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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 macroalgae
in the Rhodophyta, Phaeophyta and Chlorophyta with biological and pharmacological activity. Substances that
currently receive most attention from pharmaceutical companies fof use in drug development, or from researchers
in the field of medicine-related research include: sulphated polysaccharides as antiviral 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 known biological
activities. The potential pharmaceutical, medicinal and research applications of these compounds are discussed.

Introduction

Global utilisation of macroalgae is a multi-billion dol-
lar industry. Much of this is based on farming of edible
species or on the production of agar, carrageenan and
alginate. Of all seaweed products, hydrocolloids have
had the biggest influence on modern western societies.
They have attained commercial significance through
their use in various industries which exploit their phys-
ical properties such as gelling, water-retention and their
ability to emulsify (Renn, 1997). Little commercial
exploitation of products extracted from seaweeds oc-
curs outside the hydrocolloid industry. However, in
recent years pharmaceutical firms have started look-
ing towards marine organisms, including seaweeds,
in their search for new drugs from natural products.
These products are also increasingly being used in
medical and biochemical research. Prior to the 1950s,
the medicinal properties of seaweeds were restricted to
traditional and folk medicines (Lincoln et al., 1991).
During the 1980s and 90s, compounds with biological

activities or pharmacological properties (bioactivities)
were discovered in marine bacteria, invertebrates and
algae (Mayer & Lehmann, 2000). According to Ireland
etal. (1993), algae have been the source of about 35% of
the newly discovered chemicals between 19771987,
followed by sponges (29%} and cnidarians (22%). The
discovery of new products from seaweeds has de-
creased since 1995 and attention has now shifted to
marine micro-organisms (Kelecom, 2002).

Modern screening programmes are motivated
by the chemical ecology of marine organisms. The
selection of samples for assays of biological activities
useable in drug development is often based on
ecological observations and includes specimens with
unique (usually chemical) mechanisms for coping with
environmental pressures (Haefner, 2003). Another
avenue for discovery of novel compounds is through
assaying for marine toxins. Toxins in macroalgae are
scarcer than in microalgae and cyanophytes, and only
a handful of such toxins have been described, Research
into the active ingredients of seaweeds used in folk
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remedies underlies another area of drug discovery.
Since pharmaceutical companies have access to
extensive libraries of natural products, and many
compounds are of marine origin, high-throughput
automated systems can be usedefor rapid 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 tags, or
alginates and carrageenans in tissue engineering. The
health benefits of constituents of edible seaweeds and
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 find records of present and potential medicinal,
bio-medical and pharmaceutical uses of macroalgal-
derived products. MEDLINE covers the period from
1966 to present, and includes more than 11 800 000
records in 3 800 journals from about 70 countries
(http://www.ovid.com). The research journals Aquatic
Biology, and Aquaculture & Fisheries Resources ac-
cessible via Biblioline (http://www.nisc.com) were
also used. This database contains more than 1 100 000
records and extends back to 1971. English records were
extracted using the list of search terms:

(seaweed™* or macroalg*) and ((biol* and activ*) or
(secondary and metabolite*) or anti* or cytotox* 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
term in which ‘anti® occurs as a prefix, such as an-
tiviral, antibacterial or antitumour. A series of review
articles on marine natural products was also located,

and this gave additional information that might have
been missed by the electronic searches.

Much of the work on biological activities has been
done 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.

Antiviral 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 fastigiata.
Witvrouw et al. (1994) tested a galactan sulphate
from Aghardhiella tenera, and Damonte et al. (1994)
and Kolender et al., (1995) a xylomannan sulphate
from Nothogenia fastigiata against human immunode-
ficiency virus (HIV), Herpes simplex virus (HSV) types
1 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 Aghardhiella tenera and Nothogenia
fastigiata, have this characteristic (De Clercq, 1996).

Carrageenans (Figure 1) demonstrate potential in
vitro antiviral activity. Carlucci et al. (1997, 1999a,
1999b) noted that A-carrageenan and partially cyclized
pli-carrageenan from Gigartina skottsbergii have po-
tent antiviral effects against different strains of HSV
types 1 and 2 during the virus adsorption stage. Car-
rageenans from cystocarpic and tetrasporophytic stages
of Stenogramme interrupta show similar antiherpetic
activity (Cdceres et al., 2000). Zeitlin et al. (1997)
tested a range of antiviral substances for their possi-
ble effectiveness as vaginal microbicide against gen-
ital herpes in mice, and found that carrageenan and
fucoidan, or fucoidin, are good candidates for further
development. None of these studies have shown that
carrageenans exhibit significant levels of cytotoxicity
or anticoagulant activity. A carrageenan-based vagi-
nal microbicide called Carraguard has been shown to
block HIV and other sexually transmitted diseases in
vitro. Carraguard entered phase Il clinical trials involv-
ing 6000 non-pregnant, HIV-negative women in South
Africa and Botswana in 2003 (Spieler, 2002).
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Figure 1. ldealised structures of u-carrageenan (1), A-carrageenan (2), x-carrageenan (3) and /-carrageenan (4). Some carrageenans have
potent antiviral activities against several strains of HSV types 1 and 2. A carrageenan-based microbicide, Carraguard, is currently un-
dergoing phase III clinical trials; it is used to block HIV and other sexually transmitted diseases in vitro. Chondriamide A (5) from
Chondria atropurpurea shows antiviral activity against HSV type Il and cytotoxicity against human nasopharyngeal and colorectal cancer
cells, Chondriamide C (6), also from Chondria atropurpurea, displays cytotoxic and in vitro anthelmintic properties. The cyclic depsipep-
tides kahalalide A (7) and F (8) are produced by a species of Bryopsis. Both show in vifro activity against Mycobacterium tuberculosis.
Kahalalide F has anti-HIV qualities which are being further studied in clinical trials and its effectiveness as treatment of lung cancers and tu-
mours are also being studied. (52)-4-bromo-5-(bromomethylene)-3-butyl- 2(5 H)-furanone (9) is a halogenated compound from Delisea pulchra
which displays strong antifouling properties.
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A sulphated polysaccharide from Schizymenia
pacifica inhibits HIV reverse transcriptase in vitro
(Nakashima et al., 1987a, 1987b), a later stage in HIV
replication. It has minimal effect on human DNA and
RNA polymerase activity. Somge agaroids such as high
molecular weight galactan sulphate from Gracilaria
corticata have antiviral properties against HSV types
1 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 et al., 2003), HIV,
(Sugawara et al., 1989), HSV types 1 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
etal., 1991), 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 charoides, Padina arborescens and Sargassum
patens also have high antiviral activity against HSV
types 1 and 2 while maintaining low levels of cytotox-
icity (Zhu et al., 2003).

The antiviral activities discussed thus far are for
algal polysaccharides, but other compounds exhibit
similar properties. Chondriamide A (Figure 1) from
Chondria atropurpurea shows antiviral activity against
HSV type II (Palermo et al., 1992). Kahalalide F
(Figure 1) produced by a species of Bryopsis has
also been noted for its effectiveness in some AIDS
study cases, and its antiHIV qualities 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
haloforms, halogenated alkanes and alkenes, alcohols,
aldehydes, hydroquinones and ketones (Lincoln et al.,
1991). The list of terpenoids with antibiotic qualities is
especially long, and many of these are also halogenated.
Compounds such as sterols and heterocyclic and phe-
nolic compounds sometimes have antibiotic properties,
Many of these could be developed into antiseptics and
cleansing agents, but their antibiotic activity in vivo is

often only achieved at toxic concentrations (Lincoln
etal., 1991).

The depsipeptides kahalalide A (Figure 1) and F
from Bryopsis sp. were noted for their in vitro activity
against Mycobacterium tuberculosis (el Sayed et al.,
2000), but the future of these peptides seems to lie
with the development of kahalalide 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 1) from Delisea pulchra. It has been
examined for its effectiveness as an active ingredient
in bacterial antifouling agents (Kjelleberg & Stein-
berg, 2001), and as a possible treatment 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 (Hgiby, 2002).
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 inter-species cell-cell communication (Rasmussen
et al., 2000). The effect has been observed in a wide
range of Gram-negative bacteria. Effects are seen on
the swarming of Serratia liquefaciens (Rasmussen
et al.,, 2000) and the bioluminescence and virulence
in several pathogenic Vibrio species (Manefield et al.,
2000; Kjelleberg & Steinberg, 2001). It also inhibits
carbapenem antibiotic synthesis and exoenzyme
virulence factor production in the phytopathogen
Erwinia 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 reactions that involve recognition events
include processes such as cell agglutination and
coagulation, the stimulation 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 microbes and yeasts (e.g.
Patchettetal., 1991; Birdetal., 1992: Cisaret al., 1995),








