M & BIOLOGICAL AGTIVITY OF AQUEOUS AND ORGANIC
Il o 1
il € | EXTRACTS OF SEAWEEDS FROM CEARA STATE, BRAZIL
m -5
| I{x § Atividade biolégica de extratos organicos e aquosos de
\\I“J)]) S macroalgas marinhas do Estado do Cear4, Brasil
I s
g Marcia Rocha Torres?, Alessandra de Paula Alves Sousa?, Eduardo Augusto Torres da Silva
o Filho!, Claudia Pessoa', Maria Elisabete Amaral de Moraes?, Manoel Odorico de Moraes?,
' Leticia Veras Costa-Lotufo'?
RESUMO

O presente estudo avaliou a atividade bioldgica de 12 macroalgas marinhas da costa do estado do Ceard, Brasil. Das espécies
coletadas foram obtidos 48 extratos (extratos aquosos, diclorometdnicos, acetonicos e metandlicos) de cada espécie. A atividade dos
extratos foi avaliada quanto a letalidade em nduplios de artémia, ao potencial hemolitico, 4 inibicdo do desenvolvimento de embrides
de ourico-do-mar e ao efeito antiproliferativo sobre células tumorais através do método do MTT. Este estudo revelou que 9 das 12
espécies testadas apresentaram alguma atividade nos ensaios aplicados, sendo que Botryocladia occidentalis foi a mais potente.
O extrato acetonico obtido de B. occidentalis inibiu o crescimento de quatro das cinco linhagens de células tumorais usadas com
uma CI,, variando de 5,0 a 24,5 ug/mL, demonstrou atividade antimitotica em ovos de ourigo em concentragdes até 100 ug/mL, nio
apresentou atividade hemolitica, mas mostrou uma moderada toxicidade para Artemia salina. Estudos futuros sio necessdrios para
caracterizagdo quimica dos principios ativos, além de avaliagbes biolégicas mais extensas.

Palavras-chaves: algas marinhas, citotoxicidade, hemélise, ovos de ourigo-do-mar, células tumorais.

ABSTRACT

The present study evaluated the biological activity of 12 marine macroalgae from Ceard State, Brazil. From the collected
species 48 extracts (aqueous, dichloromethane, acetone and methanol extracts for each species) were obtained. The activity of extracts
were rated at the following bioactivities: lethality in brine shrimp nauplii, inhibition of the development of sea urchin eggs, hemolytic
activity on mice erythrocytes and inhibition of in vitro cellular proliferation on tumor cell lines using MTT assay. This study revealed
that nine among the 12 tested species presented some activity in the applied assays, being that of the red algae Botryocladia
occidentalis the most potent one The acetone extract obtained from B. occidentalis inhibited the growth of four out of five used
tumor cell lines with an IC,, in the range of 5.0 to 24.5 ug/ml, possessed antimitotic activity on sea urchin eggs at concentrations
up to 100 ug/ml, with no hemolylic activity and moderate toxicity to brine shrimp nauplii. Further studies are necessary for chemical
characterization of the active principles and more extensive biological evaluation
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INTRODUCTION

Historically, seaweeds have been consumed as
healthy food in many Asiatic countries like China,
Korea and Japan. They have also been used by
cosmetic and chemical industries (Round, 1983) and
at last they have caused an emerging interest in the
biomedical area due to their content on
pharmacologically bioactive substances with great
chances to be employed against bacteria, virus, other
pathogens and tumors (Blunden, 1993; Ireland et al.,
1993; Smit, 2004).

New anticancer agents have been found in
marine sources like peptides, polyesters, alkaloids,
prostanoids, lactones, terpenoids, hidroquinones and
so on. These compounds have been isolated from
sponges, corals, seaweeds, tunicates, bryozoans and
others (Kitagawa & Kobayashi, 1991, Newman &
Cragg, 2004). Despite the ascending number of new
findings about seaweed metabolites possessing
biological activity on the last three decades few
products having actual potentialhave beenidentified
or developed (Smit, 2004). Among those substances
that received most attention from pharmaceutical
companies for development of new drugs are the
sulfated polysaccharides (antivirals), the halogenated
furanones (antifouling compounds) and the kahalide
F (anti-cancer and anti-HIV compounds) (reviewed
by Smit, 2004).

Kahalide F was first isolated from the
sacoglossan mollusk Elysia rufescens, however later it
was elucidated that the producer is a green alga from
the genus Bryopsis, being concentrated in the mollusk
throughits diet (Hamann and Scheuer, 1993; Hamann
et al., 1996). This depsipeptide now undergo phase II
clinical studies for liver carcinoma treatment
(Newman & Cragg, 2004). This compound has a
unique target, acting on the lysosomal membrane,
leading to a necrotic cell death, called oncosis
(Newman & Cragg, 2004; Smit, 2004).

The significant number of compounds from
marine sources thathave been entered into antitumor
preclinical and clinical trials stimulates continuous
efforts on this research area. Previous data on the
screening of ascidians and sponges collected in the
northeastern Brazilian coast showed two interesting
findings: first, the high degree of endemism of this
region and second, that approximately half of the
studied species presented promising results (Jimenez
et al., 2003 and 2004).

The aim of the present study was to screen for
cytotoxic and antimitotic activities seaweed extracts
collected from the coastal waters of Ceara in the
Northeast, Brazil. The intention of this screening
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program is to expand the knowledge of the flora of
this region and find new substances with possible
pharmaceutical applications.

MATERIALS AND METHODS

Seaweed harvesting

The seaweeds were collected from Pacheco Beach
(Fortaleza-Ceara-Brazil) on the months of January and
February, 2004. Once in the lab they were rinsed with
filtered ocean water, packed in plasticbags and frozen.
Their classification was made in accordance to the
checklist of Wynne (1986). Table I shows the studied
species separated by divisions (Chlorophyta,
Rhodophyta, Phaeophyta) and some of the previous
reported pharmacological activities.

Preparation of the crude seaweed extracts

From the 12 collected species it has been obtained
48 extracts (aqueous, dichloromethane, acetone and
methanol extracts foreachspecies). The frozen seaweeds
were dried out at 60°C. Thereafter, they were grounded
to a fine powder, weighed and subjected to successive
extractions with a sample mass to solvent volume
proportion of 1:10 at room temperature. The solvent
sequence showed an increasing polarity starting with
dichloromethane, followed by methanol and saline
solution. Each extraction procedure was made under
constant agitation for 24 hours. After this time, the
extracts were filtered through a nylon cloth and the
resulting solutions (just the organic ones) were
concentrated in a rotary vacuum evaporator. The
remaining concentrates were dried out at 40°C. Each
methanol fraction was applied into a cellulose column
and eluted with acetone followed by methanol. Once
dried allthe extracts wereweighed. Theaqueousextracts
were concentrated, dialisated, and then, freeze-dried.
Theaqueousresidueswerereconstituted inwater, while
organicones werereconstituted in DMSObefore testing.

MTT assay

The cytotoxicity of the extracts was tested
against B-16 (murine melanoma), HCT-8 (human colon
carcinoma), MCF-7 (human breast carcinoma) CEM
and HL-60 (leukemia) tumor cell lines (National
Cancer Institute, MD, USA). Cells were cultured in
RPMI-1640 medium, supplemented with 10% fetal
calf serum, 2 mM glutamine, 100 pg/mlstreptomycin
and 100 U/ml penicillin at 37°C with 5% CQO,. For
experiments, cells were plated in 96-well plates (10°
cells/well for adherent cells or 0.3 x 10° cells / well for
suspended cells in 100 pl of medium). In a first set of



Table I — List of algal species used in this study.

Classification Dry Extraction solventand Some reported Ref.
Weig yield (%) pharmacological activies
ht (9)
CHLOROPHYTA
Caulerpa racemosa 5.0 Dichloromethane (3.5) Antiherpetic Ghosh et al. (2004)
(Forsskal) J.Agardh Acetone (0.3) Antitumor Harada et al. (1997)
(Caulerpaceae) Methanol (0.2) Brine shrimp toxicity Ara etal. (1999)
Agueous (0.5)
Caulerpa  sertularioides 1.2 Dichloromethane (9.5) Inhibit telomerase activity Kanegawa et al. 2000
(S. G. Gmelin) Howe Acetone (0.5) Antitumor Harada et al. (1997)
(Caulerpaceae) Methanol (4.3)
Agueous (0.03)
Codium decorticatum 32.0 Dichloromethane (1.5) Antiherpetic Santos et al. (1999)
(Woodward) Howe Acetone (0.9)
(Codiaceae) Methanol (10.8)
Aqueous (2.5)
Enteromorpha intestinalis 6.0 Dichloromethane (2.1) Antiviral Kamat et al. (1992)
(Linnaeus) Link Acetone (1.1) Antitumor Harada et al. (1997)
(Ulvaceae) Methanol (0.5)
Aqueous (0.8)
Ulva fasciata Delile 20.0 Dichloromethane (1.5) Antibacterial Pinheiro- Vieira and Caland-Noronha
(Ulvaceae) Acetone (0.1) (1971), Selvin and Lipton (2004)
Methanol (0.2) Antiherpetic Santos et al. (1999)
Agqueous (7.0) Antiviral Tringali (1997), Garg et al. (1992)
Metal accumulation Lee and Wang (2001)
Brine shrimp toxicity Selvin and Lipton (2004)
RHODOPHYTA
Botryocladia occidentalis 6.0 Dichloromethane (0.9) Anticoagulant Farias et al. (2000; 2001), Matsubara
(B¢rgesen) Kylin Acetone (0.3) (2004), Pereira et al. (2002)
(Rhodymeniaceae) Methanol (2.4)
Agueous (0.5)
Gracilaria domingensis 20.0 Dichloromethane (0.3) Antibacterial Pinheiro-Vieira and Caland-Noronha
Sonder ex Kutzing Acetone (0.1) Antitumor (1971)
(Gracilariaceae) Methanol (0.3) Fernandez et al. (1989)
Agueous (3.5)
Gracilaria  lemaneiformis  20.0 Dichloromethane (0.3) Hemagglutinating activity Freitas et al. (1992)
(Bory) Weber-van Bosse Acetone (0.3)
(Gracilariaceae) Methanol (0.4)
Agueous (1.2)
Hypnea musciformis 8.0 Dichloromethane (0.5) Antiherpetic Santos et al. (1999)
(Wulfen in Jacquin)) Acetone (0.2) Antiviral Kamat et al. (1992)
Lamouroux (Hypneaceae) Methanol (0.5) Antifungal Melo et al. (1997)
Aqueous (0.2) Antispasmodic Salimabi (1980)
Anti-inflammatory Salimabi (1980)
Hemagglutinating activity Nagano et al. (2002)
Brine shrimp toxicity Selvin and Lipton (2004)
Laurencia papillosa 19.0 Dichloromethane (1.0) Antibacterial Pinheiro- Vieira and Caland-Noronha
(C. Agardh) Grreville Acetone (0.2) Inhibit telomerase activity (1971)
(Rhodomelaceae) Methanol (0.5) Kanegawa et al. (2000)
Agueous (1.2)
Pterocladia capillacea 10.0 Dichloromethane (0.3) Anticoagulant Shanmugam and Mody (2000)
(S. G. Gmelin ) Bornet & Acetone (0.3) Antiherpetic Santos et al. (1999), Pujol et al. (1996)
Thuret Methanol (0.3)
(Gelidiaceae) Agueous (0.2)
PHAEOPHYTA
Lobophora variegata 113 Dichloromethane (1.2) Antifungal Ballesteros et al. (1992)

(Lamouroux) Womersley
(Dictyotaceae)

Acetone (1.7)
Methanol (0.6)
Aqueous (0.9)

experiments, the extracts (125 pug/ml) dissolved in
DMSO (1%) were added to each well after 24 hours
and, then, incubated for 3 days (72 h). Control groups
received the same amount of DMSO. Doxorubicin
(0.058-0.58 ug/ml) was employed as positive control.
Growth of tumor cells was quantified by the ability of

living cells to reduce the yellow dye 3-(4,5-dimethyl-
2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide
(MTT) to a blue formazan product (Mosmann, 1983).
Atthe end of a72 hincubation period, the medium in
each well was replaced by fresh medium (200 pl)
containing 0.5 mg/ml of MTT. Three hours later, the

Arq. Cién. Mar, Fortaleza, 2005, 38:55-63 | 57



formazan product of MTT reduction was dissolved in
DMSO, and absorbance was measured using a multi-
plate reader (Spectra Count, Packard, Ontario,
Canada). Drug effect was quantified as the percentage
of control absorbance of reduced dye at 550 nm. The
extracts that exhibited a growth inhibitory effect
greater than 90% in this pre-screen were selected for
a second experiment in order to determine the IC|
values. In these experiments, the extract concentration
ranged from 2 to 125 pg/ml.

Assay on sea urchins

The test was performed in 24-well plates
following themethod described by Jimenezet al. (2003).
Adultsea urchins (Lytechinus variegatus) were collected
at Lagoinha Beach (Trairi, Ceard State, Brazil). The
gamete elimination was induced by injecting 3.0 ml of
0.5M KClI into the urchins coelomic cavity via the
periostomial membrane. The eggs were washed twice
using filtered sea water to remove the jelly coat
surrounding the cells. Concentrated sperm was
collected with a Pasteur pipette and maintained under
low temperatures until the moment of fertilization.
For fertilization, 1 ml of a sperm suspension (0.05 ml
of concentrated spermin 2.45 ml of filtered sea water)
was added to every 50 ml of egg solution. Each well
received 1 ml of fertilized egg suspension. The algal
extracts were added immediately after fertilization
(within 2 min) and in order to get concentrations of
100 and 1000 pg/ml in a final volume of 2 ml. Only
the extracts considered active in the pre-screen were
tested in this assay. Doxorubicin (58.0 ng/ml) was
used as positive control. The plates were then shaken
on a constant temperature water bath at 26 +2°C. At
appropriate intervals, aliquots of 200 pl were fixed in
the same volume of 10% formaldehyde to obtain first
and third cleavages, and blastulae. One hundred eggs
or embryos were counted for each concentration of
extracts to obtain the percentage of normal cells.

Brine shrimp assay

Brine shrimp (Artemia salina Leach) eggs were
hatched in a beaker filled with sea water under
constant aeration. After 48 hours the phototrophic
nauplii were collected by pipette. The nauplii were
macroscopically counted in the stem of the pipette
against a lighted background. Ten shrimps were
transferred to each well of 24-multiwell plates
containing the samples. The extract concentrations
were 100 and 1000 pug/ml. Only the extracts
considered active in the pre-screen were tested in
this assay. The plates were maintained under
illumination. Survivors were counted after 24 hours
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of incubation and the percentage of deaths at each
dose and control (sea water plus vehicle) were
determined (Meyer et al., 1982).

Hemolytic assay

The test was performed in 96-well plates
following the method described by Jimenezet al. (2003).
Each well received 100 ul of 0.85% NaCl solution
containing 10 mM CaCl,. The first well was the
negative control that contained only the vehicle
(distilled water or DMSO 10 %), and, in the second
well, 100 pl of test substance that was diluted in half
wasadded. The extracts were tested at concentrations
ranging from 0.39 to 200 pug/ml. Only the extracts
considered active in the pre-screen were tested in this
assay. The serial dilution continued until the 11
well. The last well received 20 pul of 0.1% triton X-100
(in 0.85% saline) to obtain 100% hemolysis (positive
control). Then, each well received 100 ul of a 2%
suspension of mouse erythrocytes in 0.85% saline
containing 10 mM CaCl,. After incubation at room
temperature for 30 min and centrifugation, the
supernatant was removed and the liberated
hemoglobin was measured spectroscopically as
absorbance at 540 nm.

Statistical analysis

Data are presented as mean + S.E.M from three
independent experiments. The IC, or EC, values and
their 95% confidence intervals (CI 95%) were obtained
bynonlinear regression usingthe GRAPHPAD program
(Intuitive Software for Science, San Diego, CA).

RESULTS
MTT assay

Among forty-eight tested extracts in the pre-
screen, sixteen were considered active, since they
caused a cell growth inhibition greater than 90%. All
tested species presented some kind of activity in the
acetone extract, while only the dichloromethane
extracts obtained from Gracilaria domingensis and
Gracilaria lemaneiformis were active and also the
aqueous extracts of Codium decorticatum and Lobophora
variegata. In a second set of experiments, the IC_ of
these extracts were determined (Table II). The acetone
extract obtained from Botryocladia occidentalis and the
aqueous extract obtained from Codium decorticatum
were the most active in this assay, exhibiting lower
IC,, values against all tested cell lines, 5.0 and 28.2
ug/ml for HL-60, 43.1 and 16.0 pg/ml for CEM, 24.5
and 14.6 for HCT-8, 10.3 and 45.6 pg/ml for B-16 and



Table II - In vitro cytotoxicity of the alga 1 extracts on five tumor cell lines measured by the MTT assay.

Hlea aparics Extact Call ling IC: e/ n1l
HL-£0 CEM HCT-3 BEla M_EF
Poarbve Control - oo ooz 0. oo 0.20
Doscoriabamn} om-om o001 -00: -0 00Z2-0Mm 017 -0.24
Crmoderpa ane s Aratone a45 8 patil M2 47 =
ZZh-ZBA Z25-395 2457 A 2241 a6.8-48.6
Cemoderpoa ser telarimdea Aratone 837 5 558 arF 831
a6l -6ld o R 498 - 62 A #0-418 slea-fod
Condzzer decowtioabm Aratone 459 »F o8 ar g 62 .4
D28 -392 Fhe-al a9 -402 dl3-455 laa-2335
Arpneonm 82z 150 146 45 A 10.&
258 -549 17-Z15 134 -15% 41 6-501 72-141
Enteromorpha Aratone 183 =Y 425 125 ar
febeabinalza 149224 M1-568 7500 124147 179-_Toa
Lo faataba Aratone als LY Trz M5 611
261 -380 431 -804 T1.F-831 84418 491 -Ten
Botrocladiaoocndertalin Aratone 50 431 245 10z M=
36 -7 Bl1-581 MmF-I89 21-11& l46-282
Graoimia d ommmgemats Aratone 172 Lvg a7l 268 823
11e-254 Zm5-802 435671 HNZ-45N 45815
Dhehlorosnethane 6T S5 495 87 1435
Fla-335 370957 459 585 47 3 -TZ8 1182 -187 5
Gracimd ErmelmaEs Acstone s 27 a33F 145 189
74-162 231-40% Ha-445 1la6-157 FZ2-492
Dhchloromethans 188 50 163 47 2 Ba
TO-303 406-300 111-23% 1-525 99 -a63
Hyrea mecformis | Acstons 05 o 550 05 &2
XEe-351 23-439 ANn-112.3 He-431 HM2-d8n
Lemurerecia papeiiooa Aratone o9 490 1568 1449 e
¥4 -130 ra-10Fs 125-194 nr-1sz2 a0-1451
Rerocimdza capallarea Aratone 455 KD 549 435 e
259575 801 -841 1991150 154 4558
Lobaphora maroogata Aratone o854 a5 Ty 224 437
Hld 1442 05822 Eo R 1454 23449 L
Ao KD 5rn Fan S04 625
RI-8Z8 aF0-938 449 734 M7-T13

The IC,; and its 95 % confidence interval (CI 95%) were obtained by non-linear regression. ND (Not determined)

20.3 and 10.6 ug/ml for MCF-7, respectively. The
acetone extracts obtained from Laurencia papillosa (3
cell lines), Gracilaria lemaneiformis (3 cell lines),
Gracilaria domingensis (1 cell line), Caulerpa racemosa (2
celllines), Enteromorphaintestinalis (1 cell line), Codium
decorticatum (1 cell line) and the dichloromethane
extracts of Gracilaria lemaneiformis (2 cell lines) and
Gracilaria domingensis (1 cell line) also showed
cytotoxicactivity.

Assay of sea urchins

Table III shows the results for the sea urchin
embryo assay using the algal extracts. The acetone
extracts from Botryocladia occidentalis, Ulva fasciata,
Gracilaria lemaneiformis and Hypnea musciformis were

the most active ones, inhibiting more than 50% of
normal development in all analyzed phases at the
smallest tested concentration (100 pg/ml). The
aqueous extract of Lobophora variegata (100 pg/ml)
seemed to lose activity with an increasing time of
incubation, as observed by the low inhibition observed
in the blastulae stage, 12.6 £ 3.9 %, when compared to
the ones observed in the firstand third cleavages, 95.0
+0.6and 95.4£0.6 %, respectively. On the other hand,
the acetone extract of Gracilaria domingensis, and the
extracts obtained with dichloromethane of both
Gracilaria species showed enhanced activity with an
increasing time of incubation, being more active after
the first cleavage at the concentration of 100 ug/ml.
All extracts presented significant activity at the
concentration of 1000 ug/ml.
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Table III — Cytotoxic activity on the sea urchin, Lytechinus variegatus.

Alpal aparies Extract Concentration 1ot Cleavags Ard COleavags Blastiilas
[ugsmly 7 miean + SEM mean + FEM enn +
SEM
Poeitiva Control - &5 1000 £0.0 100 £00 1000 £00
Diomcrubicin
Calerpararroar Aretone 1m 00 +0.6 146 +35.4 g3 +20
1000 1000 £0.0 296 +04 956 0.9
Cemclerpa Aretone 1m 0o+00 332 +42 325 +105
aertulariondea 1000 1000 0.0 1000+ 0.0 1000 £00
Cendfzcrt Aretone 1m 0o+00 FHE+ 40 509
decevi af 1000 1000 +0.0 1000 +0.0 1000 £00
Anuems 1m 105+24 93107 455 6 &
1000 e +lA 995 +03 F18+90
Enteromovpha Aretone 10 nox0n no+00 PrE+09
Tebeabinalta 1000 1000 0.0 100000 1000 £00
L pafaacida Aretone 100 386 +31 934 07 35183
1000 1000 +0.0 100.0+00 [ ]
Botryord adza Aretone 1o a3 +0.3 P25 +07 9985 +035
oo erebaliia 1000 1000 +0.0 1m0+ 00 1000 +00
Graciaria Aretone 100 23509 Ald4 13 951 +24
domE e 1000 1000 0.0 100.0+00 1000 £00
Cichloromathans 100 0o x00 Al17 209 1000 £00
1000 1000 £0.0 100.0+00 17 00
Gracfaria Aratone 1m0 g5 158 gl +14 p25+14
Emmumedfoviis 1000 1000 £0.0 100.0 200 1000 £00
Dichloromathane 10 259 +AZ 100000 1000 £00
1000 1000 £0.0 100000 1000 £00
Hippriea Aretone 100 64 +02 100000 1000 £00
FEACH T A 1000 996101 100000 1000 £00
Lmivencia papilivad Aretone 100 47 +14 41545 4532 +20
1000 1000 +0.0 936 +04 1000 +00
Rerocladia Aratone 100 ?5+14 127 x50 5.5 +%1
capl e 1000 1000 0.0 100.0+00 1000 £00
Lobvphwaroiyata  Aretone 1m 1535+10 A95+15 165 +59
1000 1000 +0.4 100.0+00 1000 £00
Anueos 1m 25004 954 +04 126 +59
1000 1000 £0.0 100.0 200 1000 £00

Brine shrimp assay

Among the sixteen tested extracts, six killed all
nauplii at the concentration of 100 ug/ml: Caulerpa
racemosa (acetone), Codium decorticatum (aqueous),
Lobophora variegata (acetone), Gracilaria domingensis
(acetone and dichloromethane) and Gracilaria
lemaneiformis (dichloromethane), being the mostactive
extracts in this assay (Table IV). The acetone extracts
of Caulerpa sertularioides, Ulva fasciata and Botryocladia
occidentalis weremoderately active, presenting lethality
higher than 50% at the concentration of 100 pg/ml.
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The other tested extracts presented low toxicity in this
assay, being active only at the highest concentration
(1000 pug/ml).

Hemolytic assay

In order to verify whether the observed
cytotoxicity is related to membrane disruption, the
selected algal extracts were tested for their ability
to induce lysis of mouse erythrocytes. The results
obtained from the hemolytic assay are presented
in table V.



Table IV — Acute toxicity of the alga extracts on Artemia salina
nauplii.

Algal ppecics Extract Cosummvbratios Lethaliby
[Hg/ o) owan ¥ SER
[¥a)

Crted o Acsbore 100 0D +0D0
IO 10D oo on
Cred oo Aceborm 100 TERE145
sobdwicide i1} 0.0E00
Codizam Acsbore 100 e E DD
d woskicabzan oo DD +33
Aquecus 100 0D +0D0
oo 0D +0D0
Endtoromormia Aceborm 100 S00EDD
Erckoodi oo 10D o0t on
Lo ot Fraict e Aczhom 100 S0LOESE
ooo woo*p
Bobryocledin Acsbore 100 2.3 %33
occidenxlio DD oo+ on
Comecdric Acsbore 100 sssizz
d comi e oot i1} wooton
Dichloromethane 100 wooton
000 wno0tpn

Cowclarin Acstore 100 po*op
[ oot oo oo wooton
Dichleromethane 100 woo*pn
jlila)i] wooton

Hypron Acsbosm 100 pbton
et s pii]a]i] woo*on

Ligesencin Acstore 100 66 E0
pepilloon 000 wooto

Floocdladin Acstore 100 po*op
capEilinc e plaa]i] wootoo
Loboror Aceborm 100 wooton
woriprabe 1000 ooton
Aguecus 100 s 1
000 woo*pn

Table V — Hemolytic activity of the alga extracts on 2% mouse
erythrocytes.

Algalapeciea Extract EC., (101 55%)
pi Sl
Crtclorpe racomoa Acetone > 2000
Corclerpe acrirdnriides Acetone > 0.0
Conldcm doonrtiont i Acetone 2000
Aduecns 16.16.9-37.1)
Emteromorphn Stegdmi | Acetone > 2000
Liiow feacrate Acetone > 2000
Sotryodrif occidentrica AtoNe > 2000
Gereflarén domingenata Dichloromethane > 00
Acetone > 2000
Gereflaréin lemmredfosmmia Dichloromethane | 1295 (123.0- 1270
Acetone > 2000
Hypreo secaeiforseda Acetone > 00
Letcrencin pepdinas Acetone > 2000
Prerodadie crpdinom Acetong 10EE (356 -23317)
Lobophore taricgets Acetone 10651 (1043 - 106500
Agueous 7EZipds -0

The EC,, and 95 % confidence interval (CI 95%) were obtained
by non-linear regression

The aqueous extract obtained from the green
algae Codium decorticatum was the most active in this
assay (EC,, = 16.1 ug/ml), followed by the extracts
from Lobophora variegata (aqueous and acetone),
Pterocladia capillacea (acetone), and Gracilaria
lemaneiformis (dichloromethane), which presented EC,|
values of 78.2, 105.1, 108.6 and 129.8 pg/ml,
respectively. The other tested extracts wereinactivein
this assay.

DISCUSSION AND CONCLUSIONS

In this study, the antimitotic potential of 12
macroalgae collected from the northeastern Brazilian
coast was investigated. The in vitro antimitotic
potential was estimated as the ability of these extracts
to inhibit tumor cell line growth and sea urchin egg
development. The toxicity to A. salina nauplii and the
hemolytic activity on mouse erythrocytes were also
evaluated.

According to the criteria of the American
National Cancer Institute, the IC, limit to consider a
crude extract promising for further purification is
lower than 30 pg/mL (Suffness & Pezzuto, 1990).
Considering this criteria, seven of twelve species of
marine algae (four red and three green algae species)
studied presented promising results, given a
particularly high incidence (58.3%) of cytotoxic
activity. Harada et al. (1997) and Xu et al. (2004)
emphasized the antitumor potential of brown and red
algae. Generally, their antitumor potential is related
to the presence of polysaccharides. The extraction
protocol used in the present work led to a differential
extraction according to the polarity of the compounds,
being the presence of polysaccharides expected to the
aqueous extracts, which were, indeed, not very active.
In the screening performed by Harada et al. (1997),
cytotoxic activity was frequently found in methanol
extracts, while Xu et al. (2004) showed that ethanol
was the best solvent for extracting purposes, in the
presentwork the acetone extracts were the mostactive.

The most interesting result was obtained with
acetone extract of Botryocladia occidentalis, that
inhibited the growth of four out of five tumor cell lines
used in this study with an IC, lower than 25 pug/ml.
The extract also showed antimitotic activity on sea
urchineggsat 100 ug/ml. These activities seemed not
to be related with membrane disruption once this
extract presented no hemolytic activity. Moreover, it
presented only a moderate lethality potential on the
brine shrimp assay. This is the first report on the
antitumor potential of this species. Previous studies
with this alga arerestricted to theisolation of a unique
sulfated galactan, that in fact has a very interesting
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antithrombotic action, simultaneously inducing
platelet aggregation (Farias et al., 2000 e 2001).

The aqueous extract of the green algae Codium
decorticatum also presented strong cytotoxicity on four
out of five tested tumor cell lines. However, it was
extremely potent on hemolytic assay (EC, =16.1ug/
ml), suggesting that the presence of lytic substances
could beresponsible for the observed cytotoxicactivity.
It was also observed a high lethality potential for this
extractin the brine shrimp assay. Previous work with
Codium decorticatum described the presence of an
alcohol with strong toxicity in the brine shrimp assay
(Ahmad et al., 1994), while the antitumor potential
was already described for other species of the genus
Codium (El-Marsy et al., 1995; Harada et al., 1997; Xu
et al., 2004)

The red algae Gracilaria lemaneiformis also
presented interesting results. The acetone extract
inhibited cell proliferation in three out of five tested
tumor cell lines, and also inhibited the urchin
development, while the dichloromethane extract
induced lyses of mice erythrocytes and led to nauplii
death. These data suggest the presence of different
bioactive substances in these extracts.

The extracts of Laurencia papillosa, Gracilaria
domingensis, Caulerpa racemosa, Enteromorpha
intestinalis, Ulva fasciata and Hypnea musciformis also
presented moderate cytotoxic activity. Previous
studies have already demonstrated the occurrence of
cytotoxicactivity in some of these species, like Caulerpa
racemosa, Enteromorpha intestinalis and Gracilaria
domingensis (Ferndndezet al.,1989; Haradaet al., 1997).
On the other hand, no interesting cytotoxic activity
was observed in Caulerpa sertularioides, Lobophora
variegata and Pterocladia capillacea extracts.

Finally, thisstudy revealed that9 among 12 tested
species of marine macroalgae presented some activity
in the applied assays, being that of Botryocladia
occidentalis the most potent one. Further studies are
necessary for chemical characterization of the active
principles and more extensive biological evaluation.
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