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ABSTRACT

Over seventy percent of the earth’s surface is covered by oceans, and it is an established fact now, that life originated in
the oceans. Additionally, the oceans are also the source of matchless natural products that are mainly accumulated in
living organisms. Several bioactive compounds of therapeutic interest have been isolated from marine invertebrates,
and some of them have been reported to be of microbial origin. Numerous of these compounds show pharmacological
activities and are helpful for the invention and discovery of bioactive compounds, primarily for deadly diseases like
cancer, acquired immuno-deficiency syndrome, etc., while others have also been shown to possess several valuable
properties. The secondary metabolites of microorganisms, algae and invertebrates, possess lifesaving properties, and
are deadly toxins as well, depending on the dosage. The useful applications of these compounds, as bio-markers is also
being explored, to further enrich pharmacological information. Recent developments have opened colossal areas of
research for the isolation of biologically active compounds from marine flora and fauna.
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INTRODUCTION

Itis an undisputable fact that the development of drugs has
greatly improved the quality and duration of human life.
Chemical compounds, such as morphine, quinine, penicillin,
streptomycin, reserpine, curare alkaloids, and digitalis, etc.,
led to treatments and even complete cures for diseases that
were eatlier considered to be fatal. The process of drug
discovery continues today at a pace greater than ever before,
and although sophisticated new approaches are used, nature
continues to provide the biochemical insight forming the
foundation of many newly developed drugs. One example
is the recently approved anticancer drug taxol, a compound
extracted from the bark of the North American Yew tree.
Taxol, perhaps by virtue of its unique mechanism of action,
has shown excellent results in treating several forms of cancer
that were previously difficult to treat. Disappointingly, many
of the “wonder drugs” generated over the past several decades
have become less useful due to the development of drug
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resistance. Many pathogenic bacteria, once susceptible to
antibiotics, have developed sophisticated biochemical
methods to escape the effects of these drugs. A strain of
drug-resistant mycobacterium, the pathogen that causes
tuberculosis, for example, is almost totally resistant to our
arsenal of antibiotic drugs. Some infections are, today,
produced by bactetia that are immune to all known antibiotics.
Similarly, some forms of cancer have evolved multiple drug
resistance, making virtually all drug treatments ineffective.

Global marine drug discovery scenario

Drug discovery efforts today, include the inhabitants of the
world’s oceans as a new source of biodiversity and novel
drugs. In contrast to the terrestrial environment, little
ethnomedicinal information is available to guide current
marine research. With the exemption possibly of southern
China, few societies have used marine organisms as crude
drugs. Thus studies now in progress have relied on ecological
observations of chemical defense and survival to identify
those organisms that might be expected to contain drug
candidates. Pharmacological investigations of oceanic
organisms are relatively new and have been based on the
establishment of unprecedented “scientific bridges” between
the marine and pharmaceutical sciences. In this day and
age, roughly one-half of all cancer drug discovery focuses
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on marine organisms, and forecasts for the future are brilliant,
as well. In fact, some of the most important recent discoveries
have been from the oceanic milieu. Marine drug discovery
began in the late 1970s by eatly investigators demonstrating
unequivocally, that marine plants and animals were genetically
and biochemically unique. Over 18,000 structurally unique
and often highly bioactive metabolites have now been isolated
from marine plants and animals. After the uniqueness of
marine metabolism became accepted, programs began to
evolve that linked academic matrine scientists with biomedical
researchers in the pharmaceutical industries. Programs, which
established the foundations of today’s efforts, were created
in the 1980s in the United States, in Japan, and in Australia.
Today these programs are expanding on the basis of their
continuing discoveries of novel new drug leads. Unlike the
majority of terrestrial drug research, marine drug discovery
programs have been applied to selected, difficult to treat
diseases that have eluded cures for decades. Yet, progress
has been observed in many of these difficult areas. New
drugleads have been identified with potentimmunosuppressant
properties, with anti-inflammatory properties, and with
significant anticancer potential"?. Perhaps the first molecule
discovered was the unique cyclic ester bryostatin 1 isolated
and defined by researchers at Arizona State University.
Bryostatin 1 occurs as a trace component of the common
bryozoan Bugula neritina, which occurs worldwide often as
a conspicuous component of the fouling communities on
pier pilings. The molecule was the most selective antileukemia
agent, and recognized as a very potent inhibitor of numerous
leukemia cells in culture. As is regularly the case, only selected
populations of this illustrious animal were found to contain
bryostatin 1. Bryostatin 1 has already been acknowledged
as a chemically and pharmacologically exceptional molecule
of great interest in basic medical research®l. This compound
possesses unprecedented immunostimulatory properties,
and it activates protein kinase C, an important regulator of
hormone-mediated signal transduction, and a novel enzyme
target for the development of new antitumor drugs!¥. In
the 1970, as part of an NCl-sponsored survey of Caribbean
invertebrates, the impressive cytotoxic properties of extracts
of the mangrove ascidian Ecteinascidia turbinata were
discovered. Although it was clear, even then, that this animal
contained substances of great importance, the difficulty
encountered in isolating and identifying the active substance(s)
rendered this project virtually unsolvable, due to the fact
that active substances were present in vanishingly small
amounts, and the compounds were apparently of a very
new and difficult to isolate structural class. After 20 years
of advancements in chemistry, the active substances, named
the ecteinascidins, were isolated and described by researchers
at the University of Illinois and the Harbor Branch
Oceanogtaphic Institution”. The most abundant compound,
Ecteinascidin 743, showed excellent potency, IC,, = 0.5

ng/ml against murine (I-1210) leukemia 7z witro and

significantly extended the life spans of mice infected with
P-388 lymphocytic leukemia. In subsequent testing, this
compound showed selectivity towards MXI human mammary
tumors cultivated in mice. Unlike bryostatin 1, ecteinascidin
743 is chemically related to a rare group of microbial
antibiotics, the saframycins, which has raised the question
of a possible microbial source existing within the tissues
of this ascidian®®. Another Caribbean ascidian, Trididensnum
solidum, has also been recognized to contain substances of
potential use in cancer chemotherapy. This ascidian was
found to contain a series of cyclic peptides, the Didemnins,
all of which were closely related. The most medicinally
important of these compounds, Didemnin B, showed
impressive cytotoxicity against lymphomas and significantly
extended the survival of mice in the P-388 leukemia assay.
On the basis of these encouraging properties, a large-scale
collection of this animal was undertaken and larger amounts
of Didemnin B were isolated".. Unfortunately, Didemnin
B has subsequently been found to exhibit significant toxicity
at doses near those required for life conservation. It is
important to point out, however, that the evaluation of new
drugs is a complex process in which both negative and
positive results are continuously evaluated over time. Taxol,
for example, required over 20 years of study before it was
approved as a cancer drug. This fact has been once again
realized during the development of Didemnin B. A more
recent addition to the list of thrilling marine anticancer
agents is dolastatin 10, a linear peptide discovered by
researchers at Arizona State University from the sea hare
Dolabella auricularia, collected in the Indian Ocean. Found
in complex mixtures with related peptides, dolastatin 10
showed outstanding inhibitory effects against several forms
of skin cancers in laboratory, studies. More importantly,
subsequent whole animal testing showed this peptide to
provide significant effects in controlling human melanoma
in implanted mice. The element of cutiosity in this work
is the true origins of the peptides in D. auricularia. Sea hares
are most often herbivores, and it has been unequivocally
demonstrated that these shell-less mollusks acquire defensive
chemicals from their diets rather than synthesizing them as
many animals do. Thus Dolastatin 10 and its analogs ate
most likely of an algal dietary origin. Based on our knowledge
of the chemistry of marine algae, the Dolastatins are likely
to be produced by filamentous blue-green algae
(cyanobacteria), which are often abundant in these habitats.

Many of these compounds have possessed important
biomedical properties, but only recently was a sponge-
derived compound, halichondrin B, added to the list of
agents to enter clinical trials. Halichondrin B, a novel
polyether, was isolated and first identified in Japan. This
remarkable metabolite was discovered in the sponge
Halichondria okadat, various collections of which have yielded
a variety of diverse toxins. Halichondrin B is a novel
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compound, related most closely to several of the toxins
produced by toxigenic dinoflagellates”. Due to this
relationship, and for the reason that H. okadai had been
found to concentrate okadaic acid, a2 metabolite of the
dinoflagellate Prorocentrum lima, it seems logical that the
compound may also be of dinoflagellate origin probably
acquired by the filter feeding process. Sustaining this
concept, halichondrin B has recently been isolated by several
investigators from a variety of sponges. Halichondrin B
shows selective antitumor effects against human ovarian
cancers in mice, as well as activity against melanoma and
various forms of leukemia. It seems clear that Halichondrin
B is one of the most promising new anticancer drugs isolated
to date. Another examples of molecules being intensely
studied are discodermolide, a unique immunosuppressive
and cytotoxic agent, isolated by Harbor Branch
Oceanographic Institution scientists from the deep water
sponge Discodernmia dissolutd and curacin, a novel anticancer
agent from the Caribbean bluegreen alga Lyngbya majuscula,
discovered by researchers at Oregon State University!''l
Discodermolide has been shown to possess the identical
tubulin polymer stabilizing properties as taxol, which
certainly indicates that comprehensive preclinical studies
should be undertaken!. Among recent discoveries of
significance, Sebastianines A and B, two novel pyridoacridine
alkaloids with fresh ring systems, have been isolated from
the tunicate Cystodytes dellechiajal™, and a novel cytotoxic
16-membered macrodiolide, Amphidinolide X, has been
isolated from a marine dinoflagellate Amphidininm sp'**.

Setbacks: the toxicity factor

As these compounds (mainly secondary metabolites) are
cytotoxic, they inherently possess fatally toxic properties,
on several instances. As a result, in due course, some of
them were prematurely withdrawn from the clinical trials
due to life-threatening toxic side effects in the patients.
Didemnin B, as indicated eatlier, has shown ineffectiveness
to moderate anticancer response in different target sites
and always invariably accompanied with high toxicity to
the patients!™. However, ultimately due to its extreme
toxicity, it was withdrawn from the phase II clinical trials"‘l.
Moreover, Dehydrodidemnin B or aplidin, an oxidation
product of didemnin B, isolated from Mediterranean
tunicate _Aplidinm albicans with apparently more potent
anticancer potential is also being developed for its phase
I clinical trials in Europel'.

Similarly, girolline and jaspamide, isolated from the sponge
Psendoaxyssa cantharellad™ and the Indo-Pacific sponge Jaspis
plendus™), respectively, were also withdrawn from the clinical
trials due to their extremely toxic side effects. Girolline
resulted in hypertension problems in the patients while
jaspamide was withdrawn benevolently from the preclinical
evaluation stage as it was excessively toxic®!. Yondelis, a
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promising anticancer compound, currently in phase 111
clinical trials, has been approved as an Orphan Drug!.
Conversely, significant hepato- and hemato-toxicities of
Yondelis in rats, mice, and monkeys could in fact limit its

prospective use as an anti cancer drug in humans/®.

However, recent study showed that high dose of
dexamethasone offered complete protection against the
hepatotoxicity in rats by yondelis. Another anticancer
compound, LU103793, a dolastatin 15 analogue, has failed
to show activity in patients with melanoma and breast cancer
in phase 11 trials, however, trials are continuing in ovarian,
prostate, and colon cancer patients™. Besides their
therapeutic efficacy studies in tumor xenograft models,
these compounds along with many others are yet to be
evaluated for their anticancer activities in the chemical/
oncogene-induced  animal  carcinogenesis  models.
Additionally, a useful application of marine chemical
compounds, emerging from their potential to induce/
modulate adduct formation, with susceptible biological
entities, like the DNA, certain enzyme systems, proteins,
etc., can be beneficially employed to study the mechanism
of carcinogenesis, as well as the anticancer mechanism of
action of mainly newer drugs. Sarcophine, a furanocembrane
diterpene, isolated from the Red Sea soft coral Sarcophyton
Glanenm, was found to act as an effective inhibitor of JB6
cell transformation, presented an example of adduct
formation, possibly being induced by the compound itself*".
Several such compounds can be used suitably as bio-markers
to study the adduct formation, facilitating a better
understanding of the mechanism carcinogenesis, and drug
action, necessary for the development of better drugs.

CONCLUSIONS

In discussions of drugs of marine origin, it is important
to distinguish between molecules providing “drug leads”
and those molecules more adequately described as “drug
candidates” that are presented here. Despite of the fact
that several pharmacologically active marine compounds
have been dropped from further drug developments, on
account of severs toxicities, still there is a vast scope of
finding new drug leads from this colossal source. Marine
plants and animals have provided literally hundreds of
compounds that can be defined as the former, but few
have advanced to the stages of clinical trials. The molecules
presented here are thus concrete examples of the exciting
advances being made in marine drug discovery. The process
discovery and identification of these compounds suggests
that they have already contributed significantly to biomedical
research and at least some of them may indeed reach the
status of clinical trials. Marine drug discovery can prove
to be an immensely useful ray of hope for the most dreaded
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diseases, including cancer. The discovery and invention of
a new class of anti cancer agents, known as the vascular
disrupting agents, such as the Combretastatins and Sorafenib,
also give a ray of hope to cancer patients®. With the matine
drug research, making speedy advances, we can expect
similar agents from the ocean anytime now. Moreover, the
search for better anticancer agents must go on at a war
footing even in the lesser investigated marine environments,
like the Indian Ocean, where huge unexplored opportunities
still lie unearthed?. A thoroughgoing war against cancer,
at all fronts is the only viable option left with us.
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What appears likely is that studies of new drugleads from
matine sources will significantly expand. As the scientific
bridges between marine science and drug discovery continue
to be built, new collaborations will lead to expanded
pharmacological research. There is no doubt that these
global studies will identify novel marine drug candidates
in diverse areas of therapeutic development. When one
considers the extent of oceanic biodiversity, including such
major, uninvestigated groups as marine bacteria and fungi,
it seems likely that marine sources could be the major
source of new drugs for the succeeding years.

HO

Ecteinascidin 743 (Yondelis)

H
i Hil H
H
Het ﬂ_\%_w" =
-
u N 0’ Heo! H o 5J
SHy O

O HGHCO H ©

Dolastatin 10

Amphidinolide X

Some potent bioactive compounds from the ocean

Pharmacognosy Journal | Vol 4 | Issue 27 | Jan-Feb 2012



Tadesse: Potent bioactive compounds from the ocean: some interesting aspects and applications

REFERENCES

Marinlit. Version September. A marine literature database produced and
maintained by the Department of Chemistry, University of Canterbury,
New Zealand, 2007; (www.chem.canterbury.ac.nz/marinlit/marinlit.shtml)

Proksch, P, Miller, W.E.G. Frontiers in Marine Biotechnology. Horizon
Bioscience: Norfolk, U.K., 2006.

Pettit, G.R., C.L. Herald, D.L. Doubek, D.L. Herald, E. Arnold and J. Clardy.
Isolation and structure of bryostatin 1. J. Am. Chem. Soc. 1982; 104:
6846-6848.

Suffness, M., D.J. Newmann and K. Snader,: Discovery and development
of antineoplastic agents from natural sources. In: Bioorganic Chemistry,
1989; vol. 3: PJ. Scheuer, ed. Springer-Verlag, New York, 131-168.

Wright, A.E., D.A. Forleo, G.P. Gunawardana, S.P. Gunasekera, FE. Koehn
and O.J. Mc-Connell, Antitumor tetrahydroisoquinoline alkaloids from the
colonial ascid-Jan Ecteinascidia mrbinata. J. Org. Chem., 1990; 55:
4508-4512.

Rinehart, K.L., T.G. Holt, N.L. Fregeau, J.G. Stroh, PA. Keifer, F. Sun, et al.
Ecteinascidins 729, 743, 745, 759A, 759B, and 770: potent antitumor
agents from the Caribbean tunicate Ecteinascidia turbinata. J. Org.
Chem., 1990; 55:4512-4515.

Rinehart, K.L., Jr, J.B. Gloer, J.C. Cook, S.A. Mizsak and T.A. Scahill,:
Structures of the didemnins; antiviral and cytotoxic depsipeptides from a
Caribbean tunicate. J. Am. Chem. Soc. 1981; 103:1857-1859.

Pettit, G.R.,Y. Kamano, C.L. Herald, A.A. Tuinman, F.E. Boettner, H. Kizu, et
al. Isolation and structure of a remarkable marine animal antineoplastic
constituent: dolastatin 10. J. Am. Chem. Soc., 1987;109:6883-6885.

Hirata, Y. and D. Uemura. Halichondrins--antitumor polyether macrolides
from a marine sponge. Pure Appl. Chem. 1986; 58:701-710.

Gunasekera, S.P, M. Gunasekera and G.K. Schulte,: Discodermolide: a
new bioactive polyhydroxylated lactone from the marine sponge
Discodermia dissoluta. J. Org. Chem., 1990; 55:4912-4915. erratum. J.
Org. Chem. 1991; 56:1346.

Gerwick, W.H., PJ. Protean, D.G. Nagle, E. Hamel, A. Blotchin and D.L.
Slate, Structure of curacin A, a novel antimitotic, antiproliferative, and
brine shrimp toxic natural product from the marine cyanobacterium
Lyngbya majuscula. J. Org. Chem. 1994; 59:1243-1245.

ter Haar, E., R.J. Kowalski, E. Hamel, C.M. Lin, R.E. Longley, S. Gunasekera,
et al. Discodermolide, a cytotoxic marine agent that stabilizes microtubules
more potently than taxol. Biochemistry. 1996; 35:243-245.

Pharmacognosy Journal | Vol 4 | Issue 27 | Jan-Feb 2012

13.

20.

21.

22.

23.

24,

25.

26.

Torres Y.R., Bugni T.S., Berlinck R.G., Ireland C.M., Magalhaes A, Ferreira
A.G., et al. Sebastianines A and B, novel biologically active pyridoacridine
alkaloids from the Brazilian ascidian Cystodytes dellechiajei. J. Org.
Chem. 2002; 67:5429-5432.

Tsuda M., Izui N., Shimbo K, Sato M., Fukushi E., Kawabata J., et al.
Amphidinolide X, a novel 16-membered macrodiolide from dinoflagellate
Amphidinium sp. J. Org. Chem. 2003; 68:5339-5345.

Kucuk O, Young ML, Habermann TM, Wolf BC, Jimeno J, Cassileth PA.
Phase Il trial of didemnin B in previously treated non-Hodgkin's
lymphoma: an Eastern Cooperative Oncology Group (ECOG) study. Am.
J. Clin. Oncol. 2000; 23(3):273-277.

Amador ML, Jimeno J, Paz-Ares L, Cortes-Funes H, Hidalgo M. Progress
in the development and acquisition of anticancer agents from marine
sources. Ann. Oncol. 2003;14(11):1607-1615.

Sakai R, Rinehart KL, Kishore V, et al. Structure—activity relationships of
the didemnins. J. Med. Chem. 1996; 39(14):2819-2834.

Ahond A, Bedoya Zurita M, Colin M, et al. Lagirolline, nouvelle substance
antitumorale extraitede I'eponge, Pseudaxinyssa cantharella n. sp.
(Axinellidae). CR Acad Sci Paris Serie 1I.1988; 307:145-148.

Crews P, Manes LV, Boehler M. Jasplakinolide, a cyclodepsipeptide from
the marine sponge, Jaspis sp. Tetrahedron Lett. 1986; 27:2797-2800.

Faulkner DJ. Marine pharmacology. Antonie VanlLeeuwenhoek. 2000;
77(2):135-145.

Haefner B. Drugs from the deep: marine natural products as drug
candidates. Drug Discov Today. 2003; 8(12):536-544.

Donald S, Verschoyle RD, Greaves P, et al. Complete protection by high-
dose dexamethasone against the hepatotoxicity of the novel antitumor
drug yondelis (ET-743) in the rat. Cancer Res. 2003; 63(18):5902-5908.

Kerbrat P, Dieras V, Pavlidis N, Ravaud A,Wanders J, Fumoleau P. Phase ||
study of LU103793 (dolastatin analogue) in patients with metastatic
breast cancer. Eur J Cancer.2003; 39(3):317-320.

El Sayed KA, Hamann MT, Waddling CA, et al. Structurally novel
bioconversion products of the marine natural product sarcophine effectively
inhibit JB6 cell transformation. J. Org. Chem. 1998; 63(21):7449-7455.

Kartikay Pandey,. Combretastatins and Sorafenib: Promising Anti cancer
Agents. Pharmacognosy Reviews [Phcog Rev.]- Supplement. 2008;
Jul-Dec; 2(4):46-49.

Pt. Kartikay Pandey. Endangered Medicinal Species of the Indian Ocean:
Radical Need for Conservation. Chemistry & Biodiversity. 2009; 6 (7);
990-1001.





