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Abstract

In the last decades researchers of natural products chemistry focused their research in a wide variety of bioactive
compounds from marine species. Marine sponges (Porifera) have been ranked very high in the priority of natural
product research because the discovery of a wide range of bioactive chemical components and secondary metabolites
with potential pharmaceutical applications gave promising results. These discoveries have attracted the attention of
pharmaceutical chemistry experts, cell biologists, chemists of natural products and medical practitioners. Since the
1950s, when a number of the first publications appeared in the scientific literature, some bioactive natural chemicals
from marine sponges gave successful examples of pharmaceuticals. Initial experimental results suggest that sponges
have the potential to provide future drugs against important diseases, such as cancer, a range of viral diseases,
malaria, and inflammations. At the same time scientists studied the molecular mode of action of most sponge-derived
metabolites and their mechanism of action were elucidated for their therapeutic potential in a variety of diseases.
This review aims at describing some of the most highly cited reviews of the last decade on sponge-derived bioactive
compounds and the most promising substances extracted and isolated from marine sponges for pharmaceutical
applications. The review is covering mainly new developments of the last five years in the field of marine sponge
metabolite research and important findings for bioactive compounds from in vitro, in vivo and clinical studies for

therapeutic drug applications.
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Introduction

Marine sponges for the past decades have been considered as a very
fertile field for the discovery of bioactive natural chemical substances
with respect to the diversity of their primary and secondary chemical
components and metabolites. The biological effects of new metabolites
from sponges have been reported in a number of scientific research
papers. Highly cited reviews have been published in the last decades
concerning the sponge-derived chemicals with bioactive properties
which have the potential to be used for future pharmaceutical
applications [1-5].

Scientists have ask the obvious questions, what is the ecological
role of sponge metabolites and why sponges produce so many bioactive
components that can be useful to treat a great range of human diseases?
Studies in the last decades extracted, separated and tested a large
number of different primary and secondary metabolites in marine
sponges. Also, a numbers of research projects investigated the molecular
complexity of the compounds and their biosynthetic pathways that can
be regarded as an indication of their importance for the survival and
defence of sponges in the evolutionary process [6,7].

Sponges (Porifera), as primitive filter-feeders, have a high
frequency of bioactive components for their chemical defences against
environmental stress factors such as predation, overgrowth by fouling
organisms or competition for space. Studies showed that the highest
concentration of toxic or antioxidant sponge metabolites are found in
habitats such as coral reefs that are characterized by intense competition
and feeding pressure from carnivorous fish. The adaptive significance
of sponge’s chemical constituents is derived from the observation that
their chemical defences are highly effective against most species of fish
and a group of shell-less gastropods, the nudibranchs that are feeding
on sponges and sequestering their chemical armoury [8].

Marine Sponges: Adaptive Evolution, Ecology and
Metabolites

Marine sponges through evolutionary and ecological long term
changes often contain diverse microbial communities (bacteria,
archaea, microalgae, fungi) which comprise as much as 40% of the
sponge volume and can contribute significantly to host metabolism
(e.g., via photosynthesis or nitrogen fixation). The ecological and
evolutionary importance of sponge-microbe associations can be
mirrored by their enormous biotechnological potential producing a
great range of bioactive metabolites [9]. The benefits of the secondary
metabolites in sponges can be tested by the presence of natural
antifouling products. Sponges safeguard their water-pumping capacity
by avoiding the formation of biofilms or avoiding the settlement of
barnacles or bryozoans on their surface [10,11].

Sponges produce high levels of cytotoxic chemicals by the emission
of mucus containing toxins in order to create a clear zone around it
and push back other marine species. The level of cytotoxicity of some
sponge products is high enough to even create a bare zone around the
sponge. This behavior allows the sponges to conquest densely populated
rocks or corals and compete with faster growing organisms, but it is
striking that the sponge can selectively use its poisons without self-
destruction. Secondary metabolites can protect the organism against
predation, which is especially important for physically unprotected

*Corresponding author: Valavanidis Athanasios, Professor, Laboratory of
Organic Chemistry, Department of Chemistry, University of Athens, Greece, Tel:
00-30-210-7274763; Fax: 00-30-210-7274761; E-mail: valavanidis@chem.uoa.gr

Received September 12, 2013; Accepted October 21, 2013; Published October
27,2013

Citation: Perdicaris S, Vlachogianni T, Valavanidis A (2013) Bioactive Natural
Substances from Marine Sponges: New Developments and Prospects for Future
Pharmaceuticals. Nat Prod Chem Res 1: 114 doi: 10.4172/ 2329-6836.1000114

Copyright: © 2013 Perdicaris S, et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

Nat Prod Chem Res
ISSN: 2329-6836 NPCR, an open access journal

Volume 1 ¢ Issue 3 « 1000114



Citation: Perdicaris S, Vlachogianni T, Valavanidis A (2013) Bioactive Natural Substances from Marine Sponges: New Developments and Prospects
for Future Pharmaceuticals. Nat Prod Chem Res 1: 114 doi: 10.4172/ 2329-6836.1000114

Page 2 of 8

bandy shipr cormVase-

nstrosities eor

sponges him

Eponges/ 26953 10

Figure 1: Photos of various sponges. Sponges are animals of the phylum
Porifera (meaning “pore bearer”). They are multicellular, heterotrophic, lack
cell walls, produce sperm cells and are hermaphroditic.

sessile organisms like sponges [11-13] (Figure 1).

Scientist has discovered more than 5,000 species but it is thought
that there are more than 8,000 marine sponges on Earth. Sponges
constitute the phylum Porifera, defined as sessile metazoans (multi-
celled immobile animals) that have water intake. There are also a few
carnivorous sponges. All known living sponges can remold their bodies,
as most types of their cells can move within their bodies. Sponges have
no nervous systems, their middle jelly-like layers have large and varied
populations of cells, and some types of cell in their outer layers may
move into the middle layer and change their functions [14-16].

Marine Sponges and Natural Chemical Components

Marine sponges have been ranked at the top with respect to the
discovery of bioactive compounds with potential pharmaceutical
applications. The diversity in chemical structures of sponge-derived
metabolites is related to an equally diverse pattern of activities. Scientists
in the field of natural products chemistry and research suggest that sponges
have the potential to provide future drugs against important diseases, such
as a range of viral diseases, malaria, inflammations, immunosuppressive
diseases and various malignant neoplasms [5,17-19].

Early investigations gave rise to broad surveys of marine life for
novel natural products with useful biological properties. Scientific
efforts focused through a series of agency-supported programs, with
the National Cooperative Drug Discovery Program of the National
Cancer Institute (NCI) in the USA playing a key role. This program
recognized that the rich chemistry of marine organisms was not
translating into useful drug leads largely because of poorly developed
connections between academic researchers and the pharmaceutical
industry [20]. By forging collaborative interactions between groups of
academic investigators and pharmaceutical companies as well as the
NCI, a critical mass of natural product materials, modern assays and
development know-how was assembled. These important data lead into
several clinical trials of natural products from plants and animals [21].

Natural products have been the major sources of chemical diversity
for starting materials for driving pharmaceutical discovery over the past
century. In the last decades many natural products and synthetically

modified natural product derivatives have been successfully developed
for clinical use to treat human diseases. But the pharmaceutical
companies decreased significantly their activities in natural product
discovery and in cooperation with biotechnological companies started
work in the fields of combinatorial biosynthesis, genetic engineering
and metagenomics. But these approaches had limited success. Thus,
natural product research has been revived in the last few years with
many new interesting discoveries of bioactive molecules and drug
applications [22-24].

It was proved that marine sponges produce an enormous array of
antitumor, antiviral, anti—inﬂammatory, immunosuppressive, antibiotic,
and other bioactive molecules that have the potential for therapeutic
use. Studies showed that different components affect the targeted
disease by different mechanisms (e.g., microtubule stabilization or
interaction with DNA to combat tumors). Natural chemical products
that can act as inhibitors of transcription factors may be effective against
both malignant neoplasms and viral diseases. Most bioactive metabolites
from sponges proved to be inhibitors of certain enzymes, which often
mediate or produce mediators of intracellular or intercellular messengers
involved in the pathogenesis of a disease [25-27].

More than 15,000 marine products have been isolated and tested
until the last 20 years until 2012. Sponges have been the champion
producers with large diversity of natural components. In 2011 the total
number of natural products was 1152 (for the last year we have data).
The new natural chemical components from phylum Porifera (sponges)
has increased slightly from previous years, to 269 new compounds were
reported, mainly due to several studies reporting large numbers of new
metabolites from single collections The chemical diversity of sponge
natural products is remarkable, including unusual nucleosides, bioactive
terpenes, sterols, cyclic peptides, alkaloids, fatty acids, peroxides, and
amino acid derivatives (which are frequently halogenated) [28].

For this review we have surveyed the new discoveries of natural
products derived from marine sponges for the last five years and their
potential for drug applications.

Typesof MarineSponge Metabolites with Pharmaceutical
Applications

The scientific literature contains numerous examples of
bioactive compounds from marine sponges that were tested for the
potential of antiinflammatory, hypocholesteromeric, antitumour,
immunosuppressive, neurosuppressive, muscle relaxants, antiviral,
antimalarial, antibiotic and antifouling properties. In the present review
we aimed to cover the most important scientific papers (selected from
the vast literature on the field) and reports of the last five years under
different properties.

Antoxidants, Scavengers of Reacive Oxygen Species
(ROS) and Antiinflammatory Compounds from Marine
Sponges

Many studies in the last few years discovered bioactive compounds
from marine sponges that were classified for their antioxidant, radical
scavenging and anti-inflammatory properties. A study analysed four
marine sponges; Smenospongia (SP1), Callyspongia (SP2), Niphates
(SP3), and Stylissa (SP4) that were collected from the Red Sea at Egyptian
coasts. The sponges’ extracts exhibited diverse inhibitory effects on
oxidative stress indices and carbohydrate hydrolyzing enzymes in linear
relationships to some extent with concentration of inhibitors (dose
dependant). The extracts of sponges showed potent-reducing power.
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Chemical characterization of sponges found phthalates, linoleic acid,
sitosterol and cholesterol [29].

Among novel natural antioxidants, marine sponges are highly
ranked source. A number of metabolites derived from marine sponges,
such as indole derivatives, aromatic alkaloids, aromatic polyketides,
and phenolic compounds have exhibited strong antioxidant potential
compared to vitamin E and ascorbic acid [30,31]. Aromatic polyketides
isolated from marine sponge-derived fungus Aspergillus versicolor
have shown significantly higher antioxidant capacity than that of
butylated hydroxytoluene (BHT) [32]. A scientific study reported that
marine sponge--derived yeasts are capable of producing antioxidative
indole derivatives which can scavenge free radicals and ROS [33].
These findings were very attractive since these sponge microbes are
culturable, and there is a possibility of reproducing the compound
in large scale [34]. In another study with the Caribbean sponge
Pandaros acanthifolium the isolated steroidal glycosides exhibited high
antioxidant and cytoprotective activities [35].

Marine Sponges and Antitumour Compounds

The approval of drugs from marine organisms started with
ziconotide (w-conotoxin MVIIA), that is a peptide originally from a
tropical marine cone snail (U.S.A approved 2004 under the trade name
Prialt) for the treatment of chronic pain in spinal cord injury. The most
important antitumour compound from marine species was Trabectedin
(Yondelis/ecteinascidin-743/ET-743) from a tropical sea-squirt. It was
approved by the European Union in 2007 (European Agency for the
Evaluation of Medicinal Products) for the treatment of soft-tissue
sarcoma [17,36].

In the last few years there are several other candidates from marine
natural compounds in the pipeline for evaluation in Phase I-III clinical
trials for the treatment of various cancers [37]. A review in 2003 collected
the most important marine natural compounds which were undergoing
preclinical and clinical trials (I, II, III) for anticancer activity. Among
the compounds from sponges were the following: Discodermolide,
Hemiasterlins A & B, modified halichondrin B, KRN-70000,
Alipkinidine (alkaloid), Fascaphysins (alkaloid), Isohomohalichondrin
B, Halichondrin B, Laulimalide/ Fijianolide, 5-methoxyamphimedine
(alkaloid) and Variolin (alkaloid) [38].

In recent years, new marine-derived antiangiogenic agents have
been widely investigated. At least 43 marine-derived natural products and
their derivatives have been reported to display antiangiogenic activities,
mediated by distinct or unknown molecular mechanisms [39]

Marine sponges and their symbionts, as the most primitive of the
multicellular organisms, produce a plethora of secondary metabolites.
The first successful sponge-derived pharmaceutical drugs were the
nucleosides spongothymidine and spongouridine which were isolated
from Tectitethya crypta [40]. A derivative of these nucleosides, Ara-C
(also known as 1-beta-D-Arabinofuranosylcytosine or cytarabine) is
documented as the first marine derived anticancer agent that is recently
used for the treatment of leukemia [41,42]. At present it is screened
in clinical trials for the treatment of acute myeloid neoplasms in
combination with Daunoribicin and other anticancer drugs [43].

Despite the technological advances in the last decade for anticancer
drug discoveries with natural products from marine sponges,
there are some difficulties in preclinical studies. A recent overview
(2011) retrieved scientific papers identifying 39 compounds from
marine sponges with apoptosis-inducing anticancer properties [44].
Characterizing and scaling up production of bioactive compounds
from marine sponges is a slow process and several sponge-derived

anticancer compounds are in preclinical and clinical trials [45,46].

One natural compound from marine sponges with promising
anticancer activity is Renieramycin M. Renieramycins are members
of the tetrahydroiso-quinoline family that were isolated from marine
sponges belonging to genera Reniera. The preclinical results reveal that
Renieramycin M induced lung cancer cells apoptosis through p53-
dependent pathway and the compound may inhibit progression and
metastasis of lung cancer cells [47] (Figure 2).

Monanchocidin is a novel polycyclic guanidine alkaloid isolated
from the marine sponge Monanchora pulchra that induced cell death in
human monocytic leukemia (THP-1), human cervical cancer (HeLa)
and mouse epidermal (JB6 Cl41) cells [48] (Figure 3).

Smenospongine, a sesquiterpene aminoquinone, from the
sponge Smenospongia sp. as early as 1987 and demonstrated that
Smenospongine induces cytotoxic, antimicrobial, antiproliferetive and
antiangiogenic activities [49] (Figure 4).

The macrocyclic lactone polyether Spongistatin 1 was isolated as in
1993 from the marine sponge Spongia sp. [50]. Spongistatin 1 was shown
to inhibit mitosis, microtubule assembly, and the binding of vinblastine
to tubulin thereby inducing cytotoxic cell death in numerous cancer cell
lines [51] (Figure 5).

A collaborative program that was initiated in 1990 between a natural
product chemistry laboratory of (University of California Santa Cruz
and an experimental therapeutics laboratory of Henry Ford Hospital in
Detroit) focused on the discovery and development of anticancer drugs
from sponge extracts. A novel in vitro assay was used to examine 2,036
extracts from 683 individual sponges that led to the identification of

Figure 2: Structutre of Renieramycin M.

Figure 3: Structure of Monanchocidin.
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bioactive pure compounds (which were prepared in pure form and in
sufficient quantities) from many sponges in treating solid tumours. The
collaborative efforts and analogues led to the discovery of a number of
compounds with of anticancer potential [52].

Recently, scientists purified a lectin from the marine sponge
Cinachyrella apion (Cal) that was evaluated with respect to its
hemolytic, cytotoxic and antiproliferative properties, besides the ability
to induce cell death in tumor cells. Results showed that the lectin
induces cell death by apoptosis activation by pro-apoptotic protein
Bax, promoting mitochondrial membrane permeabilization, cell cycle
arrest in S phase and acting as both dependent and/or independent of
caspases pathway. These results indicate the potential of CaL in medical
studies for treating cancer [53].

Another component form sponges that attracted the interest
of scientists as an antimour agent was Heteronemin, a marine
sesterterpene isolated from the sponge Hyrtios sp., especially for its
biological effects on chronic myelogenous leukemia cells. Results
showed that Heteronemin was affecting cellular processes including cell
cycle, apoptosis, mitogen-activated protein kinases (MAPKs) pathway
and the nuclear factor kappaB (NF-kappaB) signaling cascade. This
compound has potential as anti-inflammatory and anti-cancer agent
[54] (Figure 6).

Hypocholesterolemic Compounds from Sponges

Inthelastdecadeitwasreported that marine sponges could havebeen

@)

Figure 4: Structure Smenospongine.

Figure 5: Structure of Spongistatin 1.

a source of hypocholesterolemic compounds. For example, Spirastrella
abata-derived Lyso-PAF analogues and lysophosphatidylcholines have
been reported in vitro study as successful inhibitors of cholesterol
biosynthesis [55,56]. Zhao et al. [57] have reported that marine sponges
are a source of hypocholeste-rolemic novel lysophosphatidylcholines
and thereby aroused an interest of compounds from marine sponge due
to short lifespan of conventional lysophosphatidylcholines in vivo.

Immunosuppressive Compounds from Marine Sponges

Inrecent years natural components from marine sponges were tested
from immunosuppressive properties. Immune system suppression is
desired in cases of hypersensitivity to certain antigens (e.g., allergies)
or organ transplantations.

Immunosuppressive compounds were isolated from a deep water
marine sponge in the end of 1980s. American scientists discovered
from the sponge (Bahamas) Agelas flabellrformis Carter (Agelasidae)
two compounds with important immunosuppressive activity. The
compounds: 4a-merhyl-5a-cholest-8-en-3~-ol and 4,5-dibromo-2-
pyrrolic acid were isolated from a deep water marine sponge Agelas
Their structures were determined. Both compounds were highly active
in suppression of the response of murine splenocytes in the two-way
mixed lymphocyte reaction (MLR) with little to no demonstrable
cytotoxicity at low doses [58].

Components extracted from the marine sponge Aurora globostellata
(Tuticorin coast of India) showed immunomodulatory potential. The
evaluation of immunomodulatory potential was performed by oral
administration to Wistar rats of ethyl acetate extract of marine sponge
(200 mg/kg). The results obtained indicated that extracts possesses
immunosuppressant activity and can be studied further [59]. A
recent investigation aimed to isolate and characterize bacteria with
antimicrobial and immunomodulatory activity from an Indian marine
sponge. A total of 10 marine bacterial strains were isolated from the
marine sponge Callyspongia difusa (Gulf of Mannar province), which
showed remarkable antagonistic activity against clinical bacterial
pathogens. The findings according to the researchers suggest that the
sponge associated bacterial strain Virgibacillus sp. may contribute the
search for novel antibiotics to overcome infections and also for the
production of potential immunomodulators [60].

Antiviral Compounds from Marine Sponges

Isolation of natural components and metabolites from sponges
and screening bioactive substances led to the discovery of numerous
chemicals with antiviral properties [4]. These bioactive molecules are
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Figure 6: Structure of Hetronemin.
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often secondary metabolites, whose main function is to enable and/
or modulate cellular communication and defense. They are usually
produced by functional enzyme clusters in sponges and/or their
associated symbiotic microorganisms. Several of them have successfully
been approved as antiviral agents for clinical use or have been advanced
to the late stages of clinical trials. The most important antiviral lead of
marine origin reported thus far is nucleoside Ara-A (vidarabine) isolated
from sponge Tethya crypta. It inhibits viral DNA polymerase and DNA
synthesis of herpes, vaccinica and varicella zoster viruses [26].

The Hepatitis C virus causes chronic infections in humans, which
can develop to liver cirrhosis and hepatocellular carcinoma. Recent research
on antiviral compounds isolated 128 molecules from marine invertebrates and
microorganisms. The best results were obtained from the extracts produced
from the Bacillus sp. isolated from the sponge Petromica citrina. These
studied organisms lead to the development of drugs which ensure an
alternative therapy for the treatment of hepatitis C [61].

In a recent study a number of pure compounds were isolated from
marine sponges and were tested in non-toxic concentrations for virus-
infected cells. Norbatzelladine L isolated from a marine sponge of the
genus Monanchora displayed antiviral activity against Herpes Simplex
virus type (HSV-1), with 97% of inhibition in the viral adsorption phase
[62] (Figure 7).

A sponge-derived bis-indole alkaloid fascaplysin exhibited a broad
range of bioactivities including antibacterial, antifungal, antiviral, anti-
HIV-1-RTase, p56 tyrosine kinase inhibition, antimalarial, anti-angiogenic,
antiproliferative activity against numerous cancer cell lines, specific inhibition of
cyclin-dependent kinase-4 (IC(50) 350 nM) and action as a DNA intercalator.
A review in 2012, described a great variety of pharmacological studies
of fascaplysin and its synthetic analogue [63].

In the last few years over 40 compounds from marine organisms are
commercially available in pharmacological markets tested as antiviral
drugs. Many more are being tested as potential antiviral drugs at the
preclinical and clinical stages. Scientists suggest that the growing interest
in marine-derived antiviral compounds, along with the development
of new technology in marine cultures and extraction, will continue to
be a promising strategy and new trend for modern medicine [64]. In
the previous decade more than 150 natural products with promising
levels of anti-HIV activity have been isolated following bioassay guided
protocols from aqueous or organic extracts of marine organisms.
Among the most characteristic marine metabolites that have exhibited
significant anti-HIV activity on different biochemical assays designed
for chemotherapeutic strategies were sponge metabolites such as avarol,
avarone and ilimaquinone [65].

Marine pharmacological literature is reviewed every three years
from 1998. The latest peer-review for 2009 to 2011 was published in
2013. The bioactive compounds reviewed were isolated from marine

¢ N k 0 H\:r \ K

H

norbatzelladine L

Figure 7: Structure of Norbatzelladine L.

animals, sponges, algae, fungi and bacteria. These compounds showed
promising antibacterial, antifungal, antiprotozoal, antituberculosis,
anti-inflammatory and antiviral activities [66].

Antimalarial Compounds from Sponges

Several sponge-derived antimalarial compounds have been
discovered in the last decade [4]. New discoveries are very promising.
Psammaplysin derivatives were identified in the Indonesian marine
sponge Aplysinella strongylata. Selected compounds were screened
for in vitro activity against chloroquine-sensitive (3D7) P. falciparum
malaria parasites. One of the compounds, 19-hydroxypsammaplysin E
showed the best antimalarial activity [67] (Figure 8).

Two new pentacyclic ingamine alkaloids [22(S)-hydroxyingamine
A and dihydroingenamine D], together with the known compound
ingamine A , have been isolated from marine sponge Petrosid Ng5
Sp5 (family Petrosiidae). Ingamine and dihydroingenamine D showed
strong antiplasmodial activity against chloroquine-sensitive (D6) and
-resistant (W2) strains of Plasmodium falciparum. All three compounds
also displayed weak antimicrobial and moderate antileishmanial
activities [68].

A new bispyrroloiminoquinone alkaloid, tsitsikammamine C,
extracted from the marine sponge Zyzzya sp. displayed potent in vitro
antimalarial activity. Tsitsikammamine C inhibited both ring and
trophozoite stages of the malaria parasite life cycle. Other compounds,
such as makaluvamines and damirones A isolated from the same marine
sponge (Zyzzya sp.) displayed potent growth inhibitory activity against
both P. falciparum lines [69]. Extracts from the Australian sponge
Iotrochota sp. resulted in the purification of two new N-cinnamoyl-
amino acids, iotrochamides A and B. Both compounds were shown to
inhibit Trypanosoma brucei brucei [70].

Two new diterpenes isolated from the sponge Stylissa cf.
massa, 8-isocyanato-15-formamidoamphilect-11(20)-ene and
8-isothiocyanato-15-formamidoamphilect-11(20)-ene, along  with
two known derivatives from the same sponge, 8-isocyano-15-
formamidoamphilect-11(20)-ene and 7-formamidoamphilect-
11(20),15-diene were proved to exhibit very active antimalarial
activity [71]. Nine bromotyrosine-derived compounds were isolated
from the Caribbean marine sponge Verongula rigida and screened
for their in vitro activity against three parasitic protozoa: Leishmania
panamensis, Plasmodium falciparum and Trypanosoma cruzi. Some of
the compounds showed potent and selective antiparasitic activity [72].
A new diterpenoid B-lactam alkaloid, Monamphilectine-A showing
potent antimalarial activity, was isolated from a Puerto Rican marine
sponge Hymeniacidon sp [73].

Cuban scientists tested the organic fractions of two sponges.
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Figure 8: Structure of Psammaphysin H.
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Preparative fractions of Mycale laxissima and Clathria echinata sponges
were obtained by reverse-phase flash chromatography. The extracts
exhibited promising antimalarial activities in the infection model of
C57BL/6 mice with Plasmodium berghei ANKA [74].

Antibiotics from Marine Sponges

Also, marine sponges were considered for years as a rich
source of natural products and metabolites for antibiotics with strong
inhibitory activity against bacteria, fungi and microbes Research
showed that many bioactive compounds from various sponge species
can be useful for the development of new antibiotics and antimicrobial
drugs.

In the last five years a number of scientific studies provided evidence
for antibiotic, antibacterials and antimicrobial properties in marine
sponge’s metabolites. Halogenated alkaloids named purpuroines A-J
were isolated from the marine sponge Lotrochota purpurea. Tests of
these compounds showed inhibitory activity against diseases related
to fungi and bacteria [75]. Novel cyclic bis-1,3-dialkylpyridiniums
and cyclostellettamines that were isolated from the sponge Haliclona
sp. from Korea and their structures were determined by spectroscopic
techniques. Several of these compounds exhibited moderate cytotoxic
and antibacterial activities against A549 cell-line and Gram-positive
strains, respectively [76]. New alkaloids, (-)-8-oxo-agelasine D,
ageloxime B, (+)-2-oxo-agela-sidine C, 4-bromo-N-(butoxymethyl)-
1H-pyrrole-2-carboxamide and (-)-ageloxime D were isolated from the
marine sponge Agelas mauritiana. Some of these metabolites showed
antifungal activity against Cryptococcus neoformans, antileishmanial
activity in vitro and antibacterial activity against Staphylococcus aureus
and methicillin-resistant S. aureus in vitro [77].

Recently, 237 bacteria that were isolated from the marine sponges
S. carnosus (Demospongiae) and Leucosolenia sp. (Calcarea). The
study showed that 50% of the isolates from S. carnosus displayed
antibacterial activity, and 15% of the isolates from Leucosolenia sp.
demonstrated activity against test fungal strains. The antibacterial
activity observed was mostly from Pseudovibrio and Spongiobacter
isolates, while the majority of the antifungal activity was observed from
the Pseudoalteromonas, Bacillus and Vibrio isolates. According to the
researchers, this was the first study in which cultured bacterial isolates
from these marine sponges have been evaluated for their antibacterial
activity [78].

Extracts from the sponge species Cinachyrella sp., Haliclona sp.
and Petromica citrina showed antibacterial activity against 61% of the
coagulase-negative staphylococci (CNS) strains (responsible for causing
bovine mastitis), including strains resistant to conventional antibiotics.
Extracts from P citrina showed the largest spectrum of inhibitory
activity. This study according to the researchers shows the potential
of marine sponges to become in the future new sources of antibiotics
and disinfectants for the control of CNS involved in bovine mastitis
[79]. Diterpene isonitriles isolated from the tropical marine sponge
Cymbastela hooperi, and the sesquiterpene axisonitrile-3, isolated from
the tropical marine sponge Acanthella kletra, were evaluated in a series
of bioassays including anti-fouling, anti-algal, anti-photosynthetic,
anti-bacterial (Gram +ve and -ve), anti-fungal, and anti-tubercular.
The results of these assays showed that the majority of the tested
compounds were active in at least two of the applied test systems [80].
In another recent study marine sponge’s sediments and sponge-derived
actinomycetes were isolated and tested for bioactive metabolites with
antimicrobial and antifungal activity. Nine of the fifteen active extracts
were active against multiresistant gram-positive bacterial and/or fungal
indicator organisms, including vancomycin-resistant Enterococcus
faecium and multidrug-resistant Candida albicans [81].

Bacteria actinomycetes from marine sponges and other marine
organisms have been proved prolific producers of pharmacologically
important compounds. It is estimated that 70% of the naturally derived
antibiotics that are currently in clinical use are in from actinomycetes
(aheterogeneous group of gram-positive, generally anaerobic bacteria).
In a recent study Streptomyces sp. strains from Mediterranean sponges
and secondary metabolite were screened for anti-infective activities.
Isolation and purification of the sponges yielded 3 compounds,
namely, cyclic depsipeptide valinomycin, indolocarbazole alkaloid
staurosporine and butenolide. All compounds exhibited anti-parasitic
activities. According to the researchers, the potential of marine
actinomycetes to be used as anti-infective is very promising [82].

Antifouling and anti-Biofilm Compounds from Marine
Sponges

Biofouling organisms such as blue mussels, barnacles, and
macroalgae cause serious problems to ships hulls, cooling systems
of power plants, and aquaculture materials. Bacterial biofilms are
surface-attached communities of microorganisms that are protected
by an extracellular matrix of biomolecules. Long-term use of
chemical antifoulants (organic compounds of tin) has led to increased
concentrations of tributyltin and caused extensive pollution problems
in marine organisms. Natural marine antifouling molecules have
recently been reviewed and scientists hope that will provide in the
future less toxic and more specific antifouling activity. Sponge-derived
antifouling molecules have been found to be less toxic, environmentally
friendly biocides and very effective [83].

In the last decade various studies were directed to find the most
promising alternative technologies to antifouling in marine organisms
and especially from marine sponges. A recent study evaluates the
antifouling potential of structurally different compounds containing a
3-alkylpyridine moiety. The products, namely poly 3-alkylpyridinium
salts, saraine, and haminols, were either extracted or derived from
natural sources (the marine sponges Haliclona sp. and Reniera sarai
and the mollusc Haminoea fusari), or obtained by chemical synthesis.
All these molecules showed generally good anti-fouling activity against
larvae of the barnacle Amphibalanus amphitrite. A number of alkaloid
derivatives were extracted and isolated from Indonesian marine sponges
Agelas linnaei and Ageles nakamurai representing either bromopyrrole
or diterpene alkaloids. These compounds exhibited cytotoxic activity.
Furthermore, agelasine derivatives inhibited settling of larvae of
Balanus improvisus in an anti-fouling bioassay as well as the growth of
planktonic forms of biofilm forming bacteria S. epidermidis [84].

A recent review (2011) highlighted the development of small
molecules that inhibit and/or disperse bacterial biofilms specifically
through non-microbiocidal mechanisms. The review focused on several
sets of natural compounds derived from marine sponges [10,85].

Conclusions

Marine invertebrates are one of the major groups of biological
organisms (Porifera, Cnidaria, Mollusca, Arthropoda, Echinodermata,
etc) that gave until now significant number of natural products and
secondary metabolites with pharmacological properties and led in
the formulation of novel drugs. Among marine invertebrates, marine
sponges from phylum Porifera is the most dominant group responsible
for discovering a large number of natural products, that have been
used as template to develop therapeutic drugs. These natural products
have a wide range of therapeutic properties, including antimicrobial,
antioxidant, antihypertensive, anticoagulant, anticancer, anti-
inflammatory, wound healing and immune modulator, and other
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medicinal effects. Therefore, marine sponges are considered a rich
source of chemical diversity and health benefits for developing drug
candidates, cosmetics, nutritional supplements, and molecular probes
that can be supported to increase the healthy life span of humans. In
this review we included the most important and highly cited reviews
for marine sponge compounds and we presented selected studies of
the most important bioactive and promising natural components and
secondary metabolites from marine sponges that have been published
in the last five years.
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