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O mecanismo de defesa contra predadores no octocoral brdsiirogorgia violacedoi
investigado através de ensaios de preferéncia alimentar em campo frente a predadores. Os ensaios de
palatabilidade com o extrato bruto da gorgdnia demonstraram que seus metabdlitos secundarios
possuem atividade deterrente significativa frente a peixes generalistas. O fracionamento do extrato
bruto, guiado pelos ensaios em campo, revelou que uma mistura complexa de furanocembranolideos
€ a responsavel pela defesa quimicd..deiolacea O diterpeno lophotoxinal) foi a principal
substancia isolada, seguida por outras duas similares, deoxilophoR)»énE3facetoxi-183,123-
epoxipukalideo J), além de dois furanocembranolideos inéditos na literatura, 7-acetoxi-8-
hidroxilophotoxina 4) e 3-metoxi-8-hidroxilophotoxinb). A lophotoxina 1), uma importante
neurotoxina, originalmente isoladaldeigida do Pacifico, demonstrou ser a mais potente dentre as
substancias fagoinibidoras presentes no extrato bruto. Por outro lado, os outros quatro
furanocembranolideos isolados também parecem contribuir, de maneira aditiva, para a atividade
total observada. Estes resultados corroboram estudos prévios, confirmando que furanocembranolideos
sdo uma classe de substancias de defesa frente ao consumo por peixes em ambientes tropicais e
temperados.

The chemical defenses of the Brazilian gorgonian octodayphogorgia violacedPallas
have been investigated using feeding preference experiments periositedith an ecologically
relevant, natural assemblage of predatory fishes. Feeding experiments incorporating the crude
extract of the animal into palatable foods showed that the organic constituéntsiafcea
provide a powerful chemical deterrence toward consumption by generalist fish carnivores. Bioassay-
guided fractionation of the extract and evaluation of the fractions and purified compounds obtained
in the samén situassay revealed that a complex mixture of furanocembranolides was responsible
for the overall feeding deterrence observed. The most potent feeding deterrent identified was
lophotoxin (), followed by two previously reported and structurally related compounds,
deoxylophotoxin 2), and 13-acetoxy-13,12B3-epoxypukalide ), as well as two new
furanocembranolides: 7-acetoxy-8-hydroxylophotoXingnd 3-methoxy-8-hydroxylophotoxin
(5). Lophotoxin (), a neurotoxin originally isolated from the Pacific gorgonianrigida, was
the most potent feeding deterrent among the furanocembranolides isolated. However, the four
other related furanocembranolid@s5) appear to contribute, in an additive manner, to the overall
deterrent effects observed. These results add to earlier studies providing further evidence that
compounds of this structural class provide effective chemical defenses against fish predators in
both temperate and tropical environments.

Keywords: Cnidarig Lophogorgia violacegfuranocembranolides, marine chemical ecology,
feeding deterrents
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Introduction the additive effects of an eunicellane diterpenoid and a
sesquiterpene lactone, heterogorgiolide, isolated from the

Gorgonian octocorals (Gorgonaceae, Octocorallia) are bioactive crude extratt
a unique group of marine cnidarians, which thrive in As part of our continuing interest in the natural products
tropical to warm temperate oceans, being most abundant chemistry and chemical ecology of Brazilian marine
and diverse in shallow Caribbean waters. Diverse from the invertebrate¥*16.21-25 e have investigated the chemistry
stony corals, they do not have an external calcium and feeding deterrence propertiesophogorgia violacea
carbonate skeleton, but calcitic sclerites embedded in their Pallas, an endemic species occurring in the southeast regions
coenenchyme that are thought to serve as structural supportof Brazil8. In this report, we describe the isolation and
for the colony-2 Despite their relative abundance in coral identification of the secondary metabolites (Figure 1)
reefs, habitats characterized by high levels of predation responsible for the observed deterrence.
and nutrient scarcity, octocorals seem to be free of
predation with the exception of some specialist consumers
(e.g. polychaetes, mollusks, and butterflyfisHes)
Explanations for the low predation rates on gorgonians
may include both physical and chemical defenses but only
very recently have relevant laboratory or field experiments
been employed to test these hypothéses

Sclerites fronPseudopterogorgia aceroswmve been
demonstrated to deter predation in field as3aysis
study indicated the important role that structural elements
can play in the defense against some potential consumers
in gorgonians corals, or why some gorgonian specialists
fishes (e.g. chaetodontids) consume only the polyps and
not the coenenchyrde N

Chemical defense, however, has been the primary _\\o
explanation for the relative lack of predation in gorgonian 4 5
corals. Such experiments have identified a large number of Figure 1. Furanocembranolides fromophogorgia violacea.
crude octocoral extracts that are avoided by co-occurring
fishes. Th.ese stu.dieg involved at- least 28 sp.ecies Experimental
(Anthonellidae, Briareidae, Gorgonidae, Nephteidae,

7 OAc

Plexauridae and Alcyonidae) of Caribbé’d‘nlo, General procedures
Pacifict1:12 western North Atlanti®® and, recently, . _ .
Brazilian specie¥15 Although the results obtained Normal phase HPLC was carried out on a semipreparative

revealed a high incidence of crude extracts causing fish silica gel column (Dynamax column) using a Waters model
avoidance, to date only ten different natural pure compounds, 510 pump and a model 401 differential refractometer detector.
including sesquiterpenes, diterpenes and acetogenins, NMR spectra were recorded in CRGlolution on Varian
isolated from eight chemically defended octocoral species, UNity 500 MHz, Bruker 200 and 300 MHz spectrometers. IR
have proven to be authentic feeding deterfeht8.12-15 spectra were recorded on a Perkin-Elmer model 1600 (FTIR)
The extensive Brazilian coastline is rich in marine SPectrometer. Mass measurements were obtained using a HP
organisms, but assessments of ecological roles of their 2989A mass spectrometer. UV spectra were obtained on a
natural products have been rare and restricted to only a Shimadzu model 1601 spectrophotometer. Optical rotation
few studied4-2L Recently, investigation of the chemical ~©f compoundtwas measured on a Perkin-Elmer 243B5(D
defenses in two Brazilian gorgonians revealed that different = 289 hm£=1.0, CHC), while that o was measured on a
compounds, like the Caribbean species studied, are JASCO DIP-370 (B5=589 nmc = 1.0, CHC}). Corrected
responsible for their chemical defense. Although several Melting points were determined on a Thomas-Hoover
compounds have been isolated frddhyllogorgia capillary melting point apparatus.
dilatata?l only the diterpene ,12B-epoxypukalide
showed deterrent activity in field ass&{isLikewise,
investigation of the Brazilian gorgonigtieterogorgia Colonies ofLophogorgia violacedPallas 1766a
uatumanidemonstrated that defenses were derived from species endemic to southeast Brazilere collected

Octocoral collection
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using SCUBA at 10-12 meters depth at Arraial do Cabo, (C-13), 77.0 (C-10), 104.0 (C-5), 111.0 (C-16), 123.0
Rio de Janeiro state, Brazil on March, 1994. The specimens (C-4), 134.0 (C-12), 148.0 (C-15), 149.0 (C-6), 151.0

were frozen immediately after collection. (C-11), 163.0(C-3), 170.5 (C-20), 170.5 (C-21), 184.0 (C-18).
Compound 2% 1H NMR (500 MHz, CDC}) 80.99 (s,
Extracts, fractions and pure compounds H-19), 1.30 (m, H-14a), 1.89 (s, H-12)00 (s, H-22), 2.20

(m, H-9a),2.50 (m, H-14b)2.90 (m, H-2a), 3.00 (m, H-2b),
3.80 (s, H-23), 3.90 (m, H-1), 4.09 (s, H-7), 4.88 (br s, H-
16b), 4.99 (br s, H-16b), 5.25 (br s, H-1R80 (d J 8.0 Hz,
H-13), 6.40 (s, H-5), 7.28 (s, H-18fC NMR (50 MHz,
CDCl5) 619.6 (C-19), 20.5 (C-22), 20.7 (C-17), 34.2 (C-2),
35.8 (C-14), 36.7 (C-1), 39.8 (C-9), 51.3 (C-23), 54.9 (C-
7), 68.7 (C-13), 56.7 (C-8), 76.3 (C-10), 106.8 (C-5), 110.9
(C-16),114.0 (C-4), 135.0 (C-12), 148.1 (C-15), 148.9 (C-
6), 150.9 (C-11) 160.0(C-3), 164.2 (C-UBREIMS (70eV)
m/z430 (MF, 13), 398 (7), 370 (38), 338 (38), 165 (65), 84
(100).

Compound 4white crystals from 1:1 hexane:ethyl
acetate, m.p. 254-25€; [0]%%, -13° (c 1.0, CHC}); IR
Vma/Ccmr! 3460, 1780, 1730, 1670 (filmyH and 13C
NMR see Table 1; LREIMS (70e\)/z476 (M, 3), 434
(11), 416 (18), 374 (3), 356 (5), 338 (5), 279 (12), 237 (27),
180 (43), 138 (100); HRFABMS (MNJY): Foundm/z
494.204000; Calc. for £H3,0,0N, 494.202622.

Compound 5white amorphous solid, m.p. 172-1%5;
[a]2%, -19C° (c 1.0, CHCY); IR v, /entt 3450, 1770,
1720, 1670 (film); UVA,,,/nm (MeOH) 320 nmg(1.5 x
103); IH and13C NMR see Table 1; LREIMS (70eW/z
448 (M, 11), 430 (16), 419 (31), 401 (20), 341 (33), 256
(19), 182 (90), 165 (100), 149 (64), 121 (81), 95 (83), 79
(75); HRFABMS (MNH;,*): Foundm/z466.209900; Calc.
for Cy3H3,0gN, 466.207707 .

Freeze driedLophogorgia violacea(758 g,
corresponding to 810 chof fresh gorgonian) was cut into
small pieces and extracted at room temperature with 3:7
methanol:dichloromethane (once) and pure dichloro-
methandtwice) solvent mixtures. Organic extracts were
combined and evaporated under reduced pressure
affording 18 g of a brownish gum. The crude extract was
fractionated by silica gel (300 mesh) vacuum flash
chromatography, employing a gradient ranging from 10
to 100 % of ethyl acetate in isooctane, to yield five fractions
(Fractions A-E). All of them were analyzed by silica gel
thin layer chromatography and Bt NMR spectrometry.
Part of fractions B and C was further purified by normal
phase HPLC (EtOAc:isooctane 1:1), to yield pure
lophotoxin (L, 162.6 mg, 0.09% dry weight),
deoxylophotoxin 2, 32.1 mg, 0.03% dry weight),
13-acetoxy-1[,123-epoxypukalided, 9.4 mg, 0.01% dry
weight) and 7-acetoxy,8-hydroxylophotoxi, 1.2 mg,
0.005% dry weight). Purification of part of fraction D by
normal phase HPLC (4:6 hexane:ethyl acetate) furnished
compound (28.4 mg, 0.02 % dry weight).

Lophotoxin (13”: H NMR (200 MHz, CDC})  1.14
(s, H-19), 1.73 (m, H-14a), 1.90 (s, H-17), 2.05 (s, H-22),
2.08 (m, H-9a), 2.49 (m, H-9b), 2.49 (m, H-14b), 2.90dd,
17.0 and 12.0 Hz, H-2a), 3.07 (dd17.0 and 4.0 Hz, H-
2b), 3.90 (dtJ12.0 and 4.0 Hz, H-11), 4.09 (d1.0 Hz, H-

7), 4.18 (s, H-11), 4.81 (dd,4.4 and 2.8 Hz, H-10), 4.91
(m, H-16a), 4.93 (br s, H-16b), 4.984d,.2 Hz, H-13), 6.57

(d, J 1.0 Hz, H-5), 9.87 (s, H-18¥3C NMR (50 MHz, Food strips were prepared using the established
CDCly) 5 20.2 (C-19), 20.4 (C-22), 21.1 (C-17), 31.6 (C- methodology-8:14.16 which involved homogenizing 2.5
14),32.9 (C-2), 36.3 (C-1), 39.0 (C-9), 55.2 (C-7), 55.9 (C- g carrageenan (Sigma C-1013 type 1), 28 commercial
8),61.1 (C-12), 64.0 (C-11), 70.2 (C-13), 76.4 (C-10), 123.0 tunafish puree (packed in oil) in 60 of water. In separate
(C-4), 105.6 (C-5), 111.0 (C-16), 148.1 (C-15), 149.7 (C- experiments, crude gorgonian extract and fractions were
6), 161.7 (C-3), 170.2 (C-20), 184.3 (C-18); LREIMS (70 volumetrically reconstituted in a matrix of the carrageenan-
eV)m/z 416 (M, 16), 374 (3), 356 (22), 341 (3), 313 (3), based food at the same concentration as they occurred in
137 (83), 83 (100). the gorgonian fresh tissues (final volume of 60%cm

Deoxylophotoxin (2P : IH NMR (500 MHz, CDC}) Compoundl was assayed in two different concentrations
50.95 (s, H-19), 1.23 (d,15.0 Hz, H-14a), 1.88 (s, H-17), (0.9 and 1.5 mg crd). For each experiment, 20 treated and
1.99 (s, H-22),2.18 (dd,15.0 and 3.0 Hz, H-9a), 2.53 (m, 20 control strips (1.0 x 0.6 x 5.0 cm each) were arranged in
H-9b), 2.55 (m, H-14b), 2.97 (m, H-2), 4.04 @1,0.0 and pairs and attached to 20 ropes. The ropes were anchored
6.5 Hz, H-1), 4.09 (s, H-7), 4.89 (s, H-16a), 5.00 (s, H-16b), slightly above the bottom near to the same site the
5.24 (br s, H-10b), 5.83 (d,6.5 Hz, H-13), 6.42 (s, H-5), L. violaceacolonies were collected. Within 3 hr the ropes
7.30 (s, H-11), 9.84 (s, H-18PC NMR (50 MHz, CDC}) were retrieved and the amount of each strip eaten was
019.0 (C-19), 19.5 (C-22), 19.8 (C-17), 32.5 (C-2), 34.8 measured. During the experiments, several common
(C-14), 36.0 (C-1), 39.3(C-9), 54.3 (C-7), 56.0 (C-8), 68.0 tropical fishes, well known to occur in the studied area,

Palatability assay
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were observed feeding on the test strips. These included,

but were not limited tdHalichoeris poeyi(Labridae),
Diplodus argentus(Sparidae),Monochantussp.
(Balistidae), and Sphoeroides testudineus
(Tetraodontidae’. Field assays and underwater

Epifanioet al.

J. Braz. Chem. Soc.

two or three bond correlation§3(]CH) between all carbons
and hydrogens in the structure (Table 1). The data obtained
revealed tha# was a furanocembranolide closely related to
lophotoxin (L) with a unique feature: the presence of a 7-
acetoxyl-8-hydroxyl moiety instead of the 7,8-epoxy group,

observations were performed using a portable surface air contained in the majority of the known furanocembranolides.

supply diving apparatus. The Wilcoxon paired-sample test
was used to analyze the results (onehil)

Results and Discussion

Isolation and structure elucidation of diterpenes

Specimens of the gorgonidn violaceacollected at
Arraial do Cabo, RJ, were immediately frozen and freeze
dried prior the extraction with dichloromethane and
methanol. The combined extracts were fractionated by
vacuum flash chromatography on silica gel to yield five
fractions. Proton-NMR analysis revelead that fractions B
and C were rich in furanocembranolides by the
characteristic deshielded signals betwégrf.0 to 10.0
and 4.0 to 7.0. Subsequent purification of fraction B by
normal phase HPLC, using 1:1 isooctane:ethyl acetate,
afforded compounds, 2and3. Purification of fraction C
by normal phase HPLC using the same solvent system
also yielded compoundsand?2, along with the diterpene
4. Compound5 was obtained by HPLC purification of
fraction D (normal phase, 4:6 hexane:ethyl acetate).

The spectral data obtained of compouhedswere in
agreement with those reported in literature for lophotoxin,
deoxylophotoxin and 13-acetoxy{3,123-epoxypukalide,
respectively’-29.32

The 23], cross peaks observed in the HMBC spectrum
between the acetyl carbonyl carbodatl69.7 (C-23) and
the hydrogens of the methyl groupgt2.13 (s, H-24) and
the methine at 6.18 (s, H-7), as well as between the carbon
signal ad 73.6 (C-8) and the hydrogensgt6.18 (s, H-7),
1.75 (dd,J = 15.0 and 6.0 Hz, H-9b) and 1.41 (s, H-19)
confirmed the 7-acetoxyl, 8-hydroxyl substitution pattern.
The relative stereochemistry #fvas deduced based on the
coupling constants between H-9b, H-10 and HIHEIH
NOESY (300 MHz, CDGJ) data and comparison with
literature observations obtained for related compoiinds

Although nuclear Overhauser enhancements recorded
for flexible molecules such dsare often unreliable in the
determination of relative stereochemistry, the correlations
observed between the signalséat 1.41 (H-19), 1.75
(H-9b), 4.07 (H-11), 4.81 (H-10), 6.18 (H-7) and 6.66 (H-5)
provided reasonable evidence to support the structure
assigned in Figure 1.

Compound was obtained as a white amorphous solid
(m.p. 172-179°C, [0]p25 -19° (c 1.0, CDC})) after the
purification of fraction D. The molecular formula®ivas
assigned as £H,50q by HRCI mass spectroscopy
(IMNH 4]* m/zfound 466.209900, calc. 466.207707) and
combined NMR experiments. HBBD and PENDARC
NMR experiments revealed thatcontained four methyl
groups, four methylene (3%gnd 1 sp), seven methine (4

The structures and relative stereochemistries of the new sp3 and 3 sp) and eight quaternary carbon atoms (3 sp

diterpenesgt and5 were established by 1D and 2D NMR
experiments, includingH-1H-COSY, 1H-1H-NOESY,
HMQC and HMBC. ThéH and!3C NMR chemical shifts
assignments are shown in Table 1 for the cembranalides
and5, which are described here for the first time.
Compound4 was isolated as white crystals from
hexane:ethyl acetate (m.p. 254-298, [a]p2° -13°
(c1.0, CDC})) with molecular formula §3H,50, o by HRCI
mass spectroscopic data ([MNHm/zfound 494.204000,
calc. 494.202622) and combined NMR methods. The IR
spectrum of4 revealed absorptions assigned to hydroxyl
(3460 cmt), y-lactone (1780 crd), ester (1730 crb) and
aldehyde (1670 cr functionalities. Carbon-13 NMR
experiments (HBBD and PEDANT) indicated the presence
of four methyl groups, four methylene (3smd 1 sp),
seven methines (5%and 2 sp) and nine quaternary carbons
(2 spand 7 sf). The HMQC and HMBC experiments
established, respectively, the direct correlatitig,() and

and 5 sp). The IR absorption at 3450 chsuggested the
presence of a hydroxyl group and the absorption bands at
1770 and 1720 crh coupled with NMR data, confirmed
the presence ofi,3-epoxyy-lactone and acetate ester
functionalities. The presence of a methoxyl group was
indicated by'H and13C NMR signals ady, 3.04 (3H, s)
andd. 50.8 (CH). The a,B,y,0-unsaturated aldehyde
functionality was deduced by an UV absorbance at
320 nm € 1,500, calc. 327 nm), and by HMBC cross peaks
observed between the signalat150.0 (C-6)9, 7.14
(H-5) and 5.35 (H-7) and betwedp 71.6 (C-8)0y 5.35
(H-7) and 1.54 (H-19). These data suggestedihas a
methanol adduct of lophotoxirl)( The position of the
methoxyl group in C-3 was confirmed by HMBC
correlations betweed. 115.0 (C-3) andy 3.04 (H-23),
9.73 (H-18) and 7.14 (H-5). The assignment of the hydroxyl
carbon bearing at C-8 was also corroborated by HMBC
correlations betweed, 71.6 (C-8) withd 5.35 (H-7) and
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1.54 (H-19). As for the diterpeAgthe relative stereochemistry 100 - O Control
of 5was proposed on the basis'dfH coupling constants, 90 1 M Treated
by 1H-IH NOESY experiments (300 MHz, CDgland c 801 l
comparison with literature d&ta29.33 £ 701
The use of methanol during the extraction procedu ; 601
might suggest tha is an artifact product from lophotoxin S 50:
(1). To test this hypothesis, a solution of lophotoxin it & gg,
methanol was left at room temperature for 24 hours and th 20 1
analyzed by TLC an#H NMR. This experiment revealed 101
that lophotoxin {) in contact with methanol afforded a 0
complex mixture of more polar compounds, among whic CE FB FC  FBC 1a 1b
5 was observed by several signals betw®eB.0 and 3.5 N= 19(20) N = 16(19) N = 16(20) N = 15(15) N = 18(19) N = 16(16)
which appeared in th’le-| NMR spectrum. HOWGVGI’, crude P <0.0001 P=0.3337 P =0.0817P = 0.0500 P = 0.3547 P = 0.0038

extracts prepared with 100% dichloromethane or Figure 2. Consumption by co-occurring fishes of paired carrageenan
dichloromethane:methanol (7:3) had exactly the same based food-strips with (treated) and without (conttalyviolacea

. . crude extracts QE: ¢ 22.2 mg cm3), semi-purified fractions
appearance itH NMR spectra and TLC analyses, leading (B: ¢ 2.3 mg cmd, C: ¢ 1.2 mg cmd, BC: ¢ 3.5 mg cm?), and
us to conclude that the extraction method was not lophotoxin @) (1a: ¢ 0.9 mg cmd, 1b: ¢ 1.5 mg cm?). Error bars

responsible for the methanol incorporation in lophotoxin represent SDN = no. of paired treated and control strips used in
statistical analysis (parentheses indicated no. of pairs retrieved of

Although differentLophogorgiaspecies collected at 59 geployed)P = probability calculated with the Wilcoxon paired-
southwestern coast of California and Mexico yielded sample test, one-tailed.

furanocembranolides, this is the first report of this class of

compounds from a Brazilian spe@é3g8 A previous study deter predation (Figure 2 = 0.3337 and 0.0817,
of Lophogorgia puniceaalso collected in the vicinity of  respectively). However, food pellets containing the
Rio de Janeiro, afforded only common 3-hydroxy sterols, mixture of fractions B and C showed significant deterrent

hydroquinone and punicig activity (P = 0.0500).
o Four furanocembranolides-@) were isolated from these
Palatability field assays fractions, and lophotoxinl( Figure 1) was the major

compound. Due to limitations of the amount of each
compound available for field assays, we could only test
the activity of lophotoxinX) under natural conditions.

It was difficult to estimate the natural concentration of
lin L. violaceatissue, mainly because the purification of
the diterpenes involved loss of metabolites and the
techniques employed may had resulted in metabolite
degradation (e.g. the formation Bf. To increase the
confidence of the assays, we tested lophotoxin in two
different concentrations. In the first experiment
| (0.9 mg cm3) we used the amount of pure lophotoxih (
obtained from the crude extract. The second concentration
(1.5 mg cm3) was an estimative of the natural
concentration, taking into account the probability of
artifact formation (e.g5) and a 20% loss of lophotoxin
during the purification process. Our results showed that
lophotoxin was active only when assayed at the higher
concentration® = 0.0038, Figure 2). Nevertheless, this
concentration (1.5 mg cRequal to about 0.7% dry weight
pellet) was less then those used in the assdyard?. In
earlier studies, the diterpefi@vas shown to deter feeding
of generalist fishé4 at a concentration of 2 % dry weight,
while 7 induced vomiting in killifisA3 after incorporation
on gelatin pellets at a concentration of 2 mg3cm

Organic crude extract of the Brazilian Gorgoniidae
Lophogorgia violaceavas unpalatable to a natural
assemblage of reef fishes in the field. The extract, when
incorporated into a tuna fish flavored carrageenan matrix,
significantly inhibited feeding by fishes in comparison
with controls (Figure 2P < 0.0001).

In order to identify the metabolite(s) responsible for
the feeding avoidance observed, we fractionated the crude
extract and obtained five mixtures of compounds with
different polarities (Fractions A-E). Fractions B and C were
rich in furanocembranolide diterpenes, a class of natura
products comprising over 16 diterpenoids which has been
exclusively isolated from octocorafs 27-29.33-38 Only
three of these compounds have been previously
investigated as icthyodeterrents (Figureli23}4
Compounds6, 7 and 8 (Figure 2) were isolated,
respectively, from Guam specimensSifularia maxima
(Alcyonacea}!, Leptogorgia virgulatafrom North
Carolina coas and the Brazilian endemic gorgonian
Phyllogorgia dilatatd#21 All of them proved to have
icthyodeterrent activity when assayed in aquaria or under
natural conditions in the field. The mixture of diterpenes
in fractions B and C, when evaluated individually, did not
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Figure 3. Ichtyodeterrent furanocembranolides from Octocorallia.

The fish species observed during our experiments were
the same that were observed inithsitu palatability assay
using 8, isolated fromPhyllogorgia dilatatd4. The
furanocembranolid® was deterrentR < 0.0001) at a
concentration of 0.31 mg cfn

These results led us to conclude that a mixture of diverse
furanocembranolide diterpenes, with lophotoxipgs the
major metabolite, is responsible for the potent feeding
deterrent effects observed for theviolaceacrude extract.
Indeed, it appears common that the overall effects of
deterrence are derived not by a single compound, but by
complex mixtures of metabolites, whose additive effects
provide amazingly effective defenses against pred&tors

Furanocembranolides have been previously isolated from
several species of the orders Alcyona&au(aria abrupta
S. polydactylaS. dissectaand Gersemia rubiformjsand
Gorgonacealophogorgia albal. cuspidatal. rigida, L.
chilensis Leptogorgia setaced@seudopterogorgia acerosa
and Phyllogorgia dilatatg 21.27-29,33-38 Tg date,
compound£, 4 and5 have only been found lrophogorgia
species. Compoundk and 3 are common to several
Lophogorgiaspp.from the southwestern coast of California
and Mexic728 and are also found in the alcyonacean
Sinularia polydactylarom Australi&®.

Our results, combined with previous studie¥} and
coupled with the wide distribution of the
furanocembranolides, suggest that this class of diterpenoids
is responsible for the defenses of diverse octocorals from
both tropical and temperate marine communities.
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