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ABSTRACT

Marine sponges of the genus Ircinia are known to contain several classes of metabolites, some of them
with interesting biological activities as furanesesterterpenes, polyprenylated hydroquinones, macrolides,
sulfur containing terpenoids, and steroids with various patterns of oxidation. In our search for antiparasitic
metabolites from marine sponges, we found that the Colombian Caribbean sponge Ircinia campana contains
a complex mixture of epidioxysterols which displayed antileishmanial activity. This paper demonstrates that
epidioxysterols found in this sponge are photo-oxidation products from the naturally occurring A>7 sterols.
These results suggest that epidioxysterols reported previously in sponges of the genus Ircinia are not naturally
occurring products, so they are not valid chemotaxonomic markers for the sponges of this genus.
Keywords: Marine sponges, Dyctioceratidae, Ircinia, epidioxysterols, degradation products.

RESUMEN

Las esponjas marinas del género Ircinia contienen varias clases de metabolitos, algunos de ellos con
actividades bioldgicas interesantes como son: furanosesterterpenos, hidroquinonas polipreniladas,
macrdlidos, terpenoides azufrados, y esteroides con diferentes patrones de oxidacién. En nuestra biisqueda
de sustancias antiparasitarias en esponjas marinas, encontramos que la esponja marina colombiana
Ircinia campana contiene una mezcla compleja de epidioxiesteroles, los cuales mostraron actividad
antileishmania. Este trabajo demuestra que los epidioxiesteroles en esta esponja, son productos de la
oxidacién fotoquimica de sus esteroles naturales A>’. Los resultados que se presentan sugieren que los
epidioxiesteroles reportados previamente en otras esponjas del género Ircinia no son productos naturales
y, por tanto, no son marcadores quimotaxondmicos vilidos para este género de esponjas.
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INTRODUCTION

Sponges are sessile animals that produce bioac-
tive substances as a mechanism of defense against
their predators. This ability has been confirmed
with the finding of a lot of new substances, most of
them with structural and biological properties with-
out counterpart in the terrestrial environment. In
the particular case of marine sponges of the genus
Ircinia, these are known as a source of several classes
of steroids (1, 2), terpenoids (3, 4, 5, 6), furanos-
eterterpene tetronic acids (6, 7, 8), hydroquinones
polyprenylated (9), sulfur compounds as ircinia-
sulfonic acid (10, 11), nytrogenous compounds (12)
and macrolides (13). Several of these compounds
displayed interesting biological activities including
enzyme inhibition (4), antitumoral)(12-13), and
antimicrobial activities(14).

In a previous study we found that extracts from
the Colombian Caribbean marine sponge Ircinia
campana, displayed interesting antiparasitic activity
which was associated with a complex mixture of
epidioxysterols isolated from the sponge (15). In
this article we report that these compounds are
prc%ducts of oxidation from the naturally occurring
A" sterols in the presence of light.

Sterols A5’7—3—hydroxyandrostadiene were ob-
tained using a bioassay guided fractionation from the
Colombian marine sponge Ircinia campana. The sterol
fraction was oxidated in controlled conditions of light
and air to produce 50,8 ct-epidioxysterols which were
identified by GC/MS. Nine 50, 8o-epidioxysterols
were identified: Six compounds with A° nucleus and
three compounds with A*’ (11) nucleus. This fraction
showed antileishmanial activity against Leishmania
(V.) panamensis.

MATERIALS AND METHODS

General experimental procedures

All solvents were of the highest commercially
available purity. UV and FTIR spectra were recorded
on a Genesis 2PC spectrophotometer and a Perkin
Elmer (FTIR Spectrum I) spectrophotometer,
respectively. H-NMR measurements in CDCI
were performed on a Bruker AMX 300 i 1nstrument
operating at 300 MHz with TMS as an internal refer-
ence. GC/MS: Agilent GC 6890/ MS 5973, with a
capillary column HP5-MS (30 m x 0,125 mm x 0,25
pum film). Carrier gas: He 0.9 ml min , temperature
program: 200 °C —290 °C at 5 °C min~ . An Agilent
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1100 system with ultraviolet detection (monitored
at 210 nm) was used for the analysis of fractions. A
Merck LiChrospher 100 RP-18 reversed phase col-
umn (10 pm x 250 mm) were all eluted isocratically
with acetonitrile: methanol: water (8:1:1) at a flow
rate of ImL/min. Analytical TLC was performed on
precoated Merck aluminum sheets (DC-Alufolien
Kieselgel 60 F _0.2mm) with the solvent system
CHCI —methanol (95:5, 80:20 and 60:40), and com-
pounds were viewed under UV lamp and sprayed
with 5% phosphomolibdic acid in ethanol followed
by heating. Column chromatography analysis were
performed using silica gel 40.

Animal material

Samples of sponge Ircinia campana were col-
lected and identified during November of 2001 and
March of 2002 in Punta Betin, Santa Marta at 6-12
m depth. Voucher specimen with code INV-POR
0022 has been deposited in the collection sponges of
INVEMAR, Santa Marta (correspond to the dried
fragment of the whole specimen deposited in the
Smithsonian Institution in Washington with code
USNM 32003). Samples of Ircinia campana were
immediately frozen after collection and kept at 4
°C until extraction.

Extraction and fractionation

Frozen sponges were cut into small pieces, ly-
ophilized and ground. Milled sponges (66.33 gand
255.94 g) were extracted with methanol at room
temperature. The methanolic extracts were dried at
40 °C on a rotatory evaporator. The extracts were
re-extracted with ethyl acetate and the sterol frac-
tion (374.9 mg and 1526.3 mg) were separated and
purified by TLC and CC (silicagel F. and silicagel
40, respectively, n-hexane: ethyl acetate 2: 1).

Oxidation of A sterols to epidioxysterols

A sterols were dissolved in chloroform and kept
in a open reflux with direct light of a halogen lamp
(50 Watts, 120 Volts), Philips® Master N-Flood
30, and constant agitation for 24 hours at room
temperature. The reaction control was monitored
using the same conditions for TLC and compared
with a control sample without oxidize and with a
commercial sample of 7-dehydrocholesterol. On
TLC analysis (5111ca gel, n-hexane/ethyl acetate 2:1)
sterols with A” -3B-hydroxyandrostadiene nuclei
displayed Rf 0.6 and showed an UV absorption at
254 nm, while epidioxysterols displayed Rf 0.2 and
it cannot be revealed with UV light owing to ab-
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sence of conjugated diene system. The sample was
fractionated by CC and eluted with the eluent series
chloroform-methanol (95:5, 80:20 and 60:40). Two
fractlons (A and B) were obtained, and analyzed by
'H- NMR, HPLC and GC/MS. GC/MS analysis
of fraction A led to identification of 6 compounds:

50,80-epidioxy-24-norcholesta-6,22-dien-3-ol
(1), 50,,80-epidioxy-cholesta-6,22-dien-34-ol (2),
50, 8o-epidioxi-(24)-methylcholest-6-en-33-ol
(epimer 1) (3), 50, 8a-epidioxy-cholest-6-en-33-ol
4), 50, 8o-epidioxy-(24)-methylcholest-6-en-33-
ol (epimer 2) (5), 50, 8a-epidioxy-(24)-ethylcho-
lesta-6,22-dien-33-ol (6), and GC/MS analysis for
fraction B led to identification of 3 compounds:
50,80-epidioxy-cholesta-6,9-dien-3p-ol (7),
50,80-epidioxy-cholesta-6,9,22-trien-3p-ol (8),
and a compound 5a,80-epidioxysterol with mo-
lecular formula C, H,O,0)

RESULTS

Two extraction and isolation processes to find
the epidioxysterols fraction from Ircinia campana
were unsuccessful. In the first case, isolation work
began with 66.33 g of dried sponge, and in the sec-
ond case it was increased to 255.9 g of this specie.
All processes for extraction were developed protect-
ing from light, using amber glass recipients. No
evidence of the presence of epidioxysterols in crude
extracts was available. However, in both cases the
sterol fractions were 1solated Evidence for the pres-
ence of sterols with a A’ nuclei were found from
TLC and UV analysis, and from previous reports
of these class of sterols in sponges genus Ircinia (16).
Sterol fractions were isolated by repetitive column
chromatography and the UV spectrum dlsplayed
characteristic UV maximum for sterols with a A”
nuclei at 280 nm.

Considering the previous suggestion made by
Martinez in 1996, who reported the sterol composi-
tion of three Ircinia species from the Caribbean sea,
and a small quantity of epidioxysterols in Ircinia cam-
pana, which could be oxidation products from the
corresponding naturally ocurring A sterols in the
sponge, we were encouraged to test the oxidation of
sterol fractions isolated from Ircinia campana.

In a process of analysis and fractionation by thin
layer chromatography and column chromatography,
the fraction of epidioxysterols did not present the
retention factor of 0.23 when it was eluted with a
mixture of n-hexane/ ethyl acetate 2:1. Moreover,
when 'H-NMR spectrum (300 MHz, CDCI )
was determinated, characteristic signals of olefinic
protons H-6 and H-7 of epidioxysterols were not
observed (14), neither for lipidic extract nor the frac-
tions achieved by chromato%raphyc fractionation.

After the oxidation of A" sterols, the analysis
of 'H-NMR spectrum of a purified fraction of
oxygenated sterols, showed characteristic signals of
methyl protons between 8 0.6 and 1.0, a multiplet at
8 3.9 that correspond to proton H-3, a doublet at &
6.24 (d, ] 8,5 Hz) that correspond to olefinic proton
H-7 and a doublet signal at  6.50 (d, J 8.5 Hz) corre-
spond to olefinic proton H-6. This fact confirmed
that the fraction was a mixture of compounds with
the characteristic nucleus of epidioxyserols, of
which nine compounds were identified by GC/MS:
50,80-epidioxy-24-norcholesta-6,22-dien-33-ol
(1), 5a,8a-epidioxy-cholesta-6,22-dien-38-ol (2),
5a,8a-epidioxi-(24)-methylcholest-6-en-38-ol
(epimer 1) (3), 5a,8a-epidioxy-cholest-6-en-3p-ol
4), 50,8a-epidioxy-(24)-methylcholest-6-en-3f-ol
(epimer 2) (5), 5a,8a-epidioxy-(24)-ethylcholesta-
6,22-dien-3p-ol (6),50,8a-epidioxy-cholesta-6,9-
dien-3B-ol (7), 5a,8a-epidioxy-cholesta-6,9,22-
trien-3B-ol (8), and a 5a,8a-epidioxysterol with
molecular formula C27H4204 (Figure 1).
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Figure 1. Structures of 50,8a-epidioxysterols from the marine sponge Ircinia campana.

DISCUSSION

Previous results suggested that the epidioxyster-
ols in the marine sponge Ircinia campana are artifacts
of oxidation of sterols with A -3B-hydroxyandro-
stadiene nucleus. This fact had been suggested by
Martinez in 1996, which explained the oxidation
reaction for this compounds (Figure 2). In addition,
results suggest that the epidiosxysterols reported for
marine sponges Ircinia campana and Ircinia fasciculata
(17), were not naturally ocurring products in these
sponges, but may be the artifacts of oxidation in
presence of light. This hypothesis reasserted from
the fact that in both processes of extraction, were
carried out in the absence of light (in ambar glass

container) from their collection to isolation of
sterols fraction.

In a revision of scientific literature about the
oxidation process of sterols with A5’7-3B-hydroxy-
androstadiene nucleus, it was reported that 5a,80-
epidioxysterols present in the sponge Spheciosgongia
vesparia, are artifacts of oxidation of natural A -ste-
rols. However, in that study researchers produced
the oxidation with an oxidant agent, m-chlorper-
benzoic acid. (18). These results suggest that the
epidioxysterols found in marine sponges cannot
be used as chemotaxonomic markers because they
are probably oxidation artifacts.
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Figure 2. Oxidation reaction of A - natural sterols from Ircinia campana.

Spectroscopic Data

Epidioxysterols mixture: 'H-NMR (CDCI 300
MHz): § 0,6-1,0 (15H, m, CH -18, CH -19, CH -
21, CH -25, CH  -26), 5 3,90 (IHL, m, H-3), 5 6,24
(1H, d,] = 8,5 [1z, H-7), 8 6,50 (IH, d, ] = 8,5
Hz, H-6).

5 o,8 a-epidioxy-24-norcholesta-6,22-dien-3p-ol
(1): EIMS m/z 400 [M]?, 368, 353, 349. Retention
time by GC, 15.08 min. These data are consis-
tent with a epidioxysterol of molecular formula

26H40 ’
S0 8a—ep1dtoxy—cholesta 6,22-dien-3p-ol (2): EIMS
m/z 414 [M]T , 382, 396, 364, 349. Retention time
by GC, 16.21 min. These data are consistent with a
epidioxysterol of molecular formula C H, O

Sa,8a-epidioxy-(24)-metilcholest-6- en—3l3 ol (3)
— Epimer 1: EIMS m/z 430 [M]" 412, 398, 380, 365,
353. Retention time by GC, 17.90 min. These data
are consistent with a epidioxysterol of molecular
formula C23H4603’

S0,8a~epidioxy-cholest-6-en-3p-ol (4): EIMS m/z
416 [M]?, 412, 398, 366, 353, 351. Retention time
by GC, 19.07 min. These data are consistent with a
epidioxysterol of molecular formula C| H,O.

S0, 8a~-epidioxy-(24)-methylcholest-6- en—3[3 ol (35)
— Epimer 2: EIMS m/z 430 [M], 412, 398, 380, 365,
353. Retention time by GC, 19.40 min. These data
are consistent with a epidioxysterol of molecular
formula C28H4603.

Sa,8a-epidioxy-(24)-etilcholesta-6,22-dien-3B-ol
(6): EIMS m/z 442 [M]?, 424, 410, 392, 377, 253.
Retention time by GC, 20.64 min. These data are
consistent with a epidioxysterol of molecular for-
mula C29H4GO3.

Sa,8a-epidioxycholesta-6,9(11)-dien-3B-ol (7):
EIMS m/z 414 [M]*, 396, 382, 364, 349, 353.
Retention time by GC, 21.44 min. These data
are consistent with a epidioxysterol of molecular
formula C27H4203.

50,8a-epidioxy-cholesta-6,9(11), 22-trien-3B-ol (8):
EIMS m/z 412 [M]?, 394, 380, 365, 253. Retention
time by GC, 23.45 min. These data are consis-
tent with a epidioxysterol of molecular formula
CH O

27 40 3
Compound 9:. EIMS m/z 430 [M]?, 412,398, 365,
253. Retention time by GC, 21.79 min. These data
are consistent with a epidioxysterol of molecular

formulaC H O.
27 42 4
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