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The defense roles and the antifouling activity of the organic extracts and the major metabo-
lites of the sponges Ircinia oros, I. variabilis and I. spinosula were investigated. The antifee-
dant activity was tested in experimental aquaria on the generalist predator fish Thalassoma
pavo as well as in coastal ecosystems rich in fishes. Some of the major metabolites exhibited
high levels of antifeedant activity. The antifouling activity was tested in laboratory assays,
against representatives of the major groups of fouling organisms (marine bacteria, marine
fungi, diatoms, macroalgae and mussels). All extracts showed promising levels of activity. As
was expected, no single extract was active in all tests and some fractions that were effective
against one organism showed little or no activity against the others. The high but variable
level of antifouling activity in combination with the absence of toxicity (tested on the devel-
opment of oyster and sea urchin larvae) shows the potential of these metabolites to become
ingredients in environmentally friendly antifouling preparations.

Introduction

Sponges are important members of the marine
ecosystem. Because they are sessile and soft-bod-
ied, they appear to be physically vulnerable. The
lack of predation on sponges is thought to result
from the elaboration of physical (Hartman, 1981)
and chemical defenses (Bakus and Green, 1974).
Sponges have for long been the focus of atten-

tion, concerning their chemical defense mecha-
nisms (Takur and Anil, 2000). Many studies
showed that they are rich in terpenoids and ste-
roids, which function in antipredation, competition
for space and control of epibiont overgrowth (Ba-
kus and Schulte, 1992 ; Takur and Anil, 2000).
A number of studies have shown that organic

compounds extracted from a variety of non-motile
marine taxa, including sponges, inhibit fouling in
the laboratory or in the field (Wahl, 1989). It has
been stated (Fusetani, 1991) that these organisms
secrete chemicals that prevent larvae of other ma-
rine organisms from settling and growing on them.
The control of biofouling is of particular con-

cern in modern marine engineering and shipping
operations and one of the most important prob-
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lems marine biotechnology is currently facing
(Hattori and Shizuri, 1996). Generally, fouling de-
velopment can be prevented by means of antifoul-
ing paints containing one or more toxic com-
pounds such as organotin derivatives in a paint
matrix (Vallee-Rehel et al., 1998). However, envi-
ronmental and human health problems are associ-
ated with these metal complexes (Gibbs, 1993;
Gibbs et al., 1987; Gibbs et al., 1988; Martin et al.,
1981; Peterson et al., 1993; Voulvoulis et al., 1999).
The biochemical mechanisms that sponges have

developed as a chemical defence for growth inhi-
bition of epiphytic micro and macro organisms
might comprise a potential alternative for the pre-
vention of biofouling. Marine sessile invertebrates
and algae provide acceptable substrates to fouling
organisms, yet many of these are remarkably free
of fouling organisms (Ware, 1984; Gerhart et al.,
1988; Wahl, 1989; Uriz et al., 1992; Hellio et al.,
2000a, 2000b).
The sponges of the genus Ircinia found in swal-

low Mediterranean marine ecosystems are most of
the times free of epibionts and have at the same
time proven to be rich sources of interesting me-
tabolites, such as linear or cyclic polyprenylhy-
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droquinones (Mihopoulos et al., 1999) and sestert-
erpenes (Cimino et al., 1972) many of which
contain furan and tetronic acid functional groups.
Some Ircinia metabolites have exhibited activity
on phospholipase A2 with subsequent analgesic
and anti-inflammatory effects (De Pasquale et al.,
1991; Gil et al., 1993). Additionally, several constit-
uents have been reported to show brine shrimp
toxicity (De Rosa et al., 1994) and fish lethality
(Fusetani et al., 1984).
In the course of our investigations towards the

isolation of bioactive metabolites from marine or-
ganisms and the elucidation of their ecological
roles (Agalias et al., 2000) we examined the anti-
feedant activity and the antifouling efficacy of
three Ircinia species collected from the Aegean
sea.

Materials and Methods

Sponge materials

I. oros was collected by SCUBA diving from
cave walls (5Ð15 m) at the island of Melos,
Cyclades. I. spinosula and I. variabilis were hand
picked by scuba divers (5Ð15 m) at the island of
Fleves, Saronicos gulf. The freshly collected organ-
isms were initially freeze dried and then exhaus-
tively extracted at room temperature with CH2Cl2/
MeOH (2/1, v/v) mixtures. The residues were sub-
jected to vacuum chromatography using silica gel
and a step-wised gradient solvent system ranging
from 100% cyclohexane to 100% ethyl acetate.
The active fractions were further purified either
by vacuum/column chromatography and/or HPLC
until pure metabolites were isolated. Structural
elucidation of natural products was based on their
spectral data (NMR, MS, IR, UV) and comparison
with literature values.

Chemical defense experiments

The preliminary palatability of the sponges was
evaluated by laboratory assays on the generalist
predator fish Thalassoma pavo. Ircinia extracts
and pure metabolites were incorporated in food
preparations following the methods described by
Pawlik (Pawlik et al., 1995; Chanas and Pawlik,
1995). Groups of fish were randomly chosen dur-
ing feeding assays and offered either a treated or
control food pellet, followed by the other choice.

If the second pellet was treated and rejected by
the fish, another control pellet was offered to de-
termine whether the fish had ceased feeding;
groups of fish that would not eat control pellets
were not used in assays. Control and treated pel-
lets were given one at a time to 10 different fish,
kept separately. A food pellet was considered re-
jected if the fish accepted the pellet into the mouth
cavity and then spat it out. The pellet was consid-
ered eaten if swallowed by the fish. Tank assays
were repeated several times in order to establish
a significant number of experiments.
The same set of chemicals, was tested in the field

in areas of Saronicos gulf, and the results of these
assays were found to follow the pattern of the tank
experiments. Control and treated food strips were
prepared according to the same protocol and were
suspended, in pairs, on 50 cm plastic ropes at a
distance ~4Ð12 cm from one end of the rope (the
order was random) and were fastened on rocks at
the depth of approximately 15- 25 meters. The
ropes were let in the sea until at least 50% of the
control strips were consumed. The eaten percen-
tage of the strips was later determined volumetri-
cally.

Antifouling assays

Preparation of the extracts

After collection, samples were rinsed with ster-
ile sea water to remove associated debris. The
clean material was subsequently freeze dried.

Extracts: Aqueous, Ethanol, Dichloromethane.
Aqueous extract: 200 g of the dried sponge were

added in distilled water (50 g/lt) and suspended by
stirring for 2h in an ultrasonic bath at 40C. After
centrifugation and filtration the aqueous solution
was lyophilised.

Ethanol and dichloromethane extracts: A 200 g
sample of the dried sponge was extracted in 300 ml
of 95% ethanol, for five times. The alcoholic ex-
tracts were combined and evaporated under vac-
uum at low temperature (<400C). Distilled water
(100 ml) was then added and partitioned with di-
chloromethane (4 ¥ 100 ml). The aqueous phases
were lyophilised, re-suspended in absolute ethanol
(100 ml), filtered and concentrated under vacuum
(ethanol extract). The organic layers were com-
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bined, dried with Na2SO4, filtered and concen-
trated under vacuum (dichloromethane extract).

Inhibition of marine fungi and marine bacteria
growth

Ten marine bacterial strains were obtained from
the Culture Collection of the University of Quim-
per (LUMAQ, France). Five Gram-positive bacte-
ria were chosen : B1 and B2 (Bacillus isolated
from the surface of Enteromorpha intestinalis), B3
and B4 (Bacillus isolated from the surface of Gi-
gartina sp) and B5 (Bacillus isolated from the sur-
face of Laminaria sp.). Five strains of Gram-nega-
tive bacteria were chosen: B6 (Diplococcus
isolated from the surface of Dilsea carnosa), B8
(Coccus isolated from the surface of Laminaria
sp), B9 and B10 (Rod isolated from the surface of
Ulva sp.).
Antibacterial testing of the extracts was per-

formed by the disc diffusion technique in agar
plated Petri dishes as previously described in Hel-
lio et al., 2001a. Whatman filter paper discs (6 mm
diameter) were initially sterilised at 15 atm pres-
sure for 15 min. A sample consisted of sponge ex-
tract/metabolite (30 µg) diluted in DMSO 5% was
filtered (Millex-GV unit 0.22 mm Millipore pore
size), loaded on each of these discs and was al-
lowed to dry at room temperature for 3 hours.
Bacterial cultures were grown in liquid DIFCO
2216 marine broth overnight, and 0.1 ml samples
of the culture (106 CFU/ml) were spread over the
agar. After incubation for 4 days at 20 ∞C, the ac-
tivity was evaluated by measuring the diameter
(D, in mm) of the inhibition zones around the
discs. Control tests with the solvents were per-
formed for every assay but showed no inhibition
of the microbial growth. In addition, the biocide
TBTO (bis tributyltin oxide) (10 ppm) was used as
positive control to check the sensitivity (Hellio et
al., 2000b). All inhibition assays were carried out
in triplicate.
Five strains of marine fungi (F1-F5) were ob-

tained from the Culture Collection of the Univer-
sity of Portsmouth (G. Bremer, School of Biologi-
cal Sciences, UK). F1 and F2 are unidentified
marine fungi isolated, respectively, from sand col-
lected in Malaysia and from driftwood collected at
the Fleet estuary UK. Corollospora maritima (F3),
Lulworthia sp. (F4) and Dendryphiella salina (F5)

were isolated from driftwood collected, respec-
tively, from Dinas (Wales, UK), Denmark and
Galway. The activity of the sponge extracts and
pure metabolites against the marine fungi was
evaluated using a modified well-agar diffusion
method adapted from Tagg and Mc Given (1971)
as previously described (Hellio et al., 2000b). In
addition, the biocide TBTO (10 ppm) was used to
check the sensitivity (Hellio et al., 2000b).
Determination of the MICs for the bacteria

(NCCLS 1993) and fungi (Shadomy et al., 1985)
was made by the macrodilution method. The
tested extracts’ concentrations were: 96, 48, 32, 16,
8 and 4 µg/mL. Micro-organisms (2 ¥ 108 CFU/
ml) were placed in a liquid medium consisted of
DIFCO 2216 marine agar, containing the extracts/
metabolites for an incubation period of 48h at
20 ∞C. MIC represents the lowest concentration
that inhibits the organism’s growth.

Inhibition of microalgae growth

Diatomophyceae strains were obtained from the
Algae Culture Collection of the University of
Caen and include Amphora coffeaformis (AC-
2078), Phaeodactylum tricornutum (DIA12) and
Cylindrotheca closterium (DIA6). Cultures were
maintained in 100 ml Erlenmeyer flasks under
continuous illumination (400 lux white fluorescent
lamps) at 18 ∞C in Guillard’s F2 medium (Guillard
and Ryther, 1962). Culture media were autoclaved
(120 ∞C, 20 min.) and inoculated under aseptic
conditions. Cultures were checked periodically for
bacterial contamination (Hellio and Le Gal, 1998).
All the following experiments were carried out

in triplicate as previously explained in Hellio et al.
(2001b). Aliquots (15 ml) of Guillard’s F2 medium
were introduced to sterile conical flasks and inocu-
lated with 5 ¥ 105 cells/ml of cultivated microalgae
in exponential growth phase. Extracts and/or me-
tabolites were introduced into the flask leading to
a final concentration of 30 µg/ml. The flasks were
incubated at 18 ∞C with a 12 hour photoperiod
(Gotschalk and Allredge, 1989). Cell growth was
estimated daily, for 5 days, by measurement of
chlorophyll a (Chl-a) (Sawant and Garg, 1995). In
addition, the biocide TBTO (10 ppm) was used to
check the sensitivity.
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Inhibition of macroalgae growth

Antifouling tests were performed against the
macroalgae Enteromorpha intestinalis, Ulva lac-
tuca and Sargassum muticum. Samples were col-
lected in June 1999 in Concarneau Bay, France.
After collection, the material was rinsed, in the
laboratory, with seawater to remove associated de-
bris and sand grains. The clean algae were then
dried by pressing them quickly between paper
towels. The algae were then refrigerated for 3Ð24
hours to maximise the release of the spores
(Fletcher, 1989).

For spore and zygote production, fertile blades
of algae were selected. No specialised culture me-
dium is necessary for the initial growth of spores.
Untreated seawater, from nutrient rich coastal
waters, filtrated through Whatman N∞1 filter and
pasteurised at 72 ∞C was used. The spores after an
incubation at 25 ∞C for 20 min were collected in
a beaker and used for the experiments (Fletcher,
1989). The release and the collections of spores
of Enteromorpha intestinalis & Ulva lactuca and
zygotes of Sargassum muticum were performed as
previously explained in Hellio et al., 2001b.
Petri dishes (35 mm in diameter) were used

throughout the experiment as the substrate for set-
tlement of spores (Hattori and Shizuri, 1996). Test
samples (1 mg) were dissolved in methanol and
spread on the inner surface of the Petri dishes and
dried at room temperature. Each Petri dish, con-
taining 5 ml of Guillard’s F2 medium, was inocu-
lated with approximately 3000 spores. Dishes were
placed in the dark for 2 hrs to allow even settle-
ment of gametes. TBTO (10 ppm) was used as pos-
itive antifouling control.
After incubation for 5 days at 20 ∞C with 24

hours light (400 lux white fluorescent lamps), the
unattached spores were counted on 1 cm2 areas of
each Petri dish using an inverted binocular micro-
scope. The attachment rates were calculated (Hat-
tori and Shizuri, 1996). All experiments were car-
ried out in duplicate.

Inhibition of the blue mussel Mytilus edulis
settlement

The antifouling activity of the extract towards
M. edulis was measured spectrophotometrically by
recording the activity of the phenoloxidase (Hellio
et al., 2000a). The purified enzyme was incubated

at 25 ∞C with 10 mm l-DOPA in 50 mm phosphate
buffer pH 6.8. The phenoloxidase activity was esti-
mated by monitoring the increase of absorbance
at 475 nm. The initial rate of the reaction is pro-
portional to the enzyme concentration. The en-
zyme activity was calculated from the increment
in the absorbance from 30 sec to 1 min after incu-
bation. One unit (U) of enzyme activity was de-
fined as the activity that catalyses the formation
of 1 µmol of dopachrome per min under these con-
ditions. Inhibitors were used at concentrations up
to 30 µg/mL. In addition, the biocide TBTO
(10 ppm) was used as a standard (Hellio et al.,
2000a). All inhibition assays were carried out in
duplicate.

Toxicity tests on oyster (Crassostrea gigas) and sea
urchin larva (Echinus esculentus)

Toxicity tests were realised as previously de-
scribed (Hellio et al., 2000 b).

Results

Chemical defense experiments

The isolation of the metabolites responsible for
the antifeedant activity against the predatory fish
was accomplished using a bioassay-guided frac-
tionation scheme. The defense mechanism of the
sponges was found to rely on the presence of the
major metabolites such as ircinin I and II for I.
oros and variabilin for I. variabilis. The CH2Cl2/
MeOH extract of I. spinosula did not show any
activity (Fig. 1). The active factors of I. oros and I.
variabilis were tested in natural concentrations
and were inhibiting higher than 80% of the fish
feeding (Table I).

Inhibition of marine fungi and bacteria growth

The results of the inhibition of the development
of marine fungi and bacteria by sponge extracts/
metabolites showed varied antimicrobial activity
(Tables II & IV). Although these compounds ex-
hibited a broad spectrum activity as a group, there
was a significant variation on the effects of the
different extracts or metabolites on the tested mi-
croorganisms.
The ethanol fraction of I. variabilis inhibited

specifically the growth of marine fungi. The di-
chloromethane fraction of I. variabilis lead to inhi-



M. Tsoukatou et al. · Chemical Defense and Antifouling Activity of Ircinia Species 165

Fig. 1. Major metabolites of the three investigated Ircinia species.

bition of marine fungi and marine Gram positive
bacteria. The ethanol fraction of I. spinosula inhib-
ited the development of Gram positive and nega-
tive marine bacteria.

The dichloromethane fraction of I. spinosula
and hydroquinone A inhibited all studied marine
strains and in cases at levels as high as the TBTO.
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Table I. Palatability assessment of the three CH2Cl2/MeOH Ircinia extracts and the major metabolites.

Sample Aquaria assays Number of Field assays
(eaten/total pellets) repetitions % Consumption of strips

Control 10 out of 10 7 100
Extract (I. oros) 0 out of 10 7 0
Extract (I. spinosula) 10 out of 10 7 100
Extract (I. variabilis) 3 out of 10 7 15
Mixture of Ircinin I & II 0 out of 10 5 0
Variabilin 1 out of 10 5 5
Hydroquinone A 10 out of 10 5 100
Hydroquinone B 10 out of 10 5 100

Neither the extracts of I. oros nor the mixture
of ircinin I and II showed any inhibition on the
growth of marine fungi and bacteria.
The MICs values are shown in Tables III and V.

The most active metabolite towards marine fungi
and marine bacteria is hydroquinone A which ex-
hibited the lowest value of MIC. The level of activ-
ity for some marine fungi and bacteria are compa-
rable to the activity obtained with TBTO.

Inhibition of microalgae growth

The results of the inhibition on the development
of diatoms by the addition of 30 µg/ml of sponge
extracts/metabolites are presented in Table VI.

Table II. Antifungal activity of the extracts/metabolites
(30 µg).

F1 F2 F3 F4 F5

TBTO 10 ppm +++ +++ +++ +++ +++

I. variabilis
Aqueous extract Ð Ð Ð Ð Ð
Ethanol extract + ++ +++ ++ ++
Dichloromethane extract + ++ ++ ++ ++
Variabilin Ð Ð Ð Ð Ð

I. oros
Aqueous extract Ð Ð Ð Ð Ð
Ethanol extract Ð Ð Ð Ð Ð
Dichloromethane extract Ð Ð Ð Ð Ð
Mixture of Ircinin I & II Ð Ð Ð Ð Ð

I. spinosula
Aqueous extract Ð Ð Ð Ð Ð
Ethanol extract Ð Ð Ð Ð Ð
Dichloromethane extract ++ +++ + ++ ++
Hydroquinone A +++ +++ + ++ +++
Hydroquinone B + + Ð Ð Ð

Ð: no zone of inhibition; +: 1Ð5 mm zone of inhibition;
++: 6Ð9 mm zone of inhibition, +++: more than 10 mm
zone of inhibition.

The highest level of inhibitory activity was ob-
tained with the ethanol extract of I. oros which
is comparable to that obtained with TBTO. Some
inhibitory effects were also exerted by the aqueous
extract of I. variabilis and the ethanol extract of I.
spinosula. None of the pure metabolites exhibited
significant activity.

Inhibition of macroalgae growth

The inhibition on the attachment rates of
macroalgae spores and zygotes is presented in Ta-
ble VII. Most active were the dichloromethane ex-
tracts of I. oros and I. spinosula. The mixture of
metabolites ircinin I and II and hydroquinone A
showed high level of inhibition.

Table III. Determination of the minimum inhibitory con-
centration (MIC) for marine fungi.

F1 F2 F3 F4 F5

TBTO 10 ppm 8 8 4 8 8

I. variabilis
Aqueous extract Ð Ð Ð Ð Ð
Ethanol extract 32 16 8 16 16
Dichloromethane extract 32 16 16 16 16
Variabilin Ð Ð Ð Ð Ð

I. oros
Aqueous extract Ð Ð Ð Ð Ð
Ethanol extract Ð Ð 96 Ð Ð
Dichloromethane extract Ð Ð Ð Ð 96
Mixture of Ircinin I & II Ð Ð Ð Ð Ð

I. spinosula
Aqueous extract Ð Ð Ð Ð Ð
Ethanol extract 96 Ð Ð Ð Ð
Dichloromethane extract 16 8 32 16 16
Hydroquinone A 8 8 32 16 8
Hydroquinone B 32 32 Ð Ð Ð

Ð: MIC > 96 µg/ml.
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Table IV. Antibacterial activity of the extracts/metabolites (30 µg).

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10

TBTO 10 ppm +++ +++ +++ +++ +++ ++ ++ ++ +++ +++

I. variabilis
Aqueous extract Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð
Ethanol extract Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð
Dichloromethane extract ++ +++ + +++ + Ð Ð Ð Ð Ð
Variabilin Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð

I. oros
Aqueous extract Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð
Ethanol extract Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð
Dichloromethane extract Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð
Mixture of Ircinin I & II Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð

I. spinosula
Aqueous extract Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð
Ethanol extract ++ ++ +++ ++ +++ + + ++ ++ +
Dichloromethane extract ++ ++ ++ + ++ ++ + + ++ +
Hydroquinone A ++ +++ +++ + +++ +++ ++ + +++ +
Hydroquinone B + + Ð Ð Ð Ð Ð Ð Ð Ð

Ð: no zone of inhibition; +: 1Ð5 mm zone of inhibition; ++: 6Ð9 mm zone of inhibition, +++: more than 10 mm
zone of inhibition.

Table V. Determination of the minimum inhibitory concentration (MIC) for marine bacteria.

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10

TBTO 10 ppm 8 4 4 8 8 8 4 4 4 8

I. variabilis
Aqueous extract Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð
Ethanol extract Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð
Dichloromethane extract 16 8 32 8 32 Ð Ð Ð Ð Ð
Variabilin Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð

I. oros
Aqueous extract Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð
Ethanol extract Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð
Dichloromethane extract Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð
Mixture of Ircinin I & II Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð

I. spinosula
Aqueous extract Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð
Ethanol extract 16 16 8 16 8 32 32 16 16 32
Dichloromethane extract 16 16 16 32 16 16 32 32 16 32
Hydroquinone A 16 8 8 32 8 8 16 32 8 32
Hydroquinone B 32 32 Ð Ð Ð 96 Ð Ð Ð 96

Ð: MIC > 96 µg/ml.

Inhibition of the blue mussel Mytilus edulis
settlement

The results are summarised in Table VIII.
Among the 9 tested extracts, only the ethanol ex-
tract of I. oros exhibited significant inhibition of

the phenoloxidase activity (68%). None of the
pure metabolites reduced the enzymatic activity.

Toxicity tests on oyster (Crassostrea gigas) and sea
urchin larva (Echinus esculentus)
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Table VI. Effect of extracts/metabolites (30 µg/ml) on the growth of diatoms.

A. coffeaformis P. tricornutum C. closterium

TBTO +++ +++ +++

I. variabilis
Aqueous extract + + +
Ethanol extract Ð Ð Ð
Dichloromethane extract + Ð Ð
Variabilin Ð Ð Ð

I. oros
Aqueous extract Ð Ð Ð
Ethanol extract ++ ++ +++
Dichloromethane extract Ð Ð Ð
Mixture of Ircinin I & II Ð Ð Ð

I. spinosula
Aqueous extract Ð Ð Ð
Ethanol extract ++ + +
Dichloromethane extract Ð Ð Ð
Hydroquinone A Ð Ð Ð
Hydroquinone B Ð Ð Ð

Ð: no inhibition; +: 1Ð30% of inhibition; ++: 31Ð59% of inhibition; +++: �60% of inhibition. TBTO is used as
positive antifouling control.

Table VII. Inhibition on the attachment rate of macroalgae.

E. intestinalis U. lactuca S. muticum

TBTO +++ +++ +++

I. variabilis
Aqueous extract ++ + +
Ethanol extract Ð Ð Ð
Dichloromethane extract Ð Ð Ð
Variabilin Ð Ð Ð

I. oros
Aqueous extract Ð Ð Ð
Ethanol extract + + Ð
Dichloromethane extract ++ ++ ++
Mixture of Ircinin I & II +++ +++ ++

I. spinosula
Aqueous extract Ð Ð Ð
Ethanol extract Ð + +
Dichloromethane extract ++ +++ ++
Hydroquinone A ++ +++ +++
Hydroquinone B + + +

Ð no inhibition; +: 1Ð30% of inhibition; ++: 31Ð59% of inhibition; +++: �60% of inhibition. TBTO is used as
positive antifouling control.

Toxicity tests were performed against non target
species of oyster and sea urchins (Crassostrea gigas
and Echinus esculentus) and showed insignificant
toxicity levels (5Ð10% mortality) with concentra-
tions of 500 µg/ml whereas TBTO caused 100%
mortality with concentrations of 30 µg/ml.

Discussion

The chemical defense strategy of the three Ir-
cinia species was tested in experimental aquaria as
well as in the field. The assays were performed on
the organic extracts of the sponges, as well as in
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Table VIII. Inhibition of the phenoloxidase activity in
M. edulis.

Compound Inhibition of the
phenoloxidase activity

TBTO 10 ppm +++

I. variabilis
Aqueous extract Ð
Ethanol extract Ð
Dichloromethane extract Ð
Variabilin Ð

I. oros
Aqueous extract Ð
Ethanol extract ++
Dichloromethane extract Ð
Mixture of Ircinin I & II Ð

I. spinosula
Aqueous extract Ð
Ethanol extract +
Dichloromethane extract Ð
Hydroquinone A Ð
Hydroquinone B Ð

Ð: 0Ð25% of inhibition; +: 26Ð50% of inhibition; ++:
51Ð75% of inhibition; +++: 76 to 100% of inhibition.

the chromatographically separated fractions and
pure metabolites.
The CH2Cl2/MeOH extract of I. spinosula,

which contains mainly polyprenylated hydroqui-
nones, was found to be inactive in the field as well
as in aquaria experiments. The major metabolites
were tested and were found to be inactive as ex-
pected.
The CH2Cl2/MeOH extract of I. variabilis was

highly deterrent to fish, both in the tank and in
the field assays. Variabilin, the major metabolite
of the sponge was found to be responsible for the
defense of this sponge. Variabilin was first isolated
in 1973 from I. variabilis (Faulkner,1973).
The CH2Cl2/MeOH extract of I. oros was also

found to be highly unpalatable. Vacuum flash
chromatography of the crude extract of I. oros re-
sulted in 16 fractions of increasing polarity. On the
basis of TLC analysis, it was determined that some
fractions shared the same compounds; these were
combined and subjected to aquarium and field as-
says. From fractions 6Ð10 ircinin I and II, the ma-
jor furanosesterterpenes constituents of the spe-
cies, were isolated as a mixture, assayed and were
found to be the deterrent factors of the extract.
Ircinin I and II were first isolated from sponges of

the genus Ircinia (Cimino et al., 1972). Although
these furanosesterterpenes have been observed as
constituents from diverse sources, their role in
predator defense had not previously been demon-
strated.
All tested extracts besides the aqueous, signifi-

cantly inhibited fouling. These extracts can be con-
sidered as anti-settlement agents. Significant bio-
activity has also been reported from other
screening strategies (Huysecom et al., 1985;
McCaffrey and Endean, 1985; Thompson et al.,
1985; Amade et al., 1987 ; Munro et al., 1989; Uriz
et al., 1992; Willemensen, 1994; Sera et al., 1999;
Mihopoulos et al., 1999; Takur and Anil, 2000).
The most active extracts (dichloromethane ex-

tracts of I. oros and I. spinosula) gave promising
inhibition on the attachment rate of E. intestinalis,
U. lactuca and S. muticum at 30 µg/mL. This is a
particularly promising result, since algae are often
the most difficult organisms to control (Willem-
ensen, 1994) and can be resistant even to tin and
copper antifouling paints (Evans, 1990).
The strong antimicrobial activity of the dichlo-

romethane extract of I. spinosula (against marine
fungi and bacteria) and the ethanol extract of I.
oros (against the diatoms) can be useful in the pre-
vention of biofilm formation. Biofilms are an im-
portant step in the biofouling process (Holmström
and Kjelleberg, 1994; Willemensen, 1994) and pro-
vide a supporting substrate for the subsequent at-
tachment of other fouling organisms. The reduc-
tion of this layer is fundamental for the effective
control of biofouling (Hellio et al., 2000b). In addi-
tion, marine bacteria and marine fungi are collo-
cated with corrosion products (Little et al., 1999).
The extended degree of bacterial (Barkay, 1987),
fungal (Duxbury and Bicknell, 1983) and diatom
(Jackson, 1991) resistances to heavy metals shows
the urgency for new antifouling products.
Mussels are among the major fouling macroor-

ganisms that cause serious problems by settling on
man-made surfaces. Mytilus edulis attaches to the
substrate by means of adhesive plaques connected
to a stem of byssus. Theses plaques are thought
to be produced by the action of a phenoloxidase
(Waite, 1987). The ethanol extract of I. oros lead
to a high level of inhibition of the enzymatic activ-
ity of the phenoloxidase, whereas the ethanol ex-
tract of I. spinosula moderately inhibits the activ-
ity of the enzyme.
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Most of the extracts exhibited significant activ-
ity against fouling, with strong effect on the three
major groups of fouling organisms (micro-organ-
isms, algae and invertebrates). Since every anti-
fouling coating must work against a range (De Nys
et al., 1995) of fouling organisms, the above activi-
ties are promising. As far as we know this is the
first broad spectrum evaluation of the antifouling
activities of sponge extracts and metabolites.
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