
È$'ru;l'{,:):i':;',!,',,!i::,;,':'i:},i:^1i:-T,^'}lo,^,0"Ne,hertands

Revieyv

Nledicinal and pharmaceutical uses of seaweed natural products: A review

Albertus J. Smit
Department of Botany, University of Cape Town, Rontlebosch, 7700,
Biobgy, Faculry of Science, University of KtvaZulu-Natal, Wesnille
South Alrica
* Atrthor fo r c o rre s p o nû ente ( e -mail : aj s mit @ s c ie nc e. uc t " ac. ?,a )

Received 15 August 2003; revised and accepted 2l April ?004

" l , r  <

South Africa; Current address: School of
Campus, Private Bag X54001, Durban, 4000,

Key words: biological activity, macroalga, medicine, pharmaceuticals, pharmacology, seaweeds

Abstract

In the last three decades the discovery of metabolites with biological activities from macroalgae has increased
significantly. However, despite the intense research effort by academic and corporate institutions, very few products
with real potential have been identified or developed. Based on Silverplatter MEDLINE and Aquatic Biology, Aqua-
culture & Fisheries Resources databases, the literature was searched for natural products from marine .u.rou[gu.
in the Rhodophytâ, Phaeophyta and Chlorophyta with biological and pharmacological activity. Substances that
cunently receive most attention from pharmaceutical companies foi use in drug development, or from resealchers
in the field of medicine-related research include: sulphated polysaccharides as antivirâl substances, halogenated
furanones from Delisea pulchra as antifouling compounds, and kahalalide F from a species of Bryopsis as a possible
treatment of lung cancer, tumours and AIDS. Other substances such as macroalgal lectins, fucoidans, kainoids and
aplysiatoxins are routinely used in biomedical research and a multitude of other substances have kaown biological
activities^ The potential pharmaceutical, medicinal and research applications of these compounds are cliscussed.

Introduction acûvities or pharmacological properties (bioactivities)
were discovered in marine bacteria, invertebrates and

Global utilisation of macroalgae is a multi-billion dr:l- algae (Mayer & Lehmann, 2000). According to Ireland
lar industry. Much of this is based on farming of ediblc .t ut. ( iggj), atgae have been the source of about 357o of
species or on the production of agar, carrageenan ancl the newly discovered chemicals between lg:.|/*lgg1 ,alginate. Of all seaweed products, hydrocolloids have followed by sponges (Z9Va) andcnidarians (22Vo).The
had the biggest influence on modem western societies. discovery tf n"* products from seaweeds has de-
They have attained commcrcial significance through creased since 1995 and attention has now shifte6 t'
their use in various industries which exploit their phys- marine micro-organisms (Kelecom ,2002).
icalpropertiessuchasgelling,water-retentionandtheir Modern screening prograrnmes are motivated
ability to emulsify (Renn, 1997). Little commercial by the chemical ecology of marine organisms. The
exploitation of products extracted from seaweecls oc- sàlection of samples for assays of biological activities
curs outside the hydrocolloid industry. However, in useable in clrug development is often based on
recent yeils pharmaceutical firms have staned look- ecological observafions and includes specimens with
ing towards marine organisms, including seaweeds, uniqui(usuallychemical)mechanismsiorcopingwith
in their search for new drugs from natural products. environmental pressures (Haefner, 2003). Another
These products a-re also increasingly being used in avenue for 4iscovery of novel compounds is through
medical and biochemical research. Prior to the 1950s, assaying for marine toxins. Toxins in macroalgae are
the medicinal properties of seaweeds were restricted tr: ,.or.*rihrn in microalgae and cyanophytes, antl only
trtdit ional and folk meclicines (Lincoln et al., l99l). ahandfulofsuchtoxinshavebeendescribed.Research
During the 1980s and 90s, compounds with biological into the active insredients of seaweeds used in folk
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remeclies underlies another area of drug discovery.

Since pharmaceuûcal companies have access to

exiensive libraries of nafural products, and many

compounds are of marine origin, high-throughput

aulomated systems can be usedr.for ftpid screening in
the search for new drugs (Cordell, 2000).

This review focuses on important bioactive chemi-

cals identified in macroalgae in the Rhodophyta, Phaeo-
phyta and Chlorophyta over the last three decades
and describes the range of biological activities for
which they are responsible. Focus is placed on the
main classes of compounds that could be of medici-
nal and pharmaceutical value. The use of macroalgal
constituents as research tools in medical research is
also covered. Emphasis is placed on active substances
that elicit biochemical responses in animals and plants,
rather than those that are used for their physical prop-
erties such as mycosporine-like amino acids as UV
sunscreens, phycobiliproteins as fluorescent [ags, or
alginâtes and carrageenans in tissue engineering. The
health benefits of constituents of edible seaweeds nnd
their role in nutrition and disease prevention is also ex-
cluded from the review. as much research remains to
be done before science-based dietary recommendations
can be made (Kris-Etherton et al., 2002).

Methods

The largest part of the peer-reviewed publications
was obtained from literature searches of two on-
line databases. Silverplatter MEDLINE was used
to ûnd records of present and potential medicinal,
bio-medical and pharmaceulical uses of macroalgal-
derived products. MEDLINE Çovers the period from
1966 to present, and includes more than l1 800 000
records in 3 800 joumals from about 70 countries
(http ://www.ovid.com). The research j ournals Aquatic
Biology, and Aquaculture & Fisheries Resources ac*
cessible via Biblioline (http:i/www.nisc.com) were
also used. This database contains more thân I 100 000
records and extends back to 197 1. English records were

extracted using the list of search terms:

(seaweed* or macroalg+) and ((biol+ and activ*) or
(secondary and metabolite*) or anti* or çytotox* or
carrageenan* or agar* or algin* or inhibit+).

The wildcard '*' is used to expand the abbreviated
term in the search; for example, anti* searches for any
tcnl in which 'anti '  occurs as e prefix, such as an*
tiviral, antibacterial c'rr antitumour. A series of review
artic:lcs on marinc natural products was also locatetl,

ând this gave additional information that might have

been missed by the electronic searches.

Much of the work on biological activities has been

clone using crude aqueous extracts and fractions of

these extracts and these are usually not reported here.

The review was limited only to activities that have been

associated with a particular known compound or at the

very least a broad group of compounds such as sul-
phated polysaccharides.

Antivirnl activity

Some sulphated polysaccharides from red algae

show antiviral activities towards viruses responsi-
ble for human infectious diseases. Most notable are

Aghardhiella tenera and Nothogenia Ïastigiatt.
Witvrouw et al. (1994) tested a galactan sulphate

fromAghardhiella tenera, and Damonte et al. (1994)

and Kolender et al., (1995) a xylomannan sulphate

from Norâoge niafastigiata against human immunode-
ficiency virus (HIV), Herpes simplex virus (HSV) types

I and 2 and respiratory syncytial virus (RSV). These
polysaccharides are active during the first stage of the

RNA virus replication when the virus adsorbs onto the

surface of the cell (De Clercq, 1996, 2000). An impor-
tant requirement of an antiviral polysaccharide is that it

must have very low cytotoxic activities towards mam-

malian cells, and most of the algal polysaccharides, par-

ticularly those of Aglra rdhiella tenera and Nothogenia

fastigiata, have this characteristic (De Clercq, 1996).

Canageenans (Figure 1) demonstrate potential in

virro antiviral activity. Carlucci et al. (1997, 1999a,
1999b) noted that l-carrageenan and partially cyclized
p,/i-canageenan from Gigartina skottsbergii have po'

tent antiviral effects against different strains of HSV

types I and 2 during the virus adsorption stage. Car-
rageenans from cystocarpic and tetrasporophytic stages
of Stenogramme interrupta show similar antiherpetic
activiry (criceres et al., 2000). Zeitlin et al. (1997)

tested a range of antiviral substances for their possi-

ble effecûveness as vaginal rnicrobicide against gen-

ital herpes in mice, and found that canageenan and

fucoidan, or fucoidin, are good candidates for further

development. None of these studies have shown that

carrâgeenâns exhibit significant levels of cytotoxicity

or antiÇoagulant activity. A carrageenan-based vagi-

nal rnicrobicide called Carraguard has been shown to

block HIV and other sexually transmitted diseases in

vitro. Cnraguaril entered phase lll clinical trials involv-

ing 6000 non-pregnànt, HlV-negaûve women in South

Africa irnd Botswana in 2003 (Spielcr, 2002).
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Figure J. Idealised srrucrures of p-carrageenan (1), t-canageenan (2), r-canageenan (3) and /-canageenan (4)' Some carrageenans have

potent antivirrl activitics against several snains of HSV types I and 2. A carrageenan-brsed rnicrobicide, Canaguard, is currently un-

dcrgoing phare III clinical trials; it is used to block HIV antl other sexually uansmitted diseases in vitro. Chondriamide A (5) from

Chondria atropr.rpurea shows antiviral activity against HSV rypc II and cytotoxicity against human nasopharyngcal nnd colorectal cancer

cells. Chondriamide C (6), also from Chondria atrcputpurea, <lisplays cytotoxic and in vitro anùelmintic propertie$. The cyclic depsipep-

tides kahalalide A (7) nnd F (8) are produced by a species of Bryoptis. Both show in vùm activity against M.vraùacterium uberculosis'

Kahalalide F has anti-HIV qualities *hi.h t e being further studiecl in clinical trisls anr{ its effectivcness as treôtment of lung cancers and tu-

mours are also being stutlied. (52)-l-brom*5-(bromomethylene)-3-butyl- 2(5IJ)-furanone (9) is a halogenâted compotnd ftom Delisea pulchra

which disphys strong antifouling properties.
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A sulphated polysaccharide from Schi4tmenia
pacifica inhibits HIV reverse transcriptase in vitro
(Nakashima et al., 1987a, 1987b), a later stage in HIV
replication. It has minimal effect on humân DNA and
RNA polymerase acrivity. Sorqe agaroids such as high
molecular weight galactan sulphate from Gracilaria
conicata have antiviral properties against HSV types
I and 2, and this action is likely due to an inhibition of
the initial virus attachment to the host cell (Mazumder
et al., 2002).

Fucoidan has potent antiviral properties towards
viruses such as RSV (Malhotra er al., 2003), Hry
(Sugawara et al., 1989), HSV types I and 2 and hu-
man cytomegalovirus (Feldman et al., 1999; Majczak
et al., 2003; Ponce et al., 2003). The antiviral prop-
erties of fucoidan seem to stem from inhibiting bind-
ing of the viral particle to the host cell (Baba et al.,
1988). It has the additional benefit of inhibiting bind-
ing of sperm to the zona pellucida in humans (Oeninger
et al", l99l), thus allowing for the compound to be de-
veloped into a possible vaginal microbicide with con-
traceptive properties. Uncharacterised polysaccharide
fractions obtained from Caulerpa sp., Corallina sp.,
Hypnea charoide s, Padina arbore scens and,Sargassr,rn
patens also have high antiviral activity against HSV
types I and 2 while maintaining low levels of cytorox-
icity (Zhu er â1., 2003).

The antiviral activities discussed thus far are for
algal polysaccharides, bur other compounds exhibit
similar properties. Chondriamide A (FigLre l) from
Chondria atropurpurea shows antiviral activity against
HSV type II (Palermo et al., 1992). Kahalalide F
(Figure l) produced by a species of Bryopsis has
also been noted for its effectiveness in some AIDS
study cases, and its antiHIV qualites are being further
studied in clinical trials (Hamann et al., 1996; Haefner,
2003).

Antibiotic activity

Chemicals responsible for antibiotic activities are
widespread in macroalgae. Interesting substances in
particular are the halogenated compounds such as
halofbrms, halogenated alkanes and alkenes, alcohols,
aldehydes, hydroquinones and ketones (Lincoln et al.,
199 I ). The list of terpenoids with antibiotic qualities is
especially long, and rnany of these are also halclgenated.
Conrpounds such as sterols and heterocyclic and phe-
nolic compounds sornetimes have antibiotic properties.
N{any of thcse could be tleveloped into antiseptics atrd
cleansing agents, but their antibintic activity ln vivo is

often only achieved ât toxic concentrations (Lincoln
et  a l . ,  l99 l ) .

The depsipeptides kahalalide A (Figure l) and F
from BryopsiJ sp" were noted for their in virro activity
against Mycobacterium tuberculosis (el Sayed et al.,
2000), but ùe future of these peptides seems to lie
with the development of kahatalide F for treatment of
lung cancer, tumours and AIDS.

A promising antibacterial agent is a halogenated
furanone, or fimbrolide, that belong to a class of
lactones (Figure l) from Delisea pulch.ra. It has been
examined for its effectiveness as an active ingredient
in bacterial antifouling agents (Kjelleberg & Stein-
berg, 2001), and as a possible trearrnent for chronic
Pseudomonas aeruginosa infection. Pseudomonas
aeruginosa infection is characterised by the production
of mucoid alginate and formation of a 'biofilm' in
the lungs of cystic fibrosis sufferers (HÊiby, ?002).
Inhibition of bacterial colonisation is achieved by the
inhibiting effect of furanone on the quorum sensing
mechanism of cells by functioning as an intercellular
signal antagonist. The result is a disruption of intra-
and i nter-species cell-cell com:nunication (Rasmu ssen
et al., 2000). The effect has been observed in a wide
range of Gram-negative bacteria. Effects are seen on
the swarnring of Serratia liquefaciens (Rasmussen
et al., 2000) and the bioluminescence and virulence
in several pathogenic Vbrio species (Manefield et al.,
2000; Kjelleberg & Steinberg, 2001). It also jnhibits

carbapenem antibiotic synthesis and exoenzyme
virulence factor production in the phytopathogen
Enuinia carotovora (Manefield et al., 2001).

Agglutination, coagulation and the stimulation
of cell migration

Macromolecule recognition processes are common in
cells and their specificity is their most important char-
acteristic. Many research programs exploit recognition
events and these have become focus areas of research
in biology, chemistry, medicine and pharmacology.
Biological reâctions that involve recognition events
include processes such as cell agglutination and
coagulation, the sûmulation of cell migration and
fertilisation.

Lectins, sometimes referred to as haemagglutinins
or agglutinins, are glycoproteins with an ability to ag-
glutinate red blood cells (Boyd & Reguera, 1949). Vari-
ous polysaccharides are present. on cell surfaces, and as
a result many cells including rnicrobes and yeasts (e.g.
Patchet tet  a l . ,  1991 ;  B i rdeta l . ,  19921 Cisarcta l . ,  1995),



tumour cells (Hori et al., 1986) and erythrocytes are
selectively agglutinated by lectins (Chen et al., 1995).
Lectins are inhibited by sugars of the same type as those
on the surface of the cells be ing agglutinated (Sharma&
Sahni, I 993). They are useful in exploring properties of
biological sfuctures and processes, and have fnund ap-
plicaûons in biology, cytology, biochemistry, medicine
and food science and technology. Lectins ftomCodium
spp. have been developed into commercially available
reagents and are rourinély used in biochemical studies.

Lectins with haemagglutinating propertiôs occur in
a variety of red, green and brown algae (e.g. Rogers &
Hori, 1993; Benevides et al., 1998; Shanmugan et al.,
2002). They react with a wide array of erythrocytes,
including human blood group types. Agglutination re-
actions with human blood groups have led to their use
in assays for blood typing. Lectins are also used to char-
actedse cell-surface polysaccharides or to examine cell
binding pâttems in lectinosorbent assays (Llovo et al.,
1993; V/u et al., 1996; Wu et a1., 1998). Lectins from
Codiumfragile subsp. tornentosoides have been devel-
oped into a histochemical reagent by coupling them to
colloidal gold, forming a lectin-gold conjugate. This
conjugate is useful for studies of the surface topogra-
phy of cells of animal tissues (Griffin et al., ig95).

Other common examples of lectins from macroal-
gae are hypnins A*D in Hypnea japonlca (Hori et al.,
1986), a sulphated polysaccharide in Gracilaria ver-
rucosa (Kakita et al., 1997) and a haemagglutinin in
an ammonium sulphate fraction of a buffer extract of
Gracilaria chorda (Kakita & Kiramura, 2003). Anri-
coagulant effects are often related to the sulphate and
sugar content of the components (Jurd et al., 1995;
Shanmugam et al., 2002). Cell migration is also stim-
ulated by lectins. For example, the lectin amansin
from Amansia multifda, induces neutrophil migration
in vitro and in viyo in the peritoneal cavity or dor-
sal air pouch of mice (Neves et al., 2001). Lastly,
lectins from Gracila riuverrucosa induce morphologi-
cal changes and growth suppression in the dinoflagel-
Iare Chatonella antiqua (Tanabe et al., 1993).

Activities related to ccllular growth

Mitogenic activiry

Mitogenic âctivities, the stimulation of mitosis in pre-
viously non-dividing cells, have been demonstrated
in mouse lymphocytes using lectins from Eucheuma
serra (Kawakubo et al., 1997). Amansin isolated from
Amttnsia multifida has been found to stimulate periph-
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eral blood mononuclear cells and cruses a graclual
rcduction in mitogenic capircity with progressive in-
crease in the lectin concentration (Lima et al., 1998).
Fucoidan enhances new blood ve,ssel formation by
modulating the expression of surface proteins (Matou
et al., 2002), and lipogenic activity has heen demon-
strated for lectins fram Codium fragile in isolated rat
and hamster adipocytes (Ng et al., 1989).

Ëffects on fe rtilisation and larv al tlev e lopment

Vnrious seaweed-derived compounds affect fertill-
sation and larval or embryonic development in both
invertebrates and vertebrates. Fucoidan inhibits the
initial binding of sperm and subsequent recognition
events necessary for penetralion of the human zona
pellucida (Oehninger et al., 1991; Patankar et al.,
1993). This property of fucoidan, together with its
antivbal activity, makes it a potential candidate for
development into vaginal microbicide with contracep-
tive properties (Baba et al., 1988; Zeitlin et al., 1997).
Premakumara et al. (1996) identified a sphingosine
derivatii,e from Gelidiella qcerosa as a post-coital
contrâgestative agent in srudies on pregnant rats.
The action of the orally administered substance is
via an antiprogesterone mechanism with no maternal
toxicity (Premakumara et al., 1995). The lectin
diabolin isolated fram laminaria diabolica causes
the development of a fertilisation envelope around
unfertilised eggs of the sea urchin ly'enrlcentrotus
pulcherrimu.r, thus preventing cleavage (Nakamura
& Moriya, 1999; Nomura et al., 2000). Terpenoids
are also known for their effects on fertilisation and
subsequent development of embryos. For example,
cnulerpenyne, a sesquiterpene from Caulerpa t*ri-

folia, affects embryogenesis, larval development and
metamorphosis of the sea urchin Paracentotus lividus
(Pesando et al., 1996, 1998). It also interferes with
microtubule-dependent events during the lirst mitotic
cycle of sea urchin eggs (Pe&otti & Lemee 1996),
and affects regulation of intracellular pH in sea urchin
eggs and sea bream hepatocytes (Calgani et al., 1996).

Cytotoxicity, antimitagenic, anticanc€ r and
antitumour properties

Kahalalide F which is produced by Bryopsis sp. and
subsequently assimilated by the grazer f lysia rufescens
has anticancer and antitumour properties (Hamann

& Scheuer, 1993; Hamann et al., 1996). ft is effec-
tive in contrrrlling tumours that cause lung, colon and




