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More than 50% of the marketed drugs today are derived from natural sources. There are various cancers and diseases which
cannot be managed well with the current available drugs. It is, therefore, important to identify new sources of drugs for the
future. The biological diversity offered by the oceans shows promise in expressing some lead compounds for diseases which
show a dearth of drug options for management. A handful of marine products have been approved by the United States — Food
and Drug Administration (US-FDA) because of the involvement of academia and the pharmaceutical industry. However, there
are many challenges involved which deter a better and faster process for drug development from marine sources. The current
scenario in India is in a nascent phase, but steps are being taken in the right direction to develop a potential source of new drugs.
In this review article, we try to give an overview over the history and impending potential of marine pharmacology, with an
overlook on the current approved marine-sourced drugs by the US-FDA. We also take a brief look over the challenges involved

in the field of marine pharmacology, its current progress in India and possible future scope.
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INTRODUCTION

Drugs derived from natural products have been in use for
centuries, for the management of various diseases. Today,
over 50% of marketed drugs are either extracted from natural
sources or produced using natural product as template or starting
material." It is a known fact that different forms of cancer,
infections, inflammatory diseases, and neurodegenerative
diseases cannot be treated successfully, giving rise to a
continuous need for new drugs. This need is coupled with the
development of resistance in many pathogenic organisms to
antibiotics and cancer cells to anti-tumor drugs.

The approach to drug discovery presently has become
much more sophisticated which involves designing drugs
based on knowledge of an appropriate biochemical target.
Most of the drugs would not have been developed without a
natural product, leading science to its biological target. Hence,
it appears that a diverse approach, involving all these methods,
is the most effective approach. It is necessary to identify the
sources of new biological activities and chemical structural
diversity.
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Researchers have claimed that the biological diversity of
oceans offers a great promise as a source of drugs for the
future. This genetic diversity translates into chemical diversity
which can lead to new drug development.

In this review article, we will be discussing the journey of
marine pharmacology over the last few decades. We will also
be discussing about the challenges associated with the drug
development from marine sources and also, the future of the
same in the world, and in India.

MARINE PHARMACOLOGY - POTENTIAL
AND EVOLUTION

The potential of marine natural products (MNP) has
captivated many researchers over the last few decades. Inspired
by the vastness of our oceans, and an almost incomprehensible
level of biodiversity in the marine environment, researchers
have enthusiastically pursued the pharmacological potential
of secondary metabolites from marine organisms. It has been
almost five decades since the isolation of spongothymidine
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and spongouridine from the marine sponge Tethya crypta
by Bergman that eventually led to the development of Ara-C
(cytarabine, an antileukemia agent) and Ara-A (vidarabine, an
antiviral agent), agents which received United States — Food
and Drug Administration (US-FDA) approval in 1969 and 1976,
respectively.”* After the approval of Ara-C and Ara-A as
therapeutics, it was not until 2004 that the next MNP would
be approved, ziconotide (Prialtl), for the treatment of severe
chronic pain.’ This was soon followed by the orphan drug status
granted to trabectedin (Yondelis1) for the treatment of soft-tissue
sarcomas and ovarian cancer, and its registration in 2007 in the
EU for the treatment of soft-tissue sarcoma.® However, after
many years of research primarily by the academic community
and sporadic involvement of major pharmaceutical companies,
only a handful of MNP have been approved.”

According to latest data, the US-FDA approved drugs of
marine origin currently being marketed are enlisted in Table 1.7

MNP pharmacology has evolved from broad surveys
of marine life for novel chemical entities regardless of
pharmacological activity into what currently is considered the
targeted approach to drug discovery. This targeted approach
focuses on specific diseases (e.g., cancer, and inflammation)
and molecular targets (e.g., specific enzymes and receptors).
Early assay-guided fractionation of marine extracts was
hampered by limited ability to dereplicate those extracts
from known MNPs. However, this issue which can now be
accelerated with continued improvements in technology to
identify and elucidate MNP structures.®

CHEMICAL DIVERSITY OF OCEAN

Thirty-four of the 36 known phyla are represented in ocean.
By comparison, the land has only 17 of the known phyla with
twelve phyla being exclusively marine. The ocean contains
more than 200,000 described species of invertebrates and
algae. However, it is estimated that this number is a small
percentage of the total number of species that have yet to be
discovered and described. Oceanic subsurface bacteria could
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constitute as much as 10% of the total living biomass carbon
in the biosphere.’!!

The ocean represents a virtually untapped resource for
discovery of novel chemicals with pharmaceutical potential.
Marine plants, animals, and microbes produce compounds
that have potential as pharmaceuticals. These ‘“secondary
metabolites,” chemicals that are not needed by the organism
for basic or primary metabolic processes, are believed to
confer some evolutionary advantage.

Marine sponges are among the most prolific sources of
diverse chemical compounds with therapeutic potential.
Sponges occur in every marine environment, from intertidal
to abyssal regions, in all the world’s oceans, and they produce
a greater diversity of chemical structures than any other group
of marine invertebrates. Other marine sources of bioactive
molecules with therapeutic potential are bryozoans, ascidians,
molluscs, cnidarians, and algae.

From a relatively small number of these species that have
been studied to date, thousands of chemical compounds have
been isolated.”> However, only a small percentage of these
compounds has been tested in clinically relevant bioassays.

MARINE MICROORGANISMS - NOVEL
RESOURCE FOR NEW DRUGS

Since the discovery of penicillin in the late 1920s,
terrestrial microorganisms which are mainly soil derived have
provided the single most important resource for the discovery
of new drugs. However, there are growing concerns about
the continuation of this historic approach to drug discovery.
In addition, the growing cost of the whole drug-discovery
process has made it important for the pharmaceutical firms to
find new cost-friendly options for the same.

Most of the earth’s microbial diversity is found in the
ocean. In addition to the typical organisms found on land,
many classes of microorganisms exist only in the sea. The
photosynthetic microorganisms alone comprise over 12
plant divisions. With the inclusion of the known unique

Table 1: United States-Food and Drug Administration approved drugs of marine origin

Compound name Marine organism Molecular target

Indication Approval date

Tunicate

Mollusk/
cyanobacteria

Trabectedin DNA (minor groove)

Brentuximab vedotin CD30, microtubules

Eribulin mesylate Sponge Microtubules

Omega-3-acid ethyl esters Fish

Ziconotide Cone snail DNA polymerase
Vidarabine Sponge Viral DNA polymerase
Cytarabine Sponge DNA polymerase

Triglyceride-producing enzymes

Soft tissue sarcoma and ovarian cancer October 23, 2015

Anaplastic large T-cell systemic August 19, 2011

malignant lymphoma, Hodgkin’s disease
Metastatic breast cancer November 15, 2010
November 10, 2004

December 28, 2004

Hypertriglyceridemia
Severe and chronic pain
1976 current status: Discontinued

1969

Herpes simplex virus infection

Leukemia
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adaptations of microorganisms to high-salt environments
and high hydrostatic pressure, the immense diversity of
the microorganisms in marine habitats becomes apparent.
However, the pharmaceutical industries have not taken
advantage of this enormous resource. The reason rests with
the tendency of researchers to explore familiar and more
readily accessible microorganisms. In the 1950s, it was
reported that fewer than 5% of the marine bacteria present
in environmental samples could be cultured. This led to the
widespread belief that marine microorganisms were simply
not culturable.” This, together with the traditional lack of
cross-disciplinary interaction between marine and medical
microbiology, resulted in a great hesitation to embark on an
aggressive marine-oriented program. With no guarantees
that any new drugs will be found, the risk was difficult to
justify.

Times are changing and marine microorganisms can now
be cultivated successfully.'*!® The microbial diversity of the
marine environment has thus become available for scientific
study, and new programs are emerging worldwide. In the
United States and Japan, intense focus on coastal sediments
and organisms associated with marine invertebrates has
resulted in a growing number of papers documenting the
production of novel, bioactive metabolites. Both bacteria and
fungi are now the targets of biomedical study, and fascinating
reports of novel metabolites are becoming more and more
common. Bacterial samples from coastal sediments, when
grown under saline conditions, have yielded new antibiotics,
antitumor, and anti-inflammatory compounds.'”"® Similarly,
when the surfaces of marine plants and the internal tissues
of invertebrates have been sampled, bacteria, and fungi have
been discovered that also produce bioactive compounds with
pharmaceutical potential.

Microbiological studies of the deep sea environment have
shown the presence of obligate barophiles, bacteria which
require pressures as high as 600 atmospheres for growth
to occur.”” These highly adapted marine microorganisms
represent a biomedical resource of unknown magnitude,
but great promise, as demonstrated recently when unusual
compounds produced by bacteria retrieved from deep sea
drilling cores were shown to inhibit colon tumor cell growth
and prevent replication of HIV, the AIDS virus.?

MARINE SOURCES FOR NUTRITIONAL
SUPPLEMENTS

Docosahexaenoic acid (DHA) and arachidonic acid are the
most abundant polyunsaturated fatty acids (PUFAs) in breast
milk and are the predominant structural fatty acids in brain
gray matter. High dietary levels of these PUFAs are believed
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to result in higher levels in the brain, and they have been
recommended as nutritional supplements for infants. A marine
microalgal species has been discovered that produces large
quantities of the fatty acid DHA. It is used in infant formula
supplements. Marine-derived nutritional supplements, or
“nutriceuticals,” present a new opportunity for research in the
application of MNP to human health issues.

OTHER ASPECTS OF MARINE
PHARMACOLOGY: MOLECULAR PROBES
AND NEUROTOXINS

One important application of the many bioactive
compounds derived from the marine environment is their use
as molecular probes, molecules broadly defined as nondrug
substances which can be used to probe the foundations of
important biochemical events.

Tetrodotoxin, saxitoxin, conotoxin, and lophotoxin are few
toxins which have been found from the marine sources. The
functions and overall structures of the membrane channels
which facilitate nerve transmission. Knowledge of the function
of these neurotoxins has allowed drugs to be designed and
targeted to those sites of nerve transmission.*!

CHALLENGES ASSOCIATED WITH MARINE
DRUG DEVELOPMENT

Seventy percent of the earth’s surface is made up of
oceans with a prolific resource of various biological and
chemical entities. So why aren’t we able to exploit these
useful resources for development of useful agents, despite
their known medicinal use? There are many pitfalls for the
development of marine-sourced drugs on which we want to
throw some light.??

Oceans contain a huge source of useful organisms no
doubt, but majority of these areas are still inaccessible to the
researchers. The collection of entities at areas easy to reach
was favored for a long period. However, the question remains
on the inaccessible regions, which needs a good collaboration
between researchers and the oceanographer. Developments
in the underwater life-support systems have tried to provide
new potentials for the exploration of new regions and depths,
which should be exploited in a better way.

Genetic engineering, which deals with the transfer of genetic
information in the host cells from the desired compound, is
under expansion for the betterment of drug development.
This is an important domain for controlling of the isolation
and the expression of genes of the marine organisms, which
will help us have a more targeted approach in developing lead
compounds from the marine environment.
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Many times, natural products are isolated from higher
marine organisms such as marine invertebrates. These
products, which are a product of symbiotic association, are
difficult to develop separately from cultures, as their growth
depends directly or indirectly on the host. Hence, many a
times if these products are tried to develop in vitro, many of
the important genes will remain silent.>** For such cases, the
concept of metagenome analysis should be considered, which
is very much in an underdeveloped phase.

Another important issue is the availability of adequate
amount of resources from the marine environment of a
particular compound. Only if the pharmaceutical industry is
sure that they can very much address the availability issue of
a marine compound, if they find the lead compound of marine
origin effective in clinical trials, only then they will try to
invest into these trials. Ecological feasibility is a valid concern,
considering the exorbitant costs of the clinical trials. The cost
feasibility will also play an important role when we consider
the need of inducing structural modifications to enhance the
properties of the drug.

MARINE PHARMACOLOGY IN INDIA

India is large country comprising of a coastline which
stretched to above 8000 km with a large variety of marine
habitats and organisms with potential medicinal use. However,
this potential of the massive marine habitat has remained
untapped from a long time. There are only a handful of

Table 2: Marine natural products under pipeline
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institutes which are trying to explore life-saving drugs from
these marine habitats. These institutes include the National
Institute of Oceanology in Goa; Central Drug Research
Institute in Lucknow; the Bose Institute in Kolkata; Regional
Research Laboratory in Bhubaneswar and Central Institute
of Fisheries Education in Mumbai.”® Undoubtedly, the Indian
scenario for marine pharmacology is still in nascent phase, but
there is potential to tap the resources in a much better way to
explore treatments for various clinical ailments.

FUTURE OF MARINE PHARMACOLOGY

Looking at the massive potential of marine pharmacology,
there are several organizations all over the world which are
concentrating on research in this domain of drug development.
Table 2 gives an overview of the various MNPs under drug
development pipeline, due to their potential effect against
various diseases.

The various processes involved in the development of
marine-derived drugs, right from the discovery of potential
novel compounds from marine organisms to extraction and
isolation, along with the evaluation of their safety and efficacy
are being planned for the future. However, there are many
challenges and pitfalls in the development of drugs from
marine sources which may be pulling back the pharmaceutical
companies from investing in this domain. However, many
encouraging findings worldwide, especially related to the field
of cancer chemotherapeutics, still gives the domain of marine

Indication

Compound

Marine organism

MoA

Current status

Anticancer

Alzheimer’s
disease

Analgesics

Antibacterial

Aplidine
(dehydrodidemnin B)

Plinabulin

Salinosporamide A

Bryostatin 1

DMXB-A

Tetrodotoxin

Anthracimycin

Mediterranean tunicate Aplidium,
Candida albicans

Synthetic analog of a natural
product isolated from a marine
fungus (Aspergillus spp.)

Marine Actinobacteria
Salinispora tropica

Ectoprocta species-Bugula
neritina

Synthetic analog of the

toxic alkaloid produced by
nemertinean worm species, such
as Paranemertes peregrine and
Amphiporus lactifloreus

Isolated from fish, algae, and
bacteria

Marine Actinobacteria

Antiproliferative action. Acts
by blocking the cell cycle and
inducing apoptosis

Inhibition of tubulin
polymerization

Proteasome inhibitor

Potent modulator of protein
kinase C

Acts by improving cognition and
sensory deficit

Blocks voltage-dependent sodium
channels

Activity against Bacillus anthracis
and MRSA. MoA unclear

Multiple myeloma (Phase III of
clinical trials) T-cell lymphoma
(Phase II of clinical trials)

Nonsmall cell lung cancer
(Phase III of clinical trials)

Multiple myeloma (Phase I of
clinical trials)

Phase II of clinical trials

Phase I and 1II of clinical trials
completed

Phase II and III of clinical trials
for neuropathic pain in cancer

patients and peripheral neuralgia in

cancer patients, respectively

Preliminary stages of drug
development

MRSA=Methicillin-resistant Staphylococcus aureus; MoA=Mechanism of action; DMXB-A=Dimethoxybenzylidene-anabaseine
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pharmacology a ray of hope. Certain inhibitors of the signal
transduction pathways involved in cancer development have
been obtained from marine organisms, and further studies are
under process to attain evidence on their efficacy in cancer
therapy.”® There is hope to find drugs of marine origin for
targeted cancer therapy that is difficult currently with other
available sources.”’
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