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ABSTRACT

~ Extracts of SIX specws (fmm four famlhcs) of gorgomans collected from Smgaparc
- coral reefs. were. tcstcd for -toxicity against. representative microorganisms (graun
positive and gram ncgatwe bacteria, a yeast, and a mould), the brine shrunp (Artermmia
‘saling).and  the goldfish - (Carasxms auratus). All -extracts tested showed some
antimicrobial aclivity at concentrations cquwalent to D 5g of natural gorgonian tissue
(based on sample wet wclghts), while five were found to be toxic to A. salina (from as
low as 1000 ppm) and six (lowest toxic concentration, 2500 ppm) to C. auratus.
+ ;.Bchav:our mod1ﬁcatmns were observed in C. aurams on addition of extracts, even at
_non—lethal concentratlons This i is the first report of b:oactw:,ty in gorgoman corals

. frOm Slngapore

o INTRQDUCT"ION_'.' '.

. The knowledgc that cxtracts of cer-
:tam plants and ammals POSSEss blOlOgl--

.cally Jimportant propertles ‘has . been
-_.known since anthulty For the. mmp]e
-reason of acccsmblhty, the vast majority
of useful - extracts were mmally of ter-
restnal orngm (Scheuer 1988),: For. ex-
ample, the natwes of the Amazon Basm
used the toxic. exudatc from the "poison
arrow f_r_og_s to. tip thelr_ g:l__gr_t_s, penicillin
was derived.from the mould Penicillium,
.and an antimalarial extract was obtained
[from.the bark of the Cmchana _

.. Bioaetivity in at least some. species
_of gorgonians. has alsa bcen known for a
long time. The :ancient: Chinese recog-
nized and used the mcdlcmal properties
of the gorgonian Melitodes (= Melithaea)

fsquamara (South Chma Sea Instltute of

Oceanology, 1978; in Scheuer 1988).
Red coral (probably the gﬂrgoman |
Coraﬁmm rubrunt or a clnsely related
5pecws) was used as a major 1ngredlent
in numerous_potions and decoctions by
the ancient Greeks and passcd on to the

early Europcan cultures (H:ckson |
1924). Burkholder & Burkholder (1958}

_reportcd on the antimicrobial actwlty of
gorgonians from the Caribbean. They
were probably the first to pubhsh scien-

tifically on the bioactivity of gorgonian.
corals. Kim (1994) recently found anti-

‘bacterial activity in extracts of eight gor-

gonians. from Panama: Out of 901 com-

“pounds derived from marine flora and

fauna (Kenmsh 1989), 58 were extracted

-from gorgonians. Some notable examples

mclude the first discovery of a - pros-
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taglandin from a non-mammalian source,
and in commercially: harvestable

amounts (Weinheimer . & Spraggins,
1969). Crassin acetate, ﬁrst extracted
from Pseudoplexaura spp., was found to
inhibit P388 leukemia 111 vivo (Wem-_

~while
~ fact that octocorals, in comparison with
scleractlmans are a potentially - rich
- source of protein, fat, and carbohydrates
(Coll, 1981). A review by Tursch et al. -

heimer & Matson, 1975)

lophotoxin, isolated from gorgomans of
the genus Lophogorgza, causes ataxia,

paralysis, severe respiratory depression

~and death (Fenical ef al, 1981). Anti-in-
flammatory activity has been reported
for many novel terpenmd compounds

isolated from gorgomans (Loc}k et al,
1988, 1986; Fenical, 1987 Look & Feni-

cal, 1987; Groweiss ef al., 1988; Shin et

al., 1989; I(obayashl et al., 1991 Por-

desimo et al, 1991), with activity in
several of these compounds exceeding

that of indomethacin, a clinical drug
used against inflammation, |

~ The evolutionary success of Indo-
Pacific octocorals, including gorgonians,

has been attributed in part to the occur-

rence of toxic secondary metabohtcs
which minimise. predat:on increase com-
petitiveness and aid in “reproduction
- (Sammarco & Coll, 1988) In particular,
these metabolites deter feeding in inver-
tebrates (Femcal & Pawhk 1991; ‘Ger-
hart, 1986; Harvell & Fenical, 1989; Las-

ker & Coffroth, 1988; Laskf.:r. et al., _1988,.

Van Alstyne & Paul, 1992; Vreeland &
‘Lasker,
Pawlik, 1991; Harvell ef al., 1988; Harvell

- & Fenical, 1989: Lasker, 1985; P&wlik et

a! 1987; Sammarco et al,, 1987)

~ The gorgonian fauna in Singapore is

- diverse "and relatively abundant (Gobh,
unpubhshcd data), with more than thirty

'species recognised. Compared with the
150 or more species of scleractinians

~ (hard corals) found on Singapore reefs,

1989) and fish® (Fenical &

the s_crééning* of gorgonians for bioac-
* tivity appears to be a poor choice. How-
-ever, little or no- predation by coral-

livorous fish has been observed on them

in the field, pointing to the possibility of
toxic metabohtes mthm the tissue of

these invertebrates. This is despite the

(1978) also did not reveal significant :

levels of secondary compounds in the
- Scleractinia. Most gorgonian species are
easily accessible by SCUBA in Sin-
gapore, in contrast to other reefs in the
‘region (Goh ‘& Chou, 1994). This

facilitates their collection and hence the
study of their bioactivities. They also
have relatively high rates of growth and

- ‘regeneration (Goh, unpublished data),

allowing the possibility- of sustainable

~ harvesting of these orgamsms lf useful

metabolites are found.
To date, none of the gﬂr'gon_ians in
Singapore has been tested for any form

of bioactivity, nor have their chemical

structures been elucidated. The present
study is of a preliminary nature, with the
objective of mapping the occurrence of

- bioactivity in crude. extracts of gor-

gonians in Singapore using simple bioas-

- says. This will enable future workers to
~ narrow down the search for nﬂvel bioac-
~tive compounds to species that have
‘shown some activities in thése assays.
- However, it must be emphasized that the
‘bioassays carried out are by no means

exclusive. It is likely that useful spcc:cs |
may not be detected if screening is de-

pendent on such_ limited bioassays.
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MATERIAL AND METHODS -

Collection |

| Six’ commonly found - species were
tested for bioactivity. These were: from
the Subergorgiidae, Subezgargze suberosa
and S. mollis, from the Melithaeidae, 4.
robusta frorr_: the Ellisellidae, J.. (Drcho-
tella) gemmacea and Cren_oce,lle- (Ver-
rucella) sp. A; and from the Plexauridae,
Echinogorgia sp. E. Voucher specimens
of all species tested. are lodged in the
Zoological Reference Collection of the

National University of Singapore. Colo-

nies of the gorgonians tested were hand-
collected from reefs south of the main is-
land of Singapore using SCUBA. Each
species was collected from only one reef
site to -prevent inter-locality differences
to complicate" ‘results, Any debri§ at-
tached to the colonies was removed im-
mediately at collection. When brought to
the surface, metabolic activity was ar-

-rested by pouring liquid  nitrogen over

the - collections = of - each species
(hereinafter known as samples). These
samples were then stored in ice until

transferred to a laberatory freezer at-
3oﬂc . _

) Extract Preparatmn

.- Samples were ground usmg a food
processor and the weight of the ground
sample noted. Samples were completely
immersed in acetone, and left overnight.
The mixture of sample and : solvent
{acetone)  was
vacuum. The residue was re-extracted in
fresh acetoné overmght while the filtrate
‘was stored. This process was repeated SO
that a total of three extractions were per-
formed. The three resulting filtrates
were combinéd and the acetone removed

by evaporation under vacuum using a
retary evaperater gmng the erude ex-
traets |

Anti -micreblal Activity

The six extracts were tested for
toxicity against representatwe Gram-
positive (Bacillus subtilis) and Gram-
negative (Escherichia . coli) bacteria, a
veast (Saccharomyces cerevisiae) and a
mould (Aspergillus sp.) using the disc
assay method. An aliquot (equivalent to
0.5g wet weight of tissue) of each test ex-
tract was spotted onto a filter paper disc
(Difco concentration discs, 1/4", 1599-
33) and allowed to air-dry. Three repli-
cate discs were used for each test ex-
tract. Discs were placed on a lawn of the
growing microbe and positive assays
were measured in terms of the diameter
of a clear zone of inhibition of microbial
growth around the disc after overnight
incubation at the appropriate tempera-
ture (bacteria: 37°C; yeast, -mould:
28°C). Controls using seawater and

| acetene were also mcluded

Brine -s-hrimp Toxicity

 Artemia salina cysts (Argentemia,
Argent Chemical Laboratories, Red-
mond, WA, USA) were hydrated in a

petri dish with artificial seawater and

placed under a lamp. Hatchlng occurred
in about 12 hours. Sets of ten freshly
hatched ‘nauplii were collected using a

 Pasteur pipette and placed in separate
then filtered wunder

wells of a multi-welled container. Test
solutions were made up to 2ml and
added to each of three wells giving a
sample size of 30 brine shrimp for each
test solution. Both positive (various con-
centrations of potassium' dichromate

solution) and negative (artificial sea-
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water) controls were also set up.

- Mortality was scored in each mu -
after 6h (acute cxpcusure) and 24h

(chronic exposure). Nauplii wete coun-
ted under a microscope. A nauplius was
considered dead if it lay immobile at the
bottom of the well or if the appendages,
e.g., the antennae, antennules and man-
~dibles - were inactive. ' Results were
analysed - using. the Reed- Muench
method described in Teng (1993)

Guldﬁsh Toxlclty | |
Carassius aquratus (5 6 cm tatal
length), used in this bioassay, were ob-
tained commercially and allowed to ac-
climatize to laboratory conditions for 2-3
days. Six randomly selected fish were put
into each test aquarium containing 3000
ml of dechlorinated water and the test

extract. Gentle aeration was maintained -

throughout the duration of the experi-
ment. Three concentrations (2500 5000
and 75000 ppm) of each extract were
tested. A control of the same volume nf
dechlorinated water was also set up.

As in the A. salina assay, mortahty
was recorded after acute (6h) and
chronic (24h) exposure to the test solu-

tions. Analysis was again based on the
Reed- Muench method. -

Behavlour Modlﬂcatmn in Goldl‘ish

Quahtame observatmns were made

m terms of the behawour of the fish
every 15 minutes for the first hour after
addition of the test solulmns

RESULTS

- The gorgonian extracts were diverse
in terms of the inhibition spectrum
against the selected bacteria and
eukaryotic test microbes. None of the ex-

'tracts was. toxic to all four classes of

microorganisms tested (Table 1). Ex-
tracts from the subergorgiids (S. sub-
erosa and S.. mollis), the plexaurid,
Echinogorgia sp. E, and the ellisellid
J.(D.) sp. (D.) sp. cf. gemmacea were
found to show broad-spectrum inhibitory
effects in that both Gram positive and
Gram negative bacteria were inhibited.

A. robusta and ctenocella (Verrucella sp.

A were found to be inhibitory to Gram

~ positive B. subtilis but not to Gram nega-

tive E. coli. Among the six gorgonian

‘species examined, only the two ellisellid

species showed anti-eukaryotic effects
against S. cerevisige. The mould, Asper-
gillus sp. proved resistant to extracts of
all six species tested. Under the same
test conditions, sea-water and acetone
did not- inhibit the mlcrourgamsms
tested. R -
At lower concentrations (1000 5000
and 7500 ppm), acute (6h) exposure of

A. salina caused less than 4% mortality,

even in the most potent extract (Fig.1).

- At 10000 ppm, mortality after 6h ranged

from 0% (/. D.) sp. ¢f. gemmacea and
Echinogorgia sp. E) to 19.35% (S. sub-
erosa). Chronic (24h) exposure of A.
salina (Fig. 2) at extract concentrations

- of 1000 ppm and 5000 ppm did not cause

significant mortality (< 8%). At 7500

* ppm, maximum mortality due to the ex-

tracts was 22.41% (/. (D.) cf. gemumacea),
while at 10000 ppm, S. subcrosa was the
most toxic, causing 50% mortality of A.
salina. A negative control consisting only
of filtered artificial seawater caused no
mortality, while mortality in the positive

-control (potass:um dichromate) is recor-

ded in Table 2. -
At the lowest extract cancentrauon

”(2500 ppm) tested on the gnldﬁsh no
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(2500 ppm). tested on.the goldfish no mortality. Percentage mortality at 7500

ortalﬂ:y was . recorded after 6h of ex- ppm extract concentration rangcd from
posure (Fig. 3) ‘At 5000 ppm, only S. 0% (A. robusta sp. A and Echinogorgia
suberosa (50%) and J. (D.) sp. cf. gem-  sp. E) to 100% (S. suberosa) The extract

- macea (28. 5_7__%) extracts caused goldfish  of J. (D.) sp. ¢f. gemmacea also potent at

Table 1. Aﬁti:ﬁi{:'rﬁbia'l é;ﬁt_ivity of crude exti'acts from six gorgonian 'spec_ies

[
R - e N — Y i - i _ . - i I . bl Y e ]
- . .o . . - . .

Inh1b1t10n diameter (rnm)
(mcan of 3re _phcates cach)

Species. - B subuhs E.coli . .S. cerevisiae Aspergdh:s sp
Subergorgiidae . . .

. S.suberosa - . . 103 11 0 - 0
S.mollis. - - .. 12 95 .. 0 0
Mehthaeldae S T A |

~A.robusta . 9 0. . 0 0

Elhsellidae | - - |

J. (Dichotella) sp. - | e |
cf. gemmacea - o 103 9 167 - 0
Ctenocella (Verrucella) sp. A 9.7 | 0 . 143 | 0
Plexauridae. o L : - o

- Echinagotgia sp. E. ) 103 - 12 0 N |
Controls - D R B
Scawater | | 0 0 -0 0
Acetone - 0 0 0 g

Table 2. Percent mortallty of freshly hatche:d brme shrunp larvae to patassnlm
_dichromate solutions (positive control)

R Percent Mortality
¢« Conc.{ppm) - - - Acute (611) S Chronic (24h)
- . - . .. Exposure = Exposure
1000 1000 ©100
800 o 100 | - 100
- 600 o | 100 o 100
400 100 | 100
8 . ... 501 | 100
60 787 100
.40 0 100
2 - .0 . 9184
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this concentration, causmg 87.5% mor-
tality, while Ctenocella (Verricella) sp. A
killed 33.33% of the goldﬁsh S. mollis
was also toxic at this cancentratlon, caus-
ing 16.67% mortahty
chronic (24h) exposure of the goldfish to
~ the extracts clicited a gencral]y g:reatcr
response (Fig. 4). However, as in the
acute exposure,
recorded in A. robusta and Echinogorgia
“sp. E. extracts at all concentratlons At
2500 ppm, S. suberosa was the only toxic
extract, causing 16.67% mortality. S. sub-
erosa and J. (D.) ¢f. gemmacea extracts
caused 100% and 83.33% mortality,

'As expected,

1no morttality was
- 6h exposure. No mortality was recorded

‘respectively, at 5000 ppm, while:C. .(Ver-

rucella) sp. A killed 33.33% of the
goldfish. Maximum - mortality (100%)
was recorded at 7500 ppm after 24h ex-
posure to extracts of S. suberosa, J. (D.)
sp. ¢f. gemmacea and C. (Verrucella) sp.

A, In comparison, prolonged exposure to

the extract of S. mollis did not cause an
increase in mortality with respect to the

in the control. |

 All extracts caused some behaviour
modification in goldfish within the first
hour of exposure (Table 3). Reduced ac-
tivity resulted from extracts of S. .s'ub-

Table 3. Behaviour of the goldﬁsh during the ﬁrst hour after exposure to extrabts; 5
- : normal activity, breathmg and orientation; RA : reduced activity;
GA: gulpmg for &lI’ at surface; DO dlsorlentcd

- Extract

~ Species ~ Conc.(ppm)

S. suberosa
5000
7500
2500
5000

7500
- 2500
- 5000 0

e 75000
2500
5000
~7500
2500
5000
71500
2500
5000
7500

Control R

(dechlorinated water) |

S. mollis

A. fobztsfa

J. (D.) spcf ge.fnmacea
C ( Vem:ce;?l;i) sp.r A.

 Echinogorgia sp. E

15 min

e

Behaviour throughout first hour
30 min 45 min 60 mm

'RA RA RA

RA, DO DO DO
GA GA  GA
GA  GA  GA

- " RA,GA RA,GA

RA,GA RA,GA RA,GA

RA,GA  RA,GA ~ RA,GA
RA RA  RA

. GA GA

- GA GA
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erosa, J. (D.) ¢f. gemmacea and C. (Ver-
rucella). sp. A; disorientation from S.
suberosa and A. robusta and air gulping
from S. mollis and Echmogorgza sp. E.
No d1scermble response was ehc:ted
from any test solution untll after 30
minutes of exposure.

 DISCUSSION

Thc prcscnt study utﬂlscs the
strategy of several directed screens
(Rinehart, 1988) to test for toxicity of
crude extracts towards representative
prokaryotic (bacteria) and eukaryotic

z 20T
:

£ 15

E -

%-. 10, ¢

E 5 .

3 |

1000 5000

Extract conc. {ppm)

WS, suberosa
@S, mollis

W Acabaria sp. A
O J. cf gemmacea
. |8 Verrucella sp. A

B3 Echinogorgia sp. E

Fig. 1: Percent mortality of brine shrimp larvae after acute (6h) exposure to different

concentrations of crude extracts.

Percentage mortality

Extract conc. {ppm}

B S. suberosa
8BS, molis

M Acabaria sp. A
3J, cf gemmacea

B Verrucella sp. A

_ Echinq_gorgia SP. Eﬁ

Fig. 2: Percent mortality of brine shrimp larvae after chronic _(24'h) exposure to dif-

ferent concentrations of crude extracts.
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(fungi and yéaﬁt) "miéf.éﬁfganisms inver-
tebrates. (4. salina), and the goldfish.
Antimicrobial activity has also been used

as -an indication of bloactmty (Burk-

'holclcr & Burkholder 1958; Burkholder

& Ruetzler, 1969, Amade et ‘al,, 1982;

Thomson ef al, 1985 Kim, 1994), as has
the 4. salina screen (McLaughlm et al.,
1993; Teng, 1993 and references. there-
in). Both these assays have the ad-
vantages of being fast, cheap, simple, and
without the need for very specnahsed

100 +
60 +
40 +
20 -

B S. suberosa

B S, mollis
lAcabari'a.sp. A
E!J cf gemmacea:

EVerrucelta sp. A

R Percentage mortality

|
|
i
]
]
|
|

2500

5000

Extract conc. (ppm}

I Echmﬂgﬂrg:a sp E

Flg 3, Pcrccnt mortahty of goldﬁsh after acute (6h) cxposurc to dlfferent cancentra-

tions of crude extracts.

5000

> 100

2 807 i
Qo e
E 60 - o
= | u
g 40+

-

[T

2

Q)

n_ - - -

Extract conc. {ppm)

—— — ——— e T T LY B e s s ——ae

BS. suberosa .
@S, mollis

B Acabaria sp. A
(8J. cf gemmacea

| B Verrucella sp. A

| A Echinagorgia sp. E|

Fig. 4. Percent mortah[y of gold[' sh after chromc (24h) cxposurc to dlffercnt con-

ccntralmns of crude extracts.
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equipment or training., Vertebrates pos-
sess ~more complex - enzymatic - and

physiological systems than invertebrates

and microorganisms, and activity against

such systems would not be detected by . -

only the first two screens. The use of
goldfish as a test organism, besides easy
availability, has the advantage of having
been studied: in terms of their suscep-

tibility to test extracts (Thomson et al,

1985). The use of the freshwater goldfish
may seem 1lloglcal for testing ‘extracts: of
marine origin. However; in effect; the
sensitivity of the assay is increased since
such a freshwater fish is unlikely to pos-
~ sess co-evolved resistance to gorgonian
toxins or feeding deterrents (Sammarco
& Coll, 1988). Toxicity: tests that are
negative- for HSSQYS:uSing’ a narine fish
found. naturally with gorgonians may be
false due to acquired fish resistance and
thus - cemphcate the mterpretatmn of
-results S e n
- Kim (1994) repﬂrted antlmicroblal

activity in- gorgonians ~from = Panama

(range of inhibition diameters: up to

3mm) while Thomson et al. (1983) tested

forty species of sponges from the

'southern Californian coast and used two
- categories for scoriﬁg antimicrobial ac-
 tivity, i.e., those less than 2mm inhibition
diameters and those with greater. than
‘2mm inhibition diameters. Though not
‘explicitly stated, this implies that™ they
‘did not obtain inhibition diameters much
Mlarger than 4mm. Some of the extracts of
temperate and tropical sponges tested by
‘Amade et al. (1982) “gave inhibition
‘diameters of 2mm-12mm (mostly Smm-
12mm) against Gram-positive bacteria,
and only one positive result (2mm) in 38
“assays agamst the mould Aspergillus. For

the “Gram negative bacterium ' E. coli

tested, inhibition diameters ranged from
2mm - Smm.. In contrast, when inhibitory
activity was:present .in-this study, inhibi-.
tion diameters against both Gram-posi-
tive (B. subtilis) and Gram-negative (E.
coli) bacteria ranged from 9mm - 12mm,
In this study, the extract of J. (D.) sp. ¢f.
gemmacea was found to be also active
against the eukaryotic S. cerevisiae in ad-
dition to being active against B. subtilis
and E. coli. Since different extraction
methods, solvents and .loading con-

centrations were used, it is not feasible

to. compare the results obtained here
with those reported elsewhere. However,

the observed antimicrobial activity in the

present study does suggest the presence
of ‘bioactive compounds in'. gorgonian
SpEClBS from Singapore.

" Microbial colonization is potentially
ipat-hi:igenit:’ to - marine - invertebrates
(Mitchell & Chet, 1975) and may also be |
the precursor of secondary macro-foul-
ing (Baier & Meyer, 1991). The posses-
sion of anti-microbial compounds would
thus be an asset to the survival and
growth of a sessile marine invertebrate.
It has also been observed (NKCG) that

in general, secondary macro-fouling in

Singapore ‘gorgonians only occurs when
the living tissue has been scraped off or
abraded. This provides circumstantial
evidence that bioactive compounds in

gorgonians may have a natural anti-bac-

terial/anti-fouling role. More research is
needed to substantiate this hypothesis,

although work on gorgonians elsewhere

(Rittschof et al, 1984; Banduragga & m'
Fenical, 1985) supports this. =~ |
~ Thomson ef al. (1985) also used A.
salina as a bioassay organism, but their
results were qualitative (active or inac-

“tive) rather than quantitative, and the
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| solutions tested were purified metabo-
lites rather than crude extracts. Mc-
Caffrey (1985) reported that compound

A from the sponge. Callyspongia sp. was
toxic 10 A. saling at an unusually high
concentration of 20 gm!™ (cf. 0.01gm!™

for 10000 ppm). If this figure is correct,
many of the extracts tested here are at
least two orders of magnitude more
toxic. Unfortunately, no actual figures or
percentages were given to define ‘toxici-
ty’, so direct comparisons cannot be
made. Comparison is made instead with
the positive control using the heavy
metal salt potassium dichromate. All ex-
tracts were less toxic than the most dilute
(20 ppm) solution. of potassium dichro-
mate tested (cf, Figs.1 & 2 and Table 2),
. which caused almost 92% mortality. It
must be remembered that the extracts
are crude, and a pure heavy metal would
definitely have-a greater toxic effect than
an extract containing a small proportion
of active metabolites. |

- In the present study extracts of
Echmagargza sp. E did not cause any
mortality at all concentrations tested, for
both acute and chronic exposures. J. (D.)

SPD. Cf gémmacea was slow BCtlng, belﬂg
totally inactive in the acute exposure:

assay but very active after 24 hours, caus-

“ing the highest percentage mortality at

5000 ppm and 7500 ppm, and being sur-
passed 1in toxicity at 10000 ppm by only

one other extract (S. suberosa). A. robus- _-
ta sp. A, on the other hand, was among -

the first extracts to elicit a response, but
mortality in solutions of this extract did
not increase between 6h and 24h.

At the lowest test concentration
(2500 ppm) used in the goldfish mor-
tality assay, only the extract of S. sub-
erosa was active, but then only after

chronic exposure (Figs. 3 and 4). This

- extract also proved to be among the most

active at 5000 ppm and 7500 ppm in both
acute and chronic assays. In contrast,
both A. robusta and Echmogorgza sp. E.
were completely non-toxic to goldfish.
The extract of S. mollis was active only at
7500 ppm, causing 16.67% mortality
after 6h, a level that remained un-
changed even after 24h. J. (D.) sp. cf.
gemmacea extract was active .at and

- above 5000 ppm, with mortality increas-

ing with exposure time. Mortality in C.

- (Verrucella) sp. A also increased with ex-

posure time, with mortality at 5000 ppm
and 7500 ppm after 6h increasing from
0% to 33.33% and from 33.33% to 100%
at 24h, respectively.

All the extracts tested caused an-_ml-
tial change (Table 3) in goldfish be-

haviour, but when the results in this table

are compared to the final tox_;icity of the
extracts (Fig. 4), it appears that gulping

- for air is not a behaviour that is impot-

tant in ‘predicting final toxicity of the ex-
tract. Extracts from S. mollis and
Echinogorgia sp. E at 5000 ppm only |
caused gulping for air during the first
hour. However, S. mollis extracts tested
at 7500 ppm cuased only 16.67% mor-

~ tality in goldfish after 24h of exposure

while no = mortality was seen in

Echinogorgia sp. E extracts. However, all

extracts that caused reduced activity in

the initial hour (ie., those from S. sub-

erosa, J. (D.) sp. ¢f. gemmacea and sp. C.
(Verrucella) sp. A) also produced 100%
goldlish mortality after 24h of exposurc
at 7500 ppm.

All six extracts tested (except that of
Echinogorgia sp. E) possessed metabo-
lites that were bioactive as observed in

- all the four major screens (antimit:rcj_bial,
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invertebraté t{"jxicity, vertebrate toxicity,

goldfish behaviour modlﬁcatlon) None
- of the extracts was toxic to all the in-
.dmdual orgamsms assayed and Junceel-
la cf. gemmacea was the only species that
could inhibit the yeast. Besides the air-
| gulpmg rcsponse from the goldfish, the
extract of Echinogorgia sp E was toxic
| only to the bactena B subtdxs and E.
cof: |
The dlfferent effects of the SIX €X-
tracts tested on the microorganisms,
 brine shrimp and goldfish point to the

diversity of sccondary bmactwc com-

pounds present in these gorgﬁmans For
examp]e in the antlmlcroblal assays, €x-
tracts of J. (D.) sp. ¢f. gemmacea were
active against the Gram negative E. coli
(9mm - inhibition diameter) while that of

C. (Verrucella) sp. A was completely in-

active - (although both extracts ~had
similar activities against B. subtilis and S.
cerevisiae). .Also, the extract
Echinogorgia sp. E mhlblted bacterial
growth but was inactive in screens
against brine shrimp and goldfish. -

- It is apparent from the tests that the
brine shrimps are more sensitive to the
bioactive extracts than the goldfish at

lower concentrations tested. The brine
shnmp toxicity tests also appear to be
more reliable in that increased mortality
is observed with. increased exposure
time. These observations may be at-

~ tributable to species differences in terms

of suscéptibility or to dlfferences in the
-physwlogical targets of thc toxins in-
volved. | . _.
| Further work needs to be camed
out to isolate the active compounds and
to intensify the screening of these com-
pounds, partlcularly those from. S. sub-
serosa: andI (D ) sp f. gemmacea

from
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