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ABSTRACT

This paper reports on the defensive chemical ptigseof the marine tropical brown seaweed
Canistrocarpus cervicorniggainst herbivory. A natural concentration of thcbhmethane crude
extract (DCE) obtained from this seaweed signifilyarinhibited feeding by the sea urchin
Lytechinus variegatusThe major metabolite isolated from this activeED€xtract was identified as
the (R 7R,149)-4a,70-diacetoxy-14-hydroxydolast-1(15),8-diene that sglg inhibited feeding by
the same sea urchin. This result suggests thatidhestane diterpenes class may constitute the
defensive system of. cervicornisagainst herbivory, and probably also of that ofeotbrown
seaweeds endowed with a biosynthetic pathway capElpproducing compounds of the dolastane-
type, a typical skeleton found in Dyctioteae speei@ridwide. This is the first report showing this
compound-type (dolastane diterpenes) as a cheihéfahse against herbivory in marine seaweeds.
This study constitutes an additional report broaderthe known spectrum of action and roles of
secondary metabolites of tle cervicornisand Dyctioteae species.

REesumo

Este artigo demonstra a quimica defensiva antihmih da macroalga parda marinha
Canistrocarpus cervicorniSEm sua concentracé@o natural, o extrato bruto ielardmetano (DCE)
inibiu significativamente o consumo alimentar doigardo-marLytechinus variegatu®este extrato
em DCE foi isolado o metabdlito majoritario ideitifdo como o diterpeno R7R,14S)-4a,70-
diacetoxi-14-hidroxidolasta-1(15),8-dieno. Essesultados comprovam que diterpenos da classe
dolastano podem compor o sistema defensivo aribireeia deC. cervircornise, supostamente, o
de outras algas pardas capazes de produzi-losyemgue sdo composto tipicos encontrados em
esqueletos de Dyctiotas em todo o mundo. Este éneeipo estudo demonstrando a acdo anti-
herbivoria desta classe de metabolitos (diterpethmiastanos) em macroalgas marinhas. Tais
informag8es ampliam o conhecimento sobre o paEsledemetabolitos especiais €mcervicornise

de espécies de Dyctiotae.

DescriptorsCanistrocarpus cervicornjsChemical defenses, Dolastanes, Diterpenes.
DescritoresCanistrocarpus cervicornjDefesas quimicas, Dolastanos, Diterpenos.

INTRODUCTION of these herbivores such as fishes, sea urchiabgscr
and gastropods affect seaweed communities and their
Marine seaweeds produce a wide variety offynamics profoundly (JOHN et al., 1992), because
secondary metabolites such as terpenes, steroldlg€ guantities of seaweed biomass can be consumed
polyphenols, acetogenins and others (BLUNT et al€SPecially in tropical environments. To avoid,
2010). Several recent studies have revealed timag so MinNiMize, or tolerate the damage caused by herpjvor

of these compounds function as chemical defenss§aweeds exhibit several kinds of adaptation toaed
able to deter a broad range of natural enemie@e'r attractiveness, and chemical defenses areobne

including competitors, epiphytes, pathogenic bater the most conspicuous strategies manifested bycabpi
and herbivores (AMSLER; FAIRHEAD, 2006; PAUL Seaweeds (PAUL et al., 2001; PEREIRA; DA GAMA,
et al., , 2006; PEREIRA; DA GAMA, 2008). Several 2008)-
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In tropical and warm-temperate seas, browrolastane diterpene isolated froi@anistrocarpus
seaweeds (e.gDictyota Dictyopteris and others) cervicornis (Kiitzing) De Paula & De Clerck, which
produce complex mixtures of terpenoids, andicts as a feeding deterrent against the sea urchin
terpenoid-aromatics originated by mixed biosynthesi Lytechinus variegatus Canistrocarpus cervicornis
besides polyphenols and acetogenins (HAY(previously identified asDictyota cervicornis DE
FENICAL, 1988; PAUL, 1992). Many of these CLERCK et al., 2006) is a brown marine alga of the
secondary metabolites are known to play severdictyotaceae family that also contains bicyclic and
ecological roles, the diterpenes including the mosticyclic diterpenes as major metabolites (BIANCO et
studied compound types of thBictyota species. al., 2009).

Currently over 300 diterpenes are known, from adtlea

35 species obictyota collected all around the world MATERIAL AND METHODS
(VALLIM et al., 2005).
There are many examples of diterpenes from Organisms
brown seaweeds acting as chemical defenses, mainly
the similar diterpenes from the so-called dictyol Specimens of the brown seaweed

structural family, such as dictyol E, dictyol B, figl  Canistrocarpus cervicornigDictyoteae, Ocrophyta)

B acetate, dictyol H, all of which have been shown twere collected in the Ribeira Bay, Angra dos Reis
be active anti-feeding metabolites  (HAY; City, Rio de Janeiro State (23:00:34 S, 44:26:10 W),
STEINBERG, 1992; SCHMITT et al., 1995; Brazil, in August 2004, at depths between 1 and 4 m.
PEREIRA et al., 2000b). Pachydictyol A, found inAfter collection, the algal material was immedigtel
several species oDictyota inhibits herbivory by cleaned of epiphytic organisms and air dried. Veuch
tropical parrotfish species, the temperate fishespecimens were deposited in the herbarium at the
Lagodon rhomboides (Linnaeus) and Diplobus  Universidade do Estado do Rio de Janeiro, Brazil
holbrooki (Bean), and the sea urchibiadema (HRJ 10772). Specimens of the sea urdhjtechinus
antillarum (Philippi). Dictyol E reduces herbivory by variegatus were collected on ltaipu Beach, Niteréi
L. rhomboides, D. holbrookand the sea urchin City, Rio de Janeiro State for the feeding assays.
Arbacia punctulata (Lamarck) Pachydictyol A,

dictyol B and dictyol H inhibit herbivory in the Preparation of the Crude Extracts
rabbitfish Siganus doliatugGuérin-Méneville) (HAY;
STEINBERG, 1992). The air-dried algal material (900 g) was

Very few distinct diterpenes of the dictyol extracted in ChCl, at room temperature, yielding 44
structural class are known to exhibit defensivey of dichloromethane crude extract (DCE). This algal
properties. For example, the compoundR){6- material was extracted in EtOAc using similar
hydroxydichotoma-3,14-diene-1,17-dial frddictyota  procedures to yield 2.8 g of ethyl acetate crudeaek
menstrualis (Hoyt) Schnetter, Hornig et Weber- (EACE), and finally, after extraction with MeOH,
Peukert, inhibits herbivory by the amphipBdrhyale yielded 0.9 g of methanol crude extract (MCE).
hawaiensis(Dana) (PEREIRA et al., 2000a), and the
diterpene of the dolabellane class, the 10-18- Isolation and Identification of the Major Compound
diacetoxy-8-hidroxy-2,6-dolabelladiene frobictyota

pfaffii Schnetter, inhibits herbivory by the sea urchin The DCE crude extract was subjected to
Lytechinus variegatugLamarck) (BARBOSA et al., silica gel 230-400 mesh column chromatography (7
2004). cm x 10 cm) eluted witm-hexane, CHG| AcOEt,

Moreover, there are other diterpeneMe,CO and MeOH. Part of the fraction in CHGV.5
structural classes found iictyota species, such as g) was fractionated by silica gel 70-230 mesh calum
dolastanes ansecedolastanes isolated froBictyota chromatography (3 cm x 40 cm) eluted withna
cervicornisKiitzing andDictyota crispataLamoroux Hex/AcOEt mixture (9:1) to give 72 fractions of 30
(TEIXEIRA et al., 1986a, b; KELECOM; mL each. Fractions 17-57 (1.8 g) were reunitedr afte
TEIXEIRA, 1988; DE PAULA et al., 2007; VALLIM TLC analyses and purified by silica gel 230-400 mesh
et al., 2005), but little is known of the ecolodicale  column chromatography (2 cm x 34 cm) eluted with a
of these diterpenes, excepting the mixture ofstbee ~ N-Hex/AcOEt mixture (3:1), yielding 450 mg of pure
dolastane diterpenes linearolfisolinearol as defeng4R,7R,145)-4qa,7a-diacetoxy-14-hydroxydolast-
against the gastropodstraea latispina (Philippi)  1(15),8-diene (Fig. 1), as colorless gum.

(PEREIRA et al., 2002). Continuing our ecological Next, the DCE (dichloromethane crude
studies of the defensive chemicals of Dictyotalegxtract) was assayed iy NMR and the spectra shifts
(PEREIRA et al., 1994, 2000a, b, 2002; BARBOSA eshowed a dolastane diterpene as the major compound:
al., 2004), the present study shows the actionreiva  4.91 (bs, 1H), 4.86 (bs, 1H), 0.88 (s, 3H), 2.%ptst,
class of defensive compounds in Dictyotales, 4H,J=6.9), 0.94 (d, 3HJ = 6.9), 0.91 (d, 3H) =
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6.9), 1.47 (s, 3H), 2.15 (s, 3H), 2.02 (s, 3H),13(@s, The feeding deterrence assays were carried
1H) (GONZALEZ et al., 1983; SUN et al., 1981). Theout in a 500 L aquarium with circulating seawaldre
complete structural elucidation of this diterpenasw sea urchins were conditioned separately in small
obtained by'H NMR and'*C-APT NMR assays, the plastic containers of 0.5 L each, but together with
spectral data having been previously reportedontrol and treated food wafers.

(GARCIA et al., 2009). The assays were monitored each 12 h, until a
clear feeding preference for control or treatment
wafers was observed. The defensive propertiesef th
crude extract and of the pure compound were then
estimated by comparing the number of squares
consumed, of either control or treated experimental
food wafers.

—
3

Statistical Analyses

The Wilcoxon matched pairs test, a
nonparametric test equivalent to a paitedst, was
used to evaluate the statistical significance dof th
results obtained. Treatments and controls were
considered significant whgn< 0.05 ¢ = 5%).

OAc

Fig. 1. Major diterpene compound isolated fro@.
cervicornis ResuLTs

AL

Ac:ff

The DCE, the most non-polar extract, was
Feeding Deterrence Assay very effective in inhibiting feeding by the seahircL.
] ) _variegatus(p = 0.001; n = 22). In contrast, EACE
The defensive properties of the extracts inshowed no defensive activity against the same
dichloromethane (DCE), ethyl acetate (EACE), an@onsumer (p = 0.1531; n = 25), whereas MCE, the
methanol (MCE) fromC. cervicorniswere evaluated most polar extract, stimulated Consumption by
using artificial food wafers prepared from freezéeed  yariegatus(p = 0.0175; n = 22) when compared to the
green algallva fasciataand agar (HAY et al., 1994), respective controls (Fig. 2).
and tested on the sea urchin variegatus, an From the most consumed deterrent extract
ecologically-relevant consumer (SOUZA et al., 2008) (DCE) againstl_. variegatuswas isolated the major
Natural concentrations of the extracts wergjiterpene compound identified asR(@R,14S)-4a,7a-
produced to correspond to the content found in 29 gjacetoxy-14-hydroxydolast-1(15),8-diene (GARCIA
C. cervicornis the major compound corresponding togt a|., 2009).
0.81% (dry weight of this seaweed), according ® th In complementary assays, we showed that
literature (the authors, not published). The cdatro thjs diterpenoid significantly inhibited feeding tye
were prepared by adding 0.90 g of agar to 20.0 fiL qrchinL. variegatus(p = 0.0143; n = 31) (Fig. 3).
distilled water warmed in a microwave oven untg th
agar was liquefied. This mixture was added to 16.0
mL of cold water containing 2.0 g of the freezeedri
powder of U. fasciataand CHCI,. The treatments
(containing either the extract or the pure compdund

were prepared by similar procedures, but the,k Sever_al species ofictyota have been
chemicals were previously dissolved in iy for Studied extensively and are known to produce adroa

further incorporation of 2.0 g of freeze-dried pawd spectrum of chemical compounds that act as feeding

. . deterrents against herbivores, or exhibit other
of U. fasciata Next, the organic solvent was removedbiological functions (HAY: STEINBERG, 1992;

by rotatory evaporation. This procedure was necgss )
to obtain a uniform coating of natural productstoea aPERElRA' DA GAMA, 2008). .Hc')weve.r, most known
algal particles before the addition of the agar. dgterrents are structurally similar diterpenes er..“
Controls and treatments were hardened in g!ctyols, a structural .class of the.prenylated gnal
mold screen and cut into small pieces (10 x 10 =pua ';}E[)QETSSA I?ECISC Olrl\]/l ig\éirall?lctyot? Stp(tec'iﬁ
with 1.5 mm sides), thus finishing preparation loé t ( : T o .)'. n contrast 1o the
food wafers which were then offered simultaneouslyPE¢!eS prod_ucmg dlctyqlé;ams_tncarpus cervicornis
to the sea urchib. variegatus previouslyDictyota cervicorni} is susceptible to fish

Discussion
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grazing (LITTLER et al., 1983; LEWIS, 1986), doesdefended against herbivory, precisely as otherispec
not produce dictyol-type compounds (KELECOM;of Dictyota which also produce dolastanes (similar
TEIXEIRA, 1988), and was almost never used forchemical structures), but not by producing dictyads
domicile construction by the amphipod do D. divaricataLamouroux D. linearis (C. Agardh)
Pseudoamhpitoides incurvarigust as protection Greville, D. indica Sonder ex Kutzingand D.
against predation (HAY et al., 1990). In this stwdy furcellata(C. Agardh) Greville.

ascertained thaC. cervcornismay be chemically

%115_ |:| control
= =22 Ered] treatment
= 1oo A p=0.001
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Fig. 2. Effect of the natural concentrations ofhdliicomethane crude extract (DCE), ethyl
acetate crude extract (EACE), and methanol crudeaex(MCE), obtained fronC.
cervicornison feeding by the sea urchin variegatus Vertical bars in each histogram
represent mean food mass eaten + SE. SignificHatetices at p < 0.05 (Wilcoxon test).

5[]
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Fig. 3. Effect of the natural concentration (0.84%ry weight) of major compound found @
cervicornison feeding by the sea urchin variegatus Vertical bars in each histogram represent
mean food mass eaten + SE. Significant differeatgs< 0.05 (Wilcoxon test).
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The different results regarding the dolastane diterpene mictyota (hereCanistrocarpuy
susceptibility ofDictyotaspecies to consumers may bespecies adds a new component to enable us to
due to some other reason than just the structlaas c understand the complex world of the evolution of
of chemicals produced by them. defensive chemistry in seaweeds. In fact, more

Recent studies on the Rocas Atoll, Brazil,conclusive ecological and/or evolutionary approache
showed that the brown alga. cervicornis a great will only be possible when more information from
dolastane-class diterpenes producer, was not &gten different oceans worldwide becomes available.
herbivores as little as species producing dictya$s
diterpenes (MARQUES et al.,, 2006). A similar
situation was also observed on a Caribbean barrier
reef, whereC. cervicornissuffered exceptionally low We wish to thank the National Brazilian
losses to fish grazing (LITTLER et al., 1983). Ar&th Rasearch Council (CNPg) for a PhD fellowship
study showed that several crude extracts of thi MB) and for a research productivity fellowship
macroalga exhibited ichthyotoxic properties againsfgcp and VLT). We are grateful to Dr. Maria Tereza

the figh Carassius auratysprobably due to the same Széchy and Dr Joel Campos De Paula for their help
chemical defenses (DE LARA-IASSI et al., 2000).in the collection and identification of the seaweed

This study confirms the strong feeding deterrenee d gy,gied. Comments by two reviewers were invaluable
to the non-polar dichloromethane extract and the pu;,, improving the manuscripts and are gratefully

major (R, 7R,149)-4a,70-diacetoxy-14-hydroxydolast- acknowledged.
1(15),8-diene obtained frof. cervicornisagainst the
sea urchinL. variegatus These results indicate that
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that other compounds from this alga could alsoaact
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of this activity is much greater for the crude axgtr(~
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