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Abstract

The best sources of pharmacologically active compounds from the sea are mostly invertebrates (sponges, soft corals,
gorgonians, sea hares, nudibranchs, bryozoans, and tunicates), microbes (bacteria, fungi and actinomycetes), algae and
mangroves. The bioactive compounds are produced either by the marine organisms or the microbes associated with
them. These compounds are mostly novel ones with potent bioactivity, but still in their preclinical or early clinical stage

of development as drugs.
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INTRODUCTION

Occupying 70% of the world’s surface, accommodating
the world’s most productive ecosystems such as
mangroves, coral reefs efc., containing 34 known living
phyla with more than 0.3 million known species of fauna
and flora (Faulkner, 2001), the ocean has a vast potential
for a huge number of novel chemicals that may be useful
for finding drugs with greater efficacy and specificity
for the treatment of many human diseases (Bergmann
and Feeney, 1951; Faulkner, 2001). The marine
organisms have to withstand extreme variations in
pressure, salinity, temperature etc. and these
environmental variables have facilitated the organisms
to produce varied chemicals of unique features. Among
biological species found in the oceans, the best sources
of pharmacologically active compounds are mostly
invertebrates (sponges, soft corals, gorgonians, sea
hares, nudibranchs, bryozoans, and tunicates), microbes
(bacteria, fungi and actinomycetes), algae, and
mangroves; about which, this article compiles recently
available information.

STATUS OF DRUGS FROM THE SEA

Bioprospecting of marine organisms as sources of
bioactive metabolites that may be directly utilized as
drugs or serve as lead structures for drug development
started in the late 1960s. The systematic investigation
began in the mid-1970s. The earliest discovery is of the
sponge-derived nucleosides spongothymidine and
spongouridine (Fig. 1) (Bergmann and Feeney, 1951).
During the decade from 1977 to 1987, about 2500 new
metabolites were reported from a variety of marine
organisms. These studies have clearly demonstrated that
the marine environment is an excellent source of novel
chemicals, not found in terrestrial sources (Carte, 1996).

So far, more than 10,000 compounds have been isolated
from marine organisms (Proksch et al., 2002). With
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hundreds of new compounds still being discovered every
year (Proksch et al., 2002), about 300 patents on bioactive
marine natural products have been issued between 1969
and 1999. Most of these molecules are still in preclinical
or early clinical development but few are already on the
market, such as cytarabin-e, or are predicted to be
approved soon, such as ET743 Yondelis (Burkhard, 2003).
Table 1 summarizes the marine compounds that have
been patented in recent years.
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from the sponge Cryptotethya crypta

Figure 1. Anti-viral nucleosides from sponges

MARINE MICROBES

More recently, marine-derived microorganisms, which
have immense genetic and biochemical diversity, have
received attention for marine drug prospecting. The
microbial secondary metabolites can be brought in use
in three different ways: (i) the bioactive molecule can be
produced directly by fermentation; or (ii) the fermentation
product can be used as starting material for subsequent
chemical modification; or (iii) the molecules can be used
as lead compounds for a chemical synthesis. But there
also exist major weaknesses in the technology for
conducting drug screens and industrial fermentation
with marine microorganisms as it is estimated that at
least 99% of marine bacterial species do not survive on
laboratory media. Furthermore, available commercial
fermentation equipments are not optimal for use in saline
conditions, or under high pressure (Lene, 1996).
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Recently our research team has successfully extracted
agricultural fungicides (Kathiresan et al., 2005),
biofertilizers (Ravikumar et al., 2004; Kathiresan and
Masilamaniselvam 2005), shrimp feed supplement
(Palaniselvam and Kathiresan 1998) from marine
microbes. All these researches are limited to those marine
microbes which are easily cultured in laboratory. The
genome sequencing makes it possible to visualize
potential metabolic and biochemical capabilities of even
non-culturable marine microbes. One of the future
research trends will be focused on bioactive substances
derived from non-culturable marine microorganisms. A
list of bioactive microbes is given in Table 2.

Bacteria

Even though it is estimated that only a few per cent of
marine bacteria are amenable to culture, some interesting
new metabolites have been reported in the past 5 years.
There is an urgent need to develop new culture
techniques to isolate slow-growing bacteria and those
bacteria that are unique in production of novel natural
products (Jensen et al., 1996).

Most of the marine phyla produce toxins and some
studies show that these marine toxins may be produced
by marine bacteria [Kodama et al., 1988; Kodama et al.,
1990; Simudu et al., 1990]. These toxins are useful in
neurophysiological and neuropharmacological studies.
The major metabolite, macrolactin-A inhibits B16-F10
murine melanoma cells in vitro assays, showing
significant inhibition of mammalian herpes simplex
virus (typeland II) and protecting T lymphocytes against
human immuno-deficiency virus (HIV) replication
(Carte, 1996).

Fungi

Among this group of marine organisms the richest
profile of biologically active metabolites is described from
filamentous fungi (making up about 20%) the vast
majority coming from just three genera: Penicillium,
Aspergillus and Fusarium (Lene , 1996). However, only a
small fraction has been examined for metabolite profile.
Recently, more interest has been generated around
studying biologically active metabolites from higher
fungi (Basidiomycetes), endophytic fungi and
filamentous fungi from marine habitats, the symbiotic
lichens etfc.

In one study, the lignicolous fungus Leptosphaeria
oraemaris (Pleosporaceae) yielded leptosphaerin
(Pallenberg and White, 1986; Schiehser et al., 1986 ). A
further study of the same fungal species yielded none of
the previously found metabolites, but the polyketides,
leptosphaerolide, its 0-dihydroquinone derivative and
leptosphaerodione (Guerriero et al., 1991). This leads to
a conclusion that the production of secondary
metabolites might be highly dependent on the culture
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conditions and the origin of the strains. To produce these
metabolites and to maximize the potential chemical
diversity, they need to be grown in various nutrient-
limited media. For example, media for Penicillium spp.
that are deficient in carbon have been used to produce
penicillins, those that are phosphorus-limited produce
cephalosphorins and vancomycin, and those that are
nitrogen-limited can produce carbapenems (Lawrence,
1999).

Marine-derived fungi are known to be a source of anti-
oxidative natural products, suchas Acremonin A from
Acremonium sp. (Abdel-Lateff et al., 2002),
Xanthone derivative from Wardomyces anomalus
(Abdel-Lateff etal., 2003). Reactions of free radicals such
as super-oxide radical, hydroxyl radical, peroxyl
radical and other reactive oxygen and nitrogen species
are associated with diseases such as atherosclerosis,
dementia, and cancer. Anti-oxidants delay or prevent
oxidative damage. They may thus be useful as
therapeutics or food additives.

Marine Actinomycetes

For more than 50 years, soil-derived actinomycetes of
terrestrial origin provided a major pharmaceutical
resource for the discovery of antibiotics and related
bioactive compounds. However, marine actinomycetes
received very recent attention. Gutingimycin is a highly
polar trioxacarcin derivative from a Streptomyces
species isolated from sediment of the Laguna de
Terminos, Gulf of Mexico (Maskey et al., 2002). The same
Streptomyces species also yielded trioxacarcins D-F 3-5,
in addition to the known trioxacarcins A-C (Maskey
et al., 2002). Among the antibiotic-producing
microbes, marine actinomycetes within the family
Micromonosporaceae are very promising. These
microbes are found to be a potent source of anti-cancer
agents that target proteasome function and their
industrial potentials have been validated by several
pharmaceuticals. A cytotoxic compound. S. chibaensis
AUBN1/7 is produced from Streptomyces chibaensis. It
showed a potent cytotoxic activity against cell lines viz.
Gastric adenocarcinoma and Hepatic carcinoma in vitro
and also exhibited weak anti-bacterial activities against
Gram-positive and Gram-negative bacteria (Gorajana,
et al., 2007).

Algae

It is exciting to note that many algae can convert simple
polyunsaturated fatty acids such as arachidonic acids
into complex eicosanoids and related oxylipids (Gerwick
et al., 1994). Derivatives of arachidonic acids are
important in maintaining homeostasis in mammalian
systems and aberrant production of metabolites of this
class occurs in diseases such as psoriasis, asthma,
arteriosclerosis, heart disease, ulcers and cancer (Carte,
1996). A list of pharmacologicaly important compounds

www.bvgt-journal.com
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from algae is given in Table 3.
INVERTEBRATES

It is generally accepted that sessile, soft-bodied marine
invertebrates (sponges, corals, tunicates efc.,) which lack
physical defenses, produce toxic chemicals to protect
themselves in a very hostile environment and the
chemical defenses have been developing in the oceans
for thousands of years and has resulted in nature’s most
toxic chemicals. Therefore, they are prime candidates to
possess bioactive metabolites because the targets of the
chemical defenses, primary metabolites such as enzymes
and receptors, are highly conserved compared with
secondary metabolites. A list of marine invertebrate-
derived bioactive compounds is given Table 4.

Sponges

A range of bioactive metabolites has been found in about
11 sponge genera. Three of these genera (Haliclona,
Petrosia and Discodemia) produce powerful anti-cancer,
anti-inflammatory agents, but their cultivation has not
been studied (Blunt et al., 2004). Actual research on
sponge natural products was systematically started in
1951 by Bergmann and Feeney who isolated three
nucleosides from the Caribbean sponge Cryptotethya
crypta. Anti-viral properties of these nucleosides were
demonstrated later and initiated the synthesis of
analogues which led to the first anti-viral compound
Ara-A (active against Herpes Simplex virus) and
anti-tumour compound, Ara-C (effective in acute
lymphoid leukaemia). The compounds Ara-A and
Ara-C are the only marine invertebrate-related
compounds in clinical use.

Recently three new spiculoic acids 1-3 and two members
of anew closely related family of natural products named
zyggomphic acids 4 and 5 were isolated from the very
little studied marine sponge Plakortis zyggompha. These
polyketides posses preliminary structures of anti-tumoral
and anti-mycobaterial agents. (Berrue, et al., 2007). The
compound Ircinamine B was isolated from the marine
sponge Dactylia sp., showed moderate activity against
the murine leukemia cell line P388 (Sato et al., 2006.)
Marine sponge, Biemna laboutei, was found to be cytotoxic
to a series of human tumor cells. (Sorek et al., 2006). The
Mediterranean sponge Axinella verrucosa has been
investigated for its alkaloid composition and has been
found to produce a complex mixture of bromopyrrole
alkaloids that display neuroprotective activity against
the agonists serotonin and glutamate in vitro (Aiello,
2006).

Echinoderms

Physiologically active saponins have been studied
extensively from sea stars and sea cucumbers (Dubois
et al., 1988), but not as useful as drugs because of their
tendency to cause cell lysis (Carte, 1996). Even then,
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glycosylated ceramides and saponins continue to be the
major classes of metabolites identified in echinoderms.

A full account of the isolation and characterization of
hedathiosulphonic acids A and B, isolated from a
deep-sea urchin Echinocardium cordatum (Takada et al.,
2001) has been reported(Kita et al., 2002) . Imbricatine
from the sea star Dermasterias imbricata is the first
benzyltetrahydroisoquinolone alkaloid from a non-plant
source (Carte, 1996). A study of the starfish Diplopteraster
multipes indicated a range of sterol sulphates (Levina
et al., 2002). Lysastroside-A, a new steroidal glycoside
was isolated from the starfish Lysastrosoma anthosticta
collected in the Sea of Japan (Levina et al., 2002).

Cnidarians

This group of organisms consists of soft corals,
gorgonians, jellyfish, anemones, and related species. The
discovery of prostaglandin in corals in the late 1960s
contributed greatly to the rapid developments in the field
of marine natural products (Carte, 1996). New examples
of cadinene-skeleton sesquiterpenes, xenitorins A-F,
have been isolated from Xenia puerto-galerae (Duh et al.,
2002).

Tunicates

Ecteinascidin is a new anti-cancer agent isolated from
“the mangrove tunicate” found in the Florida as well as
other areas of the Caribbean. This drug is in human
trials for breast and ovarian cancers and is one of the
most promising new treatments under development for
solid tumors. Ecteinascidin-743 or ET-743 is a
tetrahydroisoquinoline alkaloid derived from the
colonial tunicate Ecteinascidia turbinata, a sea squirt that
lives in clusters in the Caribbean and Mediterranean
seas. The compound was also demonstrated for very
potent activity against a broad spectrum of tumour types
in animal models (Rinehart, 2000).

Tunicates of the genus Eudistoma produce an important
series of compounds known as eudistomins. Eudistoma
olivaceum, a Caribbean tunicate species, produces
specific oxathiazepine-bearing eudistomins that act as
powerful anti-viral agents; but study of these compounds
has been hindered by low availability.

Mollusks

More than 2600 scientific studies over the last 20 years
testify to the important contribution of toxins extracted
from the cone snails to medicine and cellular biology
(Pickrell, 2003). Conotoxins are obtained from the venom
ducts of predatory snails of the genus Conus found
mainly in tropical waters (Duda et al., 2001). The venom
of each Conus species is known to contain between 50
and 200 peptide components. The Conus species have
evolved deadly nerve toxins and small, conformationally
constrained peptides of 10-30 amino acids. These highly
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constrained sulphur rich components or conotoxins
(Adams et al., 1999; McIntosh and Jones, 2001) represent
a unique arsenal of neuropharmacologically active
peptides (Bingham et al., 1996; Heading, 2002) that can
also be used as research tools to target voltage-gated
and ligand-gated ion channels (McIntosh et al., 1999).
Some of the conotoxins block channels regulating the
flow of potassium or sodium across the membranes of
nerve or muscle cells; others bind to N-methyl-D-
aspartate receptors to allow calcium ions into nerve cells;
and some are specific antagonists of acetylcholine
receptors responsible for muscle contraction. Thus,
conotoxin are valuable probes in physiological and
pharmacological studies (Myers ef al., 1993).

A novel anti-HIV protein (Bursatellanin-P) with
molecular weight of 60 kDa has been purified from the
purple fluid of the Sea Hare, Bursatella leachii, which
inhibits the reverse transcriptase (RNA- dependent DNA
polymerase) (Rajaganapathi et al., 2002).

Bryozoa

Most of the extracted products from bryozoans are
alkaloids but comparatively less in quantity. The first
isolation and structure determination of a bryostatin was
performed by George Pettit in the 1980s. One particular
bryozoan, Bugula neritina is the source of a family of
protein kinase-C inhibitors called bryostatins currently
in clinical trials for cancer.

COASTAL MARINEMANGROVES

Mangroves have long been used in fisher-folk medicine
to treat diseases (Bandaranayake, 1998; Kathiresan,
2000). Sixteen plants are the possible source of anti-
cancer drugs, based on traditional knowledge and
preliminary scientific work (Kathiresan et al., 2006).
Mangrove extracts have been proved to kill mosquito
larvae and also to have repellent activity against adult
mosquitoes (Thangam and Kathiresan, 1988, 1989,
1992a, 1992b, 1993a, 1993b, 1994 and 1997; Thangam
et al., 1992).

A few mangrove species, especially those belong to the
botanical family — Rhizophoraceae —are known to have
high anti-viral activity (Premanathan et al., 1992:
Kathiresan et al., 1995). The extracts have proven activity
against human, animal and plant pathogenic viruses
including, HIV (Premanathan et al., 1996), Semliki forest
virus (Premanathan et al., 1995), Tobacco Mosaic Virus
(Padmakumar and Ayyakkannu, 1997), Vaccinia virus
(Premanathan et al., 1994a), Encephalomyocarditis virus
(Premanathan et al., 1994b), New castle disease virus
(Premanathan et al., 1993), and hepatitis B viruses
(Premanathan et al., 1992). Acid polysaccharides
extracted from Rhizophora mucronata are active at a very
low concentration to suppress the drug- resistant HIV
strains (Premanathan et al., 1999a and 1999b). These
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compounds do prevent human blood to clot (Kathiresan
etal., 2006). These properties of mangrove polysaccharides
are advantageous in development of drugs. Lignins
extracted from mangrove leaves of Ceriops decandra have
been shown to protect mice from lethal infection by
human pathogenic E. coli and this activity was attributed
to antioxidant property of the lignins (Sakagami et al.,
1998).

DRUGS FROM THE SEA - WHO ARE THE
PRODUCERS?

It is assumed that microorganisms associated with the
marine invertebrates in particular sponges produce the
bioactive substances as a chemical defense mechanism
against predatory animals and pathogenic bacteria.
Unfortunately, it appears that many obligate marine
symbiotic microbes cannot at present be cultured.

Marine invertebrates harbor microorganisms within
their tissues where they reside in the extra- and
intra-cellular space (Vacelet and Donadey, 1977;
Wilkinson, 1992). The associated microorganisms may
constitute up to 40% of the biomass in sponges such as
the Mediterranean Aplysina aerophoba (Vacelet, 1975;
Friedrich et al., 1999). Many invertebrates are filter feeders
and consume microorganisms from the inhaled
seawater by phagocytosis.

The structures of pharmacologically active natural
products isolated from sponges, tunicates and other
marine invertebrates exhibit striking chemical
similarities to known microbial metabolite. For instance,
the structural features of ET-743 from the tunicate E.
turbinata reveal striking similarities to safracin B, a
metabolite of Pseudomonas fluorescens (Ikeda et al., 1983).
Scytonemin is a protein serine/threonine kinase
inhibitor referred to as a marine natural product (Lene,
1996), but the molecule was in fact isolated from the
cyanobacterium, Stigonema sp. The bryostatins, which
are produced from bryozoans, are actually
synthesized by symbiotic bacterium Candidatus
Endobugula sertula (Davidson et al., 2001).

Another example is symplostatin 1, a close structural
analogue of dolastatin 10 isolated from the marine
mollusk Dolabella auricularia and currently in phase II
clinical trials, is a metabolite of the blue-green alga
Symploca hydnoides (Harrigan et al., 1998). Further
evidence for a dietary origin of dolastatins in Dolabella
auricularia was provided when the same dolastatin
derivatives that had previously been isolated from the
sea hare were detected in free-living cyanobacteria, such
as dolastatin 10 detected in the marine cyanobacterium
Symploca species VP642 38 (Luesch et al., 2001).

Involvement of microorganisms in natural product
synthesis has recently been evidenced for the tropical
sponges Dysidea herbacea and Theonella swinhoei.
Specimens of Dherbacea from the Great Barrier Reef in
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Australia contain the sesquiterpenes spirodysin and
herbadysidolide as well as the chlorinated amino acid
derivative 13-demethylisodysidenin (Unson and
Faulkner, 1993). The sponge tissue is furthermore loaded
with the cyanobacterial symbiont, Oscillatoria spongeline
(Berthold et al., 1982) which comprises close to 50% of
the cellular volume (Bewley and Faulkner, 1998).

However, there is no strong correlation between chemical
class of secondary metabolites and the taxonomic
position of the producing organism exists. Both bacteria
and fungi have been found to produce similar class of
compounds both in complexity, size and activity. It is
found surprisingly that even complicated molecules e.g.
the methoxyacrylates are produced by a very diverse
selection of microorganisms (representing both white
and brown spored Basidiomycetes as well as bacteria).

CONCLUSION

There is a great promise for development of novel drugs
from the sea for the human diseases, which lack
potential drugs to treat. In spite of the advances in
computer-assisted drug design, in molecular biology and
gene therapy, there is still a dire need for new drugs to
treat many serious diseases like cancer and AIDS. It is
necessary to have increased input from marine biology,
microbiology and molecular biology in order to
generate sound knowledge about the biochemical and
genetic mechanisms that are underlying the synthesis
of natural products. With this knowledge, sufficient
quantities of “drugs from the sea” without destroying
natural resources may be achieved.
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