. sellowii (17).

by sterols, among which B-sitosterol (34.94%),
B-amirene (17.70%), ergosta-5-en-3-ol (11.24%),
and ergosta-4-en-3-one (5.17%) were the major
constituents. It is important to point out that most
of the identified sterols have A’-nuclei, which is
common in the Crofon species (4).

The strongest cytotoxic activities were detected
for CSHb and CSHc, which were subsequently
fractionated by means of preparative HPLC in
order to obtain pure compounds 1-3. The major
constituent of the CSHb fraction (1) has a formula of
C,,H,,0,,asitwas established through the HRFAB-
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MS analyses. The C NMR spectra confirmed
that compound 1 possesses a carboxyl group
(8. 174.4). Also, the 'H NMR spectra suggested that
compound 1 possesses a—~CH=C(CH,)-CH=CH,
group, which is typical for a labda-12(E),14-diene
skeleton (18, 19), along with the presence of a
cyclohexane ring, which was determined by of
COSY and HMBC correlations. An exomethylene
group was shown by the 'H and >C NMR signals
at 8, 4.48 (H-17a, brs) and 4.86 (H-17b, d, ] = 0.8),
and 3. 108.7 (C-17). The 'H NMR spectrum also
showed two additional singlet due to the presence
of two methyl groups at 3, 0.75 (H,-20) and 1.72
(H,-19); the latter was attached to an olefinic

= CH3
H

1R
2 R
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group, which was attached to the cyclohexane ring.
Therefore, the carboxyl group must be confined
to an aliphatic chain attached to the cyclohexane
system, which could be probed by the correlations
between the carboxylic carbon at §. 174.4 (C-3)
and methylene protons at 5, 2.19 (H-2a) and 2.44
(H-2b) observed in the HMBC spectrum. These
correlations revealed that the structure of compound
1 resembles a 3,4-seco-labda-12(E),14-diene skeleton
due to the ring A opening; thus, it was elucidated
as the methyl ester of (+)-12E-3,4-seco-labda-
4(18),8(17),12,14-tetraen-3-oic acid (maravuic
acid methyl ester). The chemical structure of this
compound is presented in figure 2.

17

COOH
19 18

Figure 2. Labdane and seco-labdane diterpenes isolated from the Croton stipuliformis bark.

As it can be seen in figure 3, the relative
stereochemistry of the substituents at the
cyclohexane ring was proposed based on the
analysis of the NOESY spectrum. The 'H NMR
spectrum of compound 1 clearly showed an axial
configuration (8 2.24, dd, W,, = 21 Hz) for H-5.
Irradiation of methyl protons at &, 0.75 (H,-20)
enhanced the methylene proton signal at 8, 1.72
(H-6, and H-11a), 2.25 (H-11,) and 4.68 (H-18 ).
The irradiation of H-9 (§,; 1.88) enhanced the
proton signals of H-5 (5,,2.24) and H-7ax (§,, 1.99),
thus revealing a trans-1,3-diaxial configuration of
H-5, H-7 , and H-9 protons. Further NOESY
correlation between H-5 and H,-19 (5, 1.72) was
also found. Thus, it was possible to establish that the
cyclohexane ring has a chair conformation with the

isopropenyl group at C-5 and the side-chain at C-9
in a B-equatorial orientation. (E)-Geometry of the
C-12 double bound was evident from the upfield
chemical shift of the methyl group at C-13 (3, 1.76,
. 12.1), and it was confirmed by the correlations
between H-12 (8, 5.34) and H-14 (§,,6.31), as well
as, the correlations between H,;-16 (§,; 1.76) and
H-11b (8, 2.25) in the NOESY spectrum. Finally,
the correlation between the olefinic proton H-17b
(8;,4.86) and H-7b (5,, 2.34) suggests an equatorial
orientation for this proton. The compound 1
structure optimization, which was done using the
GAMESS computer program (20), is presented
in figure 3. It is notable that compound 1 can
be considered as an artifact of the MeOH reflux
because the acid was also isolated.
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R = -CH,CH,COOCH,

Figure 3. Key NOESY correlations of compound 1.

"H and PC NMR spectral data for compound
2 resembles those of compound 1, except for the
presence of a methoxy group (3,, 3.64, 6. 51.8).
Therefore, compound 2 was identified as the
12E-3,4-seco-labda-4(18),8(17),12,14-tetraen-3-
oic acid or Maravuic acid, a seco-labdane diterpene
previously isolated from Croton stipuliformis leaves
(21) and Croton matourensis bark (22).

The molecular formula of compound 3 was
deduce as C, H,,O, based on the HRFAB-MS
and the EIMS [M*] (m/z 302). The unequivocal
assignment of compound 3 was established through

M. S. Franco et al.

the analysis of data from the HMQC, HMBC,
and COSY experiments. The spectral data of the
decalin ring system with 8(17) exomethylene of
this compound was in agreement with those of the
12,15-epoxy-8(17),13-labdadienoic acid isolated
trom Chunninghamia konishii (23). Thus, compound
3 was identified as 8(17),12E,14-labdatrien-18-oic
acid (communic acid), which has been previously
reported in Xylopia langsdorffiana (24), Isodon
lophanthoides (25) and Pinus resinosa (26), among
others. The cardiovascular effects of compound
3 as hypotensor have been reported before (27);
however, this is the first study about its cytotoxic
activity.

The cytotoxicity of Croton stipuliformis bark
methanol extract against human tumor cell lines
were found in the organic fraction (CSO), as well
as in the hexane fraction (CSH); as it was expected,
crude methanol extract showed lower inhibitory
effects compared to the subsequent fractions.
The pure compounds (1-3) were evaluated for
cytotoxicity against human larynx adenocarcinoma
(HEp-2), human colon adenocarcinoma (HT-29),
human gastric carcinoma (MKN-45), human
breast carcinoma (MCF-7), and human cervix
carcinoma (HeLa); and doxorubicin was used
as positive control. The results for the afore
mentioned evaluations are presented in table 2. All
three diterpenes showed non-specific moderate
cytotoxicities against those cell human tumor lines.

Table 2. Cytotoxicity data for methanolic extract, fractions, and compounds 1-3*.

Cell lines®
Treatment
HEp-2 HT-29 MKN-45 MCE-7 HeLa

Methanol extract 989 +10.0 | 1088+ 1414 | 1035+ 13 903 = 4.9 105.4 = 1.8

CSO fraction 36.3 + 16.9 56.5 = 4.5 19.7 £ 14 40.3 £ 87 58.0 =35

CSH fraction 225+34 172 £ 24 149 £ 3.0 16.6 £ 0.6 343 14

Compound 1 472+ 134 242 49 22.6 £55 24.8 £ 49 19.1 £ 4.0

Compound 2 154 £ 0.4 16.6 £ 0.6 144 £12 16.0 £ 23 12.1 £ 0.9

Compound 3 25.0 £22 265+ 14 - - 265+ 12
Doxorubicin HCI 0.08 = 0.04 0.51 = 0.18 0.17 = 0.10 0.08 = 0.02 0.95 + 0.46

* Results are expressed as the calculated lethal concentration 50 LC, (ug/mL). Data represent mean values = SD (# = 3) from three indepen-

dent studies.

® HEp-2, human larynx adenocarcinoma; HT-29, human colon adenocarcinoma; MKN-45, human gastric carcinoma; MCF-7, human breast

carcinoma; HeLa, human cervix carcinoma.

- Not determined.
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Compound 1 showed a weak activity against
human larynx adenocarcinoma (47.2 pg/mL) in
comparison to the other human tumour lines tes-
ted, which can be interpreted as a slight selectivity
towards the growth of cancer cell lines MCF-7,
HeLa, HT-29 and MKN-45. Analogue compound
2 showed higher cytotoxic activity values than those
of compounds 1 and 3. It is very interesting to see
that compounds 2 and 3 were more active than
compound 1; therefore, it is possible to establish that
the presence of the methyl ester group diminished
the cytotoxicity of compound 1. This behaviour
was also found for the benzyl ester of compound 2,
which was synthesized as part of this work (data not
shown), and allowed us to confirm the significance
of acid moiety in cytotoxicity.

It is important to point out that the cytotoxic
activity of the three diterpenes isolated from Croton
stipuliformis is higher than other known diterpenes,
usually found in the Croton genus, such as crotonin
and dehydrocrotonin (28-30).

CONCLUSIONS

The hexane fraction of Croton stipuliformis pre-
sented a moderate cytotoxic activity against diffe-
rent in vitro human cancer cell lines. Moreover, the
cytotoxicity of diterpenes 1-3 isolated from the
afore mentioned species was demonstrated for the
first time in this study.
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