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ABSTRACT

Introduction: studies performed to Myrmekioderma genus sponges show
phospholipid fatty acids, volatile compounds, sterols, bioactive cyclic diterpenes,
sesquiterpenes, lineal diterpenes and glycolipid ethers.

Objetive: to evaluate the antiproliferative effect of seven fractions (F1-F7) obtained
by flash column chromatography from the most bioactive extract of the sponge
Myrmekioderma gyroderma, and to analyze the chemical composition of the most
active fraction.

Methods: samples of dried sponge were extracted with two different solvents: CH,Cl,
(2 x 50 mL), and CH3OH (2 x 50 mL). Each fraction was evaluated on tumor cell
derived cell lines; and the cell growth, and viability were determined by a colorimeter
assay using sulforhodamine B. Fatty acids structure of the most active fraction was
possible by GC-MS analysis of the methyl ester, and pyrrolidine derivatives.

Results: the fraction with higher activity on the assessed tumor cell lines is F4 due to
it totally inhibited MDA-MB-231, and HT29 cell line growth to 5, and 25 pg/mL
concentration (ICso< 1 pg/mL). Fatty acids identified in bioactive F4 fraction of the M.
gyroderma sponge can be classified on the following groups: lineal chain saturated,
branched-saturated, unsaturated, and a 3-hydroxy acid.
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Conclusions: 43 fatty acids among saturated, branched-saturated, and unsaturated
were identified out of the F4 fraction with activity on the cell lines derived of breast
cancer MDA-MB-231, colon carcinoma HT29, and lung carcinoma cells A-549. These
results show the growth inhibitory effect shown by the fractions, on the tumor cell
lines, depends on the dose.

Key words: antiproliferative activity, fatty acids, Myrmekioderma gyroderma.

RESUMEN

Introduccidn: los estudios realizados a esponjas del género Myrmekioderma
muestran la presencia de acidos grasos de fosfolipidos, compuestos volatiles,
esteroles, diterpenos ciclicos bioactivos, sesquiterpenos, diterpenos lineales y éteres
glicolipidicos.

Objetivo: evaluar el efecto antiproliferativo de siete fracciones (F1-F7) obtenidas por
cromatografia en columna instantanea del extracto mas activo de la esponja
Myrmekioderma gyroderma, y analizar la composicion quimica de la fraccion mas
activa.

Métodos: se extrajeron las muestras de esponja seca con dos solventes diferentes:
CH,CI, (2 x 50 mL) y CH30H (2 x 50 mL). Se evalu6 cada fraccion en lineas celulares
derivadas de células tumorales, y se determiné el crecimiento celular y la viabilidad
mediante un ensayo colorimétrico usando sulforhodamina B. Se realiz6 la
identificacion de los acidos grasos de la fraccion mas activa mediante el analisis por
cromatografia de gases acoplada a espectrometria de masas de los derivados ésteres
metilicos y pirrolididas.

Resultados: la fraccion mas activa fue la F4, debido a que inhibi6 totalmente el
crecimiento de las lineas celulares MDA-MB-231 y HT29 a 5y 25 pg/mL (ICso< 1
png/mL). Los acidos grasos identificados se pueden clasificar en los siguientes grupos:
saturados de cadena lineal, saturados-ramificados, insaturados y un hidroxiacido. Se
identificaron 43 acidos grasos entre saturados, saturados-ramificados e insaturados
en la fraccion con mayor actividad sobre las lineas celulares derivadas de cancer de
mama MDA-MB-231, carcinoma de colon HT29 y carcinoma de pulmon A-549.
Conclusiones: los resultados muestran que el efecto inhibitorio del crecimiento de
las fracciones sobre las lineas celulares evaluadas depende de la dosis.

Palabras clave: actividad antiproliferativa, acidos grasos, Myrmekioderma
gyroderma.

INTRODUCTION

Myrmekioderma gyroderma sponge (class: Demospongiae, order: Halichondrida,
family: Desmoxyidae) (Alcolado, 1984) lives in the Caribbean Sea.! Studies
performed on sponges Myrmekioderma genus show phospholipid fatty acids
identification in M. dendyi,? and M. styx® sponges. Fatty acid, volatile compounds, and
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sterols present in the lipophilic extract of M. granulata sponge are active against
several pathogenic microorganisms.* Diterpenes, cyanthiwigins AA-AA, isolated from
the M. styx sponge collected in Jamaica, showed activity against hepatitis B virus
(HBV); Mycobacterium tuberculosis (Mtb) strain H37Rv at 43 mg/mL ECso, and 50 %
inhibition at 6.25 mg/mL; the human immunodeficiency virus (HIV-1) with 42.1 mM
ECso; and against human primary tumor cells at 3.1-18 mM ICsq. Styxone A and B,
styxlactone,® lineal diterpenes,’ and glycolipid ethers® were also isolated from the M.
styx sponge.

Mono-0O-alquyl-glycosyl glycerols, which cause reverting in tumor cell morphology;°
sesquiterpenes bisabolene type with inhibiting activity of the gastric ATPase,® such as
(S)-(+)-curcuphenol with activity on lines of cancer cells, enzymes, parasites, such as
P. falciparum and microorganisms** have been isolated from Myrmekioderma sp
sponge. About Colombian sponges M. gyroderma and M. rea there is a study in which
sterol compositions and their phylogenetic relationships were evaluated.*

Aiming to contribute with the search of antitumor compounds of potential interest in
the cancer treatment, and to generate data on the sponge chemistry, the effect of
fractions obtained from the ethanolic extract of Myrmekioderma gyroderma sponge on
the growth of the breast (MDA-MB-231), colon (HT29), and lung (A549) tumor cell
lines, was evaluated; and the chemical composition of the most active fraction was
analyzed.

METHODS

General experimental procedures

Solvents employed for extraction and fractions were analysis grade (Merck®), and
HPLC-grade solvents were used without further purification in HPLC separations.
HPLC purifications were carried out on a Waters equipment (pump 600 E,
autoinjector 417, and photodiode array detector 996) coupled with an evaporative
light-scattering detector (ELSD) SEDEX 55. The following chromatographic
conditions were used: a Phenomenex® column C,g (250 mm x 10 mm, 5 um), using
as mobile phase acetonitrile/water (30:70) under isocratic conditions for 5 minutes,
later gradient mode for 10 min in acetonitrile/water (80:20), and later under
isocratic conditions for 25 min in 100 % acetonitrile. A 3 mL/min flow rate; 100 pL
volume injection; and 210 nm wavelength detector were used. NMR experiments
were performed on a Bruker ARX 500 spectrometer. Chemical shifts are recorded in
ppm with CDCl; (8 7.26 for *H) as internal standard.

The analyses by gas chromatography - mass spectrometry (GC-MS) were performed
in an Agilent® 6890N gas chromatographer coupled to an Agilent® 5973N mass
spectrometer. For the (GC-MS) analysis of the methyl esters of the fatty acids, a
19091S, HP5MS Agilent® (0.25 mm x 30 m x 0.25 pm) column at a maximum 350 °C
temperature was used. The schedule of the oven was as follows: starting temperature
150 ©C at a 10 ©C gradient up to a final 300 °C temperature. Splitless mode at 200 °C
temperature, 13.2 psi pressure, and 14.1 mL/min total flow for the injection. The
auxiliary detector temperature was 300 ©C. The scan mode in the mass detector was
used at a mass interval of 30-600 amu. The injection volume was 5.0 uL, and the
analysis time was 35 minutes. For the GC-MS analysis of the pyrrolidine derivatives
from the fatty acids, a 19091J-433, HP-5 Agilent® (0.25 mm x 30 m x 0.25 um)
column was used at 350 °©C top temperature. The schedule of the column was as
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follows: starting temperature 150 °C (1 min)-200 °C (5 ©C/min-3 min)-250 °C (3
©C/min-4 min)-300 °C (5 °C/min-5.33 min). Splitless mode was used for the
injection. The injector's temperature was 250 °C, 13.1 psi pressure, and 14.1 mL/min
total flow. Auxiliary detector's temperature was 300 ©C. Scan mode in the mass
detector at 30-600 amu mass interval was used. The injection volume was 3.0 pL,
and the analysis time was 90 minutes.

Sampling and identification

Samples were collected by scuba divers from reef in habitats at 15 to 21 m depths of
in the Uraba Gulf (Colombia), in 2002 and were kept frozen until their use. Strange
materials and/or organisms were removed from samples with a knife. Samples were
frozen (-10 °C) as soon as possible and transferred to the laboratory where they were
cut in small pieces, and dried (40 °C). Identification was carried out by Dr. Sven Zea
(Colombia), sponge taxonomy expert, and two reference samples are in the
Laboratorio de Productos Naturales Marinos de la Universidad de Antioquia (Medellin,
Colombia) with voucher N© PNM-23.

Extracting and fractioning

Dried samples were extracted with two different solvents: CH,CI, (2 x 50 mL), and
CH3OH (2 x 50 mL). Each extraction was developed with mechanical shaking in amber
glass flasks at room temperature. Each extract was filtered, and concentrated under
vacuum on a rotary evaporator (Heidolph) at low temperature (40 °C). The ethanol
extract was subjected to a C;g reversed-phase flash column, eluting with 500 mL of
the following eluotropic series: H,O, H,O/CHs0H (1:1), H,O/CHs0H (1:3), CH;0H,
CH3OH/CHCI, (3:1), CH30 H/CH,CI, (1:1), and CH,CI,. Each fraction was
concentrated under vacuum on a rotary evaporator at low temperature (40 °C), and
later evaluated on tumor cell derived cell lines. Fractions were named in the same
order each solvent elution was, that is: F1, F2, F3, F4, F5, F6, F7; and the F4 fraction
was separated by reversed-phase HPLC.

Biological assay

The cell growth and viability were determined by a colorimeter assay using
sulforhodamine B, SRB.'? The colorimetric assay estimates cell number indirectly by
staining total cellular protein with the dye SRB (12). The in vitro activity of the
extracts was evaluated against cultured human cancer cells of A-549 lung carcinoma,
HT29 colon adenocarcinoma, and MDA-MB-231 breast carcinoma at three
concentrations: 1 pg/mL, 5 pg/mL, and 25 pg/mL. According to National Cancer
Institute guidelines, extracts and fractions with I1Csy values < 20 ug/mL were
considered active.*®

Preparation of methyl esters and pyrrolidine derivatives of the fatty acids

The HPLC obtained fractions of fatty acids from the M. gyroderma sponge were added
diazomethane aiming to get methyl esters from the fatty acids. 100 ug of methyl
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esters were added 1 000 uL of pyrrolidine, and 100 pL glacial acetic acid for getting
pyrrolidine derivatives. The mix was boiled at 100 ©C in an open reflux for 90
minutes. Reaction was monitored using thin layer chromatography comparing with a
sample of methyl esters using hexane/ethyl acetate (2:1) as mobile phase, and silica
gel F,s4 as stationary phase. Both derivative samples were analyzed by GC-MS.

RESULTS

Bioassays

Figure 1 shows M. gyrodermasponge fraction with the highest activity on the assessed
tumor cell lines is F4 since it totally inhibited MDA-MB-231, and HT29 cell line growth
to 5, and 25 ug/mL concentration(ICso< 1 pg/mL), respectively.
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Fig. 1. Effect of ethanolic fractions concentration from the &,
gwroderna sponge on the MDA-MB-231, HT29, and AL49
tum or cell lines growth,

Fractionation of F4 fraction by HPLC

The HPLC fractioning of the most active fraction (F4) resulted on the collection of
sixteen fractions named M1 to M16. M. gyroderma sponge HPLC obtained fractions
were analyzed by *H-NMR, and fatty acid characteristic signals were observed on the
obtained spectra. Fatty acids structure identification was possible by GC-MS analysis
of the methyl ester, and pyrrolidine derivatives. 43 fatty acids (C14-C»;) distributed in
the different fractions obtained by HPLC were identified from the fraction of free fatty
acids of the M. gyroderma sponge. Results are shown in table.
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Table. Fatty acids identified from the sponge M. gyroderma

| No. | Compound | M methyl ester | Abundance (%)
1 10-methyltridecanoic acid (10-Me-C14:0)° 242 14.80
2 8-methyltetradecancic acid (8-Me-C15:0)° 256 = 0,10
| 3 | 13-methyltetradecanoic acid (i-C15:0)® | 256 | < 0.10
| 4 | 1z-methyltetradecanoic acid (3i-C15:0)* | 256 | < 0.10
| 5 | 3-hydroxy-hexadecanoic acid (3-hidroxy-C16:0)° | 286 | = 0.10
| & | n-Hexadecanoic acid(C16:0)" | 270 | 37.16
7 Z-methylpentadecanoic acid (16:0)® 270 < 0.10
8 14-methylpentadecanoic acid (i-C16:0)® 270 < 0.10
a 13-methylpentadecanoic acid (ai-C16:0)° 270 < 0.10
| 10 | 7-hexadecenoic acid (C16:1)° | 268 | < 0.10
| 11 | 10-hexadecenoic acid (C16:1)° | 268 | 0.32
12 Hexadecenoic acid (C16:1)-isomer 3% 268 19.38
13 5,9-hexadecadiencic acid (C16:2)—(isomer 1)° 266 < 0.10
14 | 5,9-hexadecadiencic acid (C16-2)-(isomer 2)* 266 = 0.10
15 | Z-methylhexadecanocic acid (2-Me-C17:0) 284 < 0.10
| 16 | 15-methylhexadecanoic acid (-C17:0)" | 284 | 8.44
| 17 | 14-methylhexadecanoic acid (ai-C17:0)' | 284 | 0.79
| 18 | 12-methylhexadecanoic acid (12-Me-C17:0)° | 284 | < 0.10
| 19 | 13-methylhexadecanoic acid (13-Me-C17:0)% | 284 | = 0.10
| 20 | Heptadecanoic acid (C17:0)% | 284 | 0.31
| 21 | 15-methyl-8-hexadecencic acid (15-Me-C17:1)" | 282 | 0.10
| 22 | 9-heptadecenoic acid (C17:1)¢ | 282 | < 0.10
| 23 | 5,9-heptadecadienoic acid (C17:2)° | 280 | = 0.10
24 | Octadecanoic acid (C18:0)° 298 0.21
25 | B-octadecenoic acid (C18:1)* 296 < 0.10
26 10-octadecenoic acid (C18: 1]"! 296 14.79
27 | 9,12-octadecadiencic acid (C18:2)° 294 < 0.10
| 28 | Octadecadienoic acid (C18:2)-isomer 1° [ 294 | < 0.10
| 29 | Octadecadienoic acid (C18:2)-isomer 2° | 254 | 0.15
| 30 | Octadecadienoic acid (C18:2)-isomer 3* | 294 | 0.12
| 31 | Octadecatrienpic acid (C18:3)" | 294 | =< 0.10
| 32 | 6,9,12-octadecatriencic acid (C18:3)° | 2az | < 0.10
| 33 | 15-methyloctadecanoic acid (C19:0)° | 312 | 0.51
| 34 | Octadecadiynoic acid (C18:2)-probable acid” | 294 | < 0.10
| 35 | Nonadecanoic acid (19:0)° | 312 | < 0.10
36 | Nonadecenoic acid (C19:1)-isomer 17 310 122
37 | Nonadecenoic acid (C19:1)-isomer 27 310 0.31
38 | 8-nonadecenoic acid (C19:1)-isomer 3% 310 0.20
| 39 | 5,9-eicosadiencic acd (C20:2)' | 322 | < 0.10
| 40 | 5,8,11,14-eicosatetraenoic acid (C20:4; n-6)-isomer 1° | 318 | 0.78
41 Eicosatetraenoic acid (C20:4)-isomer 2' 318 < 0.10
42 5,8,11,14,17-eicosapentaenoic acid (C20:5)° 316 < 0.10
43 | 6,9,12,15-heneicosatetraencic acid (21:4)° 332 < 0.10

Hydroxy: hydroxyl; Me: methyl; * bedelo correspond to fatty acids identified from the fractions M1,

Fatty acids identified in bioactive F4 fraction of the M. gyroderma sponge can be
classified on the following groups: lineal chain saturated, branched-saturated,
unsaturated, and a 3-hydroxy acid. Figure 2 shows fatty acids that are more

M2, M3, M4, M5, M6, and M7, respectively.

abundant are in order: branched-saturated (32.5 %), monoenoic (25.6 %), dienoic
(18.6 %), polyenoic (14.0 %), and lineal chain saturated (11.6 %). Unsaturated fatty

acids are the most commonly found in the fraction and correspond to 55.8 %

abundance.
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Fig. 2. Classification of fatty acids identified in F4 fraction
fram M. guroderma.

DISCUSSION

A549 cell line was totally inhibited on its growth at a 25 pg/mL concentration, and
at 5 ug/mL one, the same fraction inhibited its cell line growth in 71 % (ICsp 3.10
pg/mL). 1 pg/mL concentration completely inhibited HT29 cell line growth, and
diminished 72 % MDA-MB-231, and 22 % A549 cell line growth; respectively. For
its part, F3 fraction inhibited 76 %, 71 % and 12 % MDA-MB-231, HT29 and A549
cell line growth; respectively. On the other hand F5 fraction inhibited 65 %, 39 %o,
and 45 % MDA-MB-231, HT29 and A549 cell line growth, respectively, at a 25
pg/mL concentration. F6 fraction inhibited 26 % A549 cell line growth, and the
other cell lines were inhibited in less proportion.

Fatty acid characteristic signals observed on the obtained spectra were: a triplet §
0.8-0.9 ppm signal, corresponding to methyl group; a 8 1.2-1.4 ppm characteristic
signal, of methylene groups; the displaced multiplet signals between 6 1.5 ppm, and &
3.0 ppm, corresponding to methyl groups close to carboxyl group; being a triplet
signal evident in 5 2.3 ppm, corresponding to the two protons of the methyl group
directly linked to the carbonyl group.'* The proton of the hydroxy-bearing carbon
generated a multiplet at § 3.50 ppm.*® Olefinic protons characteristic signals were also
observed due to the presence of a multiplet removed to § 5.3 ppm.*°

The mass spectra of methyl ester derivatives allowed determining whether the
compound was a saturated fatty acid by observing the presence of characteristic
fragments such as: m/z 74 base peak, which comes from a McLafferty type
rearrangement; the ion at m/z [M-43]", which represents the loss of C; units (2 to 4
carbons); and the ion at m/z [M-31]" , which represents the loss of a methoxyl ion.*’
The mass spectra of methyl esters of unsaturated fatty acids showed the presence of
an ion at m/z [M-32]", which represents the loss of methanol; the ion at m/z 74,
which is less abundant than in saturated fatty acids; and the ion at m/z 55, which is
usually the base peak of the [C,Hzn-1]" series.® The pyrrolidine derivatives allowed
the location of the double bonds, and branches.*® A double bond is present between
the n and n+1 carbons in the molecule, if a 12 amu rather than a 14 amu interval is
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observed, among the most intense peaks of the fragments containing n and n-1
carbon atoms.*®

Mass spectrum analysis of the methyl esters of the free fatty acid obtained from the
M. gyroderma sponge revealed the presence of fatty acids, which showed a base peak
of m/z 81, a diagnostic ion of fatty acids with A>° unsaturations, which is a
characteristic pattern of the demospongic acids.*® This pattern was observed in the
mass spectrum of the pyrrolidine derivatives of the same fatty acids in which the m/z
180 ion was observed, which is characteristic of the A*>° fatty acids.*® The
identification of the compounds was based on the comparison of the published mass
spectra, and retention times.'*

For the case of the hydroxylated fatty acid identified in the M1 fraction, methyl ester
mass spectrum showed the m/z 286 molecular ion, corresponding to the molecular
formula C,7H340,. The base peak at m/z 103 is produced by a characteristic cleavage
alpha to the carbon with the hydroxyl group, and defines its position.’

Composition of fatty acids identified in this work was compared with composition
reported for the phospholipid fraction of the M. styx sponge,® and it was found that
both fraction common fatty acids are: 8-Me-C15:0, C16:2; A>°, C18:0, C20:4; n-6,
Cl16:0, ai-C15:0, i-C15:0, ai-C16:0, i-C17:0, ai-C17:0, C17:0. A 25.6 % similarity
between both fractions was observed.

Biological activity results indicate that the greatest inhibitory effect in growth was
observed in HT29 (ICso< 1.00 pg/mL) tumor cells, which growth was totally inhibited
by F4 fraction in the three assessed concentrations (1, 5 and 25 pg/mL); it was
followed by MDA-MB-231 (ICso< 1.00 pg/mL) tumor line with total growth inhibition
at 5 and 25 pg/mL concentrations; and finally A549 (ICso 3.10 pg/mL) cell line, which
growth was totally inhibited at a 25 ug/mL concentration. The most sensible cell line
was MDA-MB-231, as it is the only cell line showing more than 50 % inhibition for
three out of four assessed fractions (F4, F3, and F5), cell line HT29 (F4 and F3)
follows, and finally A549 (F4) cell line.

Comparison of the obtained IC5, with the National Cancer Institute extract suggested
values of 20 pg/mL;*® it was found that F4 fraction exhibited antiproliferative activity
in the three assessed cell lines, which lead to chemical study for determining its
composition.

Three groups of fatty acids showing greater abundance, and which could be
responsible of the analyzed tumor lines growth inhibition, were found in F4 fraction:
hexadecanoic or palmitic acid (37.16 %); monounsaturated fatty acids (C14-C5.),
among which the most abundant are the hexadecenoic (19.38 %), and 10-
octadecenoic (14.79 %) acids; and iso and anteiso branched-saturated fatty acids
C15-Cy7.

The most abundant component of the analyzed fraction is the hexadecanoic (palmitic
acid) which, at a 12.5 to 50 pM/mL concentration, showed selective cytotoxic activity
against human leukemia cells (MOLT-4, HL60, K-562), but not on normal cells HDF; it
also induces apoptosis in MOLT-4 cell lines at 50 pg/mL concentration, and presents
in vivo antitumor activity in mice trials. It is considered that a molecular target for
this compound is the topoisomerase I, and that it does not affect topoisomerase 11.*°

Monounsaturated fatty acids were found in abundance in F4 fraction (36.34 %), and it
is possible that these compounds have cis position double link, which would partially
explains the activity observed in such fraction, due to what has been reported that
cis-monounsaturated fatty acids (C14-C5,) are known as DNA topoisomerase |
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inhibitors.?° Besides, it has been reported that cis-C18:1 fatty acid is an inhibitor of
the human telomerase with an ICs, of 8.6 uM;?* and the presence of 8-octadecenoic,
and 10-octadecenoic, with < 0.10 %, and 14.79 % abundance respectively, was
found in F4 fraction. 9,12-octadecadienoic acid was also found in the same fraction,
and it has also been reported that this acid with the first double link in cis
configuration becomes a mammal DNA polymerase inhibitor.??

C15-C17 (iso and anteiso) branched-saturated fatty acids identified in bioactive F4
fraction also contribute to antiproliferative activity, as it has been reported that these
compounds have inhibitory activity on topoisomerase 1.2 15-methylhexadecanoic acid
(i-C17:0) with 8.44 % abundance, 14-methylhexadecanoic acid (ai-C17:0) with 0.79
% abundance; and 13-methyltetradecanoic acid (i-C15:0), 12-methyltetradecanoic
acid (ai-C15:0), 14-methylpentadecanoic acid (i-C16:0), and 13-methylpentadecanoic
acid (ai-C16:0) with an abundance less than 0.10 % each, are found in the tested
fraction.

Another antiproliferative interest fraction component is 5,8,11,14,17-eicosapentaenoic
acid (n-3 acid), which is found in traces in M2 fraction (< 0.10 %o). It has been
indicated that n-3 fatty acids are powerful inhibitors of lipoxygenase-enzymes
involved in illnesses such as Alzheimer, arteriosclerosis, and cancer.?*

3-hydroxyhexadecanoic acid presence suggests the existence of an endosymbiotic
relationship between the sponge, and a microorganism; as this kind of fatty acids (3-
hidroxylated) has been found in microbial lipids (rhamnolipids).**?> 3-hidroxylated
fatty acids have shown antimycotic activity between 10 and 100 pg/mL MIC.?®

In conclusion, 43 fatty acids (among saturated, branched-saturated, and
unsaturated), were identified out of the F4 fraction with activity on the cell lines
derived from breast cancer MDA-MB-231, colon carcinoma HT29, and lung carcinoma
cells A-549. This is the first report on biological activity of fractions of the
Myrmekioderma gyroderma sponge on cell lines derived from breast cancer MDA-MB-
231, colon carcinoma HT29, and lung carcinoma cells A-549; and on the chemical
composition of a bioactive fraction of this sponge. These results illustrate that the
growth inhibitory effect shown by the fractions on the tumor cell lines depends on the
dose.
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