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Malaria, which is caused by multiplication of the protozoan parasite Plasmodium falciparum in
erythrocytes, is a major health problem in many southern countries. There is an urgent need to
discover new antimalarials, due to the spread of chloroquinine resistance and the limited number of
available drugs. Among marine invertebrates, Porifera (sponges) are potential source of novel bioactive
compounds to provide future drugs against malaria, cancer and a range of viral diseases. A number of
sponge-derived antimalarials have been discovered during the last decade. The compounds are mostly
nitrogen containing ones (proteins, pyridines, tyrosine-based metabolites, alkaloids, indoles and
amides) and also non-nitrogenous compounds (terpenes, polyketides and polysaccharides).
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INTRODUCTION

Malaria is the most important parasitic disease, leading to
annual death of about one million people (Penet et al.,
2007). The difficulty of obtaining an antimalarial vaccine
along traditional lines, because of the highly adaptive
character of the malaria parasite, prompts a ceaseless
need for new drugs. The characterization of the kinome of
the human malaria parasite Plasmodium falciparum has
revealed profound divergences, at several levels,
between protein kinases of the parasite and those of its
host (Doerig et al., 2007). The malarial parasite, P. falci-
parum is genetically diverse and it has multiple indepen-
dent origins of mutations in genes that confer resistance
to widely used antimalarial drugs (Mu et al., 2003). About
500 million new cases reported annually is a challenge to
vaccines or drug therapy (Joshi and Viswanathan, 2006).
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Drug resistance accompanied by lack of progress in the
development of vaccines or resistant reversal agents has
further aggravated the situation. The increasing number
of multidrug- resistant Plasmodium strains warrants ex-
ploration of new antimalarials of natural origin especially
marine sponges.

Marine sponges as pharmacy

Pharmaceutical interest in sponges was aroused in the
early 1950’s by the discovery of a number of unknown
nucleosides: spongothymidine and spongouridine in the
marine sponge Cryptotheca crypta (Bergmann and Fee-
ney, 1950, 1951). More than 15.000 marine products
have been described up to now (Lit, 1999; Faulkner,
2000, 2001, 2002). Sponges are champion producers,
concerning the diversity of products that have been
found. They are responsible for more than 5300 different
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Table 1. Chemistry and activity of bioactive compounds from marine sponges. Chemistry: (k).
terpenes:diterp:diterpenes, sester:sesterterpene,sesquit:sesquiterpene, (l). polyketides,(m). e,sesquit :

sesquiterpene, (I). polyketides, (m).

Drug class Compound Chemistry
Antimalarial Papuanoate TerpeneK D’mbrosio et al., 1998
" Kalihinol A Diteer Miyaoka etal., 1998
Oroidin Pyrrolm Konig et al., 1998
Anticoagulent Halisulfate Suvanine Sesterk Kimural et al., 1998
Antifungal Cyclolithistid A Depsipm Clark et al., 1998
Antifungal Spongistatin Maacrolide' Pettit et al., 1998
Antifungal Acanthosterols Sterols Tsukamoto et al., 1998
Antiplatelet Mycaloilide-B Macroilde' Sugidachi et al., 1998
Antiviral Frondosin Sesqui[ Hallock et al., 1998
Antiviral Adociavir Protein O’Keefe et al., 1998
Antitumor Elenic acid Alkylphenol Juagdan et al., 1995
" Callystatin A Polyketide Kobayashi et al., 1997
Axinellins A& B Cyclic peptide Randozzo et al., 1998

Nitrogen- containing compounds: depsi:depsipeptide.

products and every year hundreds of new compounds are
being discovered (Faulkner, 2000, 2001, 2002).

Most bioactive compounds from sponges can be clas-
sified as anti-inflammatory, antitumour, immuno- or
neuro-suppressive, antiviral, antimalarial, antibiotic or
antifouling. The chemical diversity of sponge products is
remarkable. In addition to the unusual nucleosides, bio-
active terpenes, sterols, cyclic peptides, alkaloids, fatty
acids, peroxides, and amino acid derivatives (which are
frequently halogenated) have been described from spon-
ges (Tramper, 1999).

Marine sponges have a potential to provide future
drugs against important diseases, such as malaria, can-
cer and a range of viral diseases (Aneiros and Garateix,
2004). Of 10,000 marine sponges, 11 genera are known
to produce bioactive compounds, and only three genera
(Haliclona, Petrosia and Discodemia) are known to pro-
duce anti-malarial, anticancer and ant- inflammatory com-
pounds. The marine sponges continue to attract attention
as rich sources of structurally novel bioactive secondary
metabolites (Table 1).

Production of bioactive compounds

Marine animals in general and marine invertebrates in
particular are promising organisms for synthesis of novel
bioactive compounds. This is an adaptation strategy to
thrive in the extreme environmental conditions of the sea
and as a defense strategy to escape from predators by
the marine invertebrates especially soft bodied animals
like sponges (Werner et al., 2004).

Focusing on sponges, a conceptual progress occurred
with the study of Thakur et al. (2003), who suggested that
marine animals and their symbiotic microorganisms (bac-

teria and fungi) produce an array of bioactive compounds
against foreign attackers. A recent concept is the notion
that symbiosis is driven by environmental biotic cons-
traints. The host (sponge) synthesizes bioactive com-
pounds that provide protection against attacking micro-
organisms or eukaryotes, e.g., acetylenic compounds
(Richelle-Maurer et al., 2003). The symbiotic bacteria or
fungi produce secondary metabolites that act as antibio-
tics, e.g., cribrostatin (Pettit et al., 2000), or as cytostatic
agents, e.g. sorbicillactone-A (Bringmann and Lang,
2003). Functionally, these compounds act only as defen-
se molecules. Another functional class of secondary
metabolites of sponges and their associated microorga-
nisms play a dual role: they are involved in defense as
well as in the activation of pathways crucial for self-
defense (Werner et al., 2004). The sponges possess
molecules similar to and homologous with those of the
innate and adaptive immune systems of higher metazoa
(Muller et al., 1999).

Antimalarial compounds

The compound manoalide from a Pacific sponge has
spawned more than 300 chemical analogs, with a signi-
ficant number of them going to clinical trial as antimalarial
agents (Jha and Zi-rong, 2004). A number of cyclic pero-
xides have been isolated from the marine sponges belon-
ging to the genera Mycale, Chondrilla, Sigmosceptrella,
Plakortis, Plakiinastrlla, Latrunculia, Diacarnus and Xes-
tospongia. Phloedictins extracted from the reef sponge
Oceanapia fistilosa are antimalarial in nature. The phloe-
dictins belong to a family of alkaloids and are composed
of a lateral poly-N chain and a variable- length of carbon
chain. There are 3 groups —A, B, C based on the structu-
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Figure 1. Chemical structures of the cycloperoxides under study and
related compounds. Plakortin (a) dihydroplakortin (b) plakortide E (c)
peroxyplakoric acid B3 (d) plakortide | (e) and plakortide L (f).

Table 2. Antimalarial products derived from sponges.

Compound Class of compound Sponge sp. & Order Reference
Manzamine-A | Manzamine alkaloid Haliclona sp./Haplosclerida Ang et al., 2001
Diterpene isocyanates Cymbastela hooperi / Halichondrida Konig et al., 1996

Isothiocyanates & isonitriles
Norditerpenoid & Norsesterterpenoid Endoperoxides

Diacarnus levii/ Poecilosclerida
D’ Ambrosio et al., 1998

Axisonitrile-3 Sesquiterpenoid isocyanide

Acanthella klethra,/ Halichondrida Angerhofer et al., 1992

Kalihinol-A

Isonitril-containing kalihinane diterpenoid

Acanthella sp../ Halichondrida Miyaoka et al., 1998

tural variation that can occur in the lateral chains of
variable length and degree of unsaturation. Phloedictins
types B and C carry an additional sulfurated poly-N chain.
Twenty- five different compounds that belong to phloedic-
tins are known from O. fistilosa. Simple monocyclic 1,2 -
dioxane derivatives exhibit antimalarial activity due to the
functional group at C-3, in addition to the endoperoxide
bond. Contrastingly plakortin and dihydroplakortin, both
lacking functionality at C-3, have significant antimalarial
activity (Figure 1) (Ernesto Fattorusso et al., 2002).

A number of sponge-derived antimalarial compounds
have been discovered during the last decade (Table 2).
Sponge derived compounds are mostly nitrogen-con-
taining ones (ie. proteins, peptides, pyridines, tyrosine-
based metabolites, alkaloids, indoles and amides) and
also non-nitrogenous compounds (terpenes, polyketides
and polysaccharides) (Aleejandro and Virgina, 2000).
Kalihinol- A from an Acanthella sp. (Miyaoka et al., 1998)
and a number of terpenoid isocyanates, isothiocyanates
and isonitriles from Cymbastela hooperi (Kdnig et al.,
1996) display in vitro antimalarial activity against P.
falciparum . Also a number of free carboxylic acids from
Diacarnus levii were used as precursors to yield a

number of new cyclic norditerpene peroxides after
esterification. These epidioxy-substituted norditerpenes
and norsesterterpenes displayed selective activity against
both chloroquine-sensitive and chloroquine resistant P.
falciparum strains (D' Ambrosio et al., 1998). Manza-
mines are the most promising antimalarial compound that
has been discovered in a number of sponges (Sakai et
al.,, 1986; Ang et al.,, 2000; Youssaf et al., 2002). This
antimalarial effect of manzamine-A is due to an enhanced
immune response (Ang et al.,, 2001). Youssaf et al.,
2002). This antimalarial effect of manzamine-A is due to
an enhanced immune response (Ang et al., 2001).

e

b
a

Figure 2. Chemical
Halenaquinone.

structures of a, Xestoquinone and b.
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Sponges produce mainly noresterpene and norditer-
pene peroxide acids and some of them such as sigmo-
sceptrellin-A, and its C-3 epimer sigmosceptrellin-B, are
shown to possess in vitro activity against Plasmodium (El
Sayed et al., 2001) . The sponges of the Plakinidae family
(Plakinastrella and Plakortis), which are prominent mem-
bers of both Caribbean and Indo-Pacific coral reefs
produce polyketide metabolites containing six or five -
membered 1,2-dioxygenated rings. Starting from the
isolation of the parent compounds such as plakortin
(Higgis and Faulkner, 1978) and chondrillin (Wells, 1976),
Plakortis sponges have been recognized as prolific
sources of 1,2-dioxide, 1,2- dioxolane and 3-alkoxy-1,2-
dioxine (Peroxyketal) compounds. The red sea sponges
Sigmosceptrella prianos in South African Plakortis are
known to produce Norseterpene and sigmosceprellin
(Rudi et al., 1993).

Some of the recent papers reporting on the antimalarial
activity of simple monocyclic 1,2-dioxane derivatives have
appeared. Synthetic and natural 3-alkoxy-1,2-dio-xine
and 3-alkoxy- 1,2-dioxiane (peroxyketal) derivatives
shown to possess good antimalarial activity (Murakami. et
al., 2002). In both classes of these molecules the sub-
stituent at position 3 could partly mimic the non-peroxidic
oxygen atom of artemisinin. Good antimalarial activity
was also recently reported for a 1,2-dioxane derivative
substituted at position 3 with an , unsaturated ketone, and
interestingly, the corresponding molecule lacking the
carbonyl function was completely inactive (Hu et al.,
2001). Studies of Kawanishi et al. (2004) show the struc-
ture and activity relationship of antimalarial spongean
peroxides and the authors synthesized several analogues
concerning with the 6- methoxyacetyl moiety and the 3-
pentyl residue in methyl [2-(3-methoxy-3-pentyl-1,2-
dioxan-6-yl) acetate and then evaluated for antimalarial
activity.

A new bioactive sesterterpene and antiplasmodial
alkaloids were isolated from the marine sponge Hyrtios
cf. erecta in Fiji (Kirsch et al., 2000). Anthony et al. (2001)
reported the inhibition of heme detoxification processes
underlies the antimalarial activity of terpene isonitrile
compounds from marine sponges. Most promising tetra-
hydropyrrolo[1,2- ] pyrimidinium, bis-indole, and C11-N5
alkaloids reported from sponges particularly, mixed-
biogenesis -galactosyl ceramides from sponges (Pietra,
2006). Dominique et al. (2006) identified antimalarial
potential of xestoquinone (Figure 2), a protein kinase inhi-
bitor isolated from a Vanuatu marine sponge Xesto-
spongia sp. Xestoquinone showed in vitro antiplasmodial
activity against a FCB1 P. falciparum strain with an 1IC50
of 3 IM and a weak selectivity index.

Manzamines are a structurally unique group of -carbo-
line alkaloids isolated from several marine sponge spe-
cies of the Indian Ocean and the Pacific Ocean.

Manzamine-A was initially isolated from Haliclona sp.
(Sakai et al., 1986) but has been subsequently found in
other genera of marine sponges, including Pellina, Pa-

chypellina, Xestospongia, Ircina, and Amphimedon
(Kenny et al., 2000) . In addition, more than 30 other
com-pounds structurally related to manzamine-A have
been isolated from sponges and characterized; these
inclu-de  8-hydroxymanzamine-A and the Kketone
derivative manzamine-F. The origin, isolation, and
chemistry of various manzamines with the complete
synthesis of manzamine-A being recently reported
(Wright et al., 1996). Ang et al. (2000) isolated
manzamine-A, , - carboline alkaloid in several marine
sponges, inhibiting the growth of the rodent malaria
parasite Plasmodium berghei in vivo. They also
suggested the manzamine- A and 8-hydroxymanzamine-
A, as promising new antimala-rial agents.technical status
of different methods to pro-duce sponge.

Conclusion

The rich diversity in bioactive compounds from sponges
has provided molecules that interfere with the patho-
genesis of a disease at many different points, which inc-
rease the chance of developing selective drugs against
specific targets. Marine sponges have provided many
examples of novel secondary metabolites that possess
varied chemical status and potent antimalarial activity.
Marine natural products provide a novel and rich source
of chemical diversity that can contribute to design and
development of new and potentially useful anti-mala-rial
agents. Unfortunately, these secondary metabolites are
usually present in trace amounts, and natural stocks are
too small to sustain the development of widely available
medicines. The development of ways to obtain large
gquantities of the secondary metabolites is therefore cur-
rently the most important quest. The current metabo-lite
is to study the feasibility of pharmaceuticals from spon-
ges at a large- scale. A combined approach of (gene-
tically modified) bacterial fermentation (to produce a
precursor molecule) followed by a limited number of che-
mical steps to produce molecules that are derived from
sponge chemicals will probably be the most successful
method to develop medicines from sponge metabolites
that are present in low concentrations.

The available data demonstrates that the marine eco-
system is not only productive to discover antimalarial
entities but it is also a tool to identify new cellular targets
for therapeutic intervention. A better understanding of the
molecular determinants of therapeutic response will help
identify patients at risk for severe toxicities or those more
likely to respond to a given therapeutic regimen, thus
paving the way for customized antimalarial therapy to
become a reality in the near future. A proactive interac-
tion between researchers, the pharmaceutical sector and
government regulating agencies is crucial to the incorpo-
ration of this challenging new tool in clinical medicine.
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