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ABSTRACT

A number of novel compounds, which are
produced in the marine environment, have been
found to exhibit the anticancer effects

Some marine organisms cytarabine, eribulin
mesylate, brentuximab vedotin, and trabectidine
have proved to be important producers of
chemically active compounds with valuable
bioactive properties, including anticancer. Thus, the
ocean has proved to be a huge source of bioactive
compounds, making the discovery and study of
these compounds a growing area.

Cancer remains one of the most lethal diseases
worldwide. There is an urgent need for new drugs
with novel modes of action and thus considerable
research has been conducted for new anticancer
drugs from natural sources, especially plants,
microbes and marine  organisms.  Marine
populations represent reservoirs of novel bioactive
metabolites with diverse groups of chemical
structures.

This review highlights the impact of marine
organisms, with particular emphasis on marine
plants, algae, bacteria, actinomycetes, fungi,
sponges.
Keywords:marine,microorganism,anticancer,clinic
al trial, eribulin mesylate, fucoxanthin.

INTRODUCTION

Cancer is one of the most devastating and
deadly diseases in the World. In 2020, more than
19 million new cases of cancer were reported
globally, resulting in approximately 10 million
deaths. The high rates of cancer incidence have
been reported with the increased risk of age and
lifestyle changes, which are becoming less and less
healthy.!*%

The struggle for existence in a natural
environment occasionally makes a species develop
its own unique weapons such as speed, power, or
even toxins. As these toxins possess biologically
potent activity and unique modes of actions, these
natural products have been regarded as a robust

platform for further medicinal research.®** Thus
far, marine natural products have been particularly
highlighted for their extraordinary bioactivity under
highly diluted conditions.*®  marine natural
products could have the powerful potential for drug
discovery, there are also a few obstacles associated
with them. First, it is rather difficult to secure a
sufficient amount of these products for further
study.' In most cases, the medicinal study of
natural products requires a substantial number of
test samples for elucidation of target
protein/receptor and following signaling pathway.

Over the past decades, a large humber of
marine-derived compounds have been screened,
and a wide range of activities, such as antiviral,
antibacterial, antitumor, antidiabetic, and anti-
inflammatory, have been reported.!®! According to
the data of National Institutes of Health, the anti-
tumor activity rate of marine compounds is far
greater than that of terrestrial compounds.' To our
best knowledge, cytarabine, eribulin mesylate,
brentuximab vedotin, and trabectidine are marine-
based drugs used against cancer. 1!

In terms of incidence and mortality, breast
and lung cancers are the most common and are
each responsible for more than 2 million diagnoses
in 2020. The more frequent cancers in men are
lung, prostate, and colorectum cancers, and lung
cancer is responsible for more deaths (more than 1
million), followed by colorectum cancer. In
women, breast cancer is the most frequent,
followed by colorectum and lung cancers. In
women, breast cancer has the highest mortality,
with approximately 600,000 deaths. '

Furthermore, it is estimated that in 2040
the number of new cancer cases in the globe will
[rles?ch 28 million, with mortality beyond 16 million.

Cancer treatment can involve different
therapies, such as surgery, chemotherapy, radiation
therapy, and even immunotherapy.t****!

Currently, the development of drugs for
the treatment of cancer has been widely studied.
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One of the primary sources of these drugs are
natural compounds from plants and marine
organisms. 6]

several natural products derived from marine
sources have also been used in the prevention and
treatment of various cancers, including leuckemia,
metastatic breast cancer, soft tissue sarcoma and
ovarian cancer.[*#1°!

Marine-derived natural products and their
classification

Oceans are vast and marine animals are
the beginning of novel anticancer therapeutics for
an enhanced cure and colossal chemical compound
cluster assortment. Different chemical mixes from
marine origin are isolated and amalgamated by
manufactured methodology for cancer therapy.?”
In any case, marine sources are, as it were,
unexplored for anticancer therapeutic drugs.
Despite the way that various classes have been built
up, thinking about their compound structures, the
most outstanding MNPs incorporate different
engineered classes of alkaloids from the marine
algae, terpenes having varied structural diversity,
peptides from assorted marine animals, polyketides
with fascinating biological properties, and high
molecular weight organic sugars. All these sorts of
MNPs assume a primary job in the blend of
anticancer medications dependent on their critical

natural  functions against unending lethal
infections.[*!]
Marine natural products and origins of

anticancer drugs

A broad spectrum of pharmaceutically
related bioactivities is demonstrated by MNPs.
Marine microorganisms such as sponges, algae or
corals and particularly marine bacteria and fungi
have been shown to produce novel secondary
metabolites (SMs) with unique and diverse
chemical structures that can beessential to the
production of anticancer drugs./??Anticancer drugs
from the marine sources include prokaryotes,
specifically marine bacteria such as Lactobacilli
and Noctiluca scintillans, algae (seaweeds) that
produce  secondary anticancer  metabolites,
mangroves with anticancer metabolites and least
explored flora for anticancer compounds, and other
sorts of marine living things that retain moderately
more than 70 % of the globe. Likewise, The
biodiversity of the marine microflora and
microalgae is widespread in the world’s oceans,
making up to an area of 90 % sea
biomass.[*!Notwithstanding, a wide variety of
bioactivities have been identified to evoke several
MNPs and appear to be a fertile conduit for the
generation of new cancer treatment drugs or drug
leads.

Chemical Compounds | Pharmaceutical/Biolo | Anticancer Anticancer Ref
class included gical activity chemicals chemicals
Alkaloids Pyridoacrines | anticancer; Topsentin; Sponges; 9
; indoles; antimalarial& tambjamine D, | tunicates;
antimicrobial discorhabdines
Polyketides Macrolides; Antibiotic; anticancer; Sponges; 24
aromatic; antifungal; antiparasitic | Haloroquinone; ascidians;
compounds soft coralsand
symbiotic
bacteria
Polyphenols Phenolic Antioxidant; Scutellarein 4’ - | seaweeds; 25
acids; anticancer,  antiviral; | methyl ether; | seagrass, and
flavonoids; anti-inflammatory; phloroglucinal; mangroves
anthocyanidin | inhibit human platelet | ecol;
s; tannins& | aggregation; metal | phlorofucofuroec
gallic acid chelators ol A; diecol, and
8.,8' -Biecol
Terpenes Monoterpene | Cytotoxic; Caulerpenyne; Soft coral and | 26
S; antiproliferative; usneoidols Z and | sponges
sesquiterpene | antimicrobial; E
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The highly complex structure of marine
natural products frequently makes it very difficult Eribulin mesylate :-
to modify or synthesize them on a large Eribulin mesylate (E7389) is a
scale.”"?®In order to improve the biological microtubule inhibitor with a unique mechanism of
activity of these products, both chemical action. Eribulin is a simplified synthetic analog of
modification and  related  structure-activity the marine natural macrolide halichondrin B.

relationship (SAR)
products are necessary.
However, their highly complex structure hampers
efficient modifications and any subsequent
systematic research.!*%)

study of marine natural
[29]

Drug summary:

Halichondrin B, which has demonstrated antitumor
activity, was first isolated from the rare Japanese
sponge Halichondriaokadai.®*? Pharmaceutical
production and clinical development of halichodrin
B was initially limited by its natural availability.

Drug name - Eribulin mesylate
Phase- preregistration

Indication- Breast cancer

Pharmacological description- tubulin antagonist | Cell cycle inhibitor

Route of administration — parentral ,Intravenous

Chemical structure-

Pharmacodynamics of Eribulin mesylate

Most tubulin binding agents including the
taxanes, epothilones and vinca alkaloids, inhibit
both the shortening and growth phases of
microtubule dynamic instability. By contrast,
eribulin is thought to work mainly through an end-
poisoning mechanism that inhibits microtubule
growth without affecting microtubule shortening.

This results in sequestration of tubulin into
nonfunctional aggregates and ultimate formation of
abnormal mitotic spindle that is unable to continue
mitosis.[3334%]
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Pharmacokinetics and metabolism of Eribulin
mesylate

Eribulin has been shown to demonstrate
triphasic elimination with a slow to moderate
clearance and a slow elimination. The terminal
half-life of eribulin ranges in studies from 36 to 48
h. Pharmacokinetics seems linear and dose-
proportional. Eribulin has a rapid distribution phase
with a mean distribution half-life of ~ 0.43 h.
Urinary elimination is minimal. Plasma area under
the concentration--time curve and maximum
plasma concentration were found to increase
linearly over various dose ranges studied.**3"]

Fucoxanthin:-

Fucoxanthin, a natural xanthophyll
carotenoid, is generally found in edible brown
seaweeds. This compound, together with -
carotene, is considered as one of the most abundant

Chemical structure

carotenoids in nature. This compound is a marine
carotenoid exhibiting several health benefits.®!
Fucoxanthin has remarkable biological properties
for human health.®? It is known that fucoxanthin
has antioxidant  activity! %4 [42]

antiobesity"™,
antidiabetic*!, anti-inflammatory!**

, anti-acnel*!,
neuroprotectivel*, and anticancer activities."®!

Drug summary:

Drug name - fucoxanthin
Molecular Formula

hd QQH@Q@

Synonyms

. Fucoxanthin

. all-trans-Fucoxanthin
Molecular Weight

658.9 g/mol

CH;

Fucoxanthin and its sources

Fucoxanthin is a major marine carotenoid
found in edible brown seaweeds such as
Undariapinnatifida®, Sargassum duplicatum and
Sargassum  binderi®™, Sargassum  fulvellum®
Fucus evanescensi®, Fucoxanthin is one of the
most abundant carotenoids, and contributes more
than 10% of the estimated total production of
carotenoids in nature®, especially in the marine
environment®4.

Currently, the most common method for
extracting the compound from a natural source is
by liquid solvent extraction using hexane,
petroleum ether, or toluene. For example,
fucoxanthin has been extracted from Laminaria
japonica using dimethyl sulfoxide®™  and
ethanol®, Undaria pinnatifida using acetone®”,
chloroform/ methanol®, and ethanol®, Hijikia
fusiformis®™!, Eisenia bicyclis using acetonel®,
Ishigeokamurae  using  methanol/chloroform(®2:
Sargassum  hemiphyllum  using  ethanol®!
Sargassum  binderi, Sargassum plagyofillum,

Turbinaria turbinata and Padina australis using
hexane/acetone, 1064651

REFERENCES :

[1]. White, M.C.; Holman, D.M.; Boehm, J.E.;
Peipins, L.A.; Grossman, M.; Jane Henley,
S. Age and Cancer Risk. Am. J. Prev.
Med. 2014, 46, S7-S15. [CrossRef]

[2]. Gurib-Fakim, A. Medicinal plants:
Traditions of yesterday and drugs of
tomorrow. Mol. Asp. Med. 2006, 27, 1-
93. [CrossRef]

[3]. Harvey, A.L. Toxins and drug discovery.
Toxicon 2014, 92, 193-200. [CrossRef]
[PubMed]

[4]. De Souza, J.M.; Goncalves, B.D.; Gomez,
M.V.; Vieira, L.B.; Ribeiro, F.M. Animal
toxins as therapeutic tools to treat
neurodegenerative diseases. Frobt.
Pharmacol. 2018, 9, 145[cross Ref]
[PubMed]

[5]. Molinski, T.F.; Dalisay, D.S.; Lievens,
S.L.; Saludes, J.P. Drug development from

DOI: 10.35629/4494-1002726733

Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 730


https://pubchem.ncbi.nlm.nih.gov/#query=C42H58O6

JPRA Joun

\7

nal

International Journal of Pharmaceutical Research and Applications
Volume 10, Issue 2 Mar — Apr 2025, pp: 726-733 www.ijprajournal.com

marine natural products. Nat. Rev. Drug [16]. Ruiz-Torres, V.; Encinar, J.; Herranz-
Discov.2009, 8, 69. [cross Ref] [PubMed] Ldpez, M.; Pérez-Sanchez, A.; Galiano,
[6]. Mayer, A.M.; Glaser, K.B.; Cuevas, C.; V.; Barrajon-Catalan, E.; Micol, V. An
Jacobs, R.S.; Kem, W.; Little, R.D; Updated Review on Marine Anticancer
Mcintosh, J.M.; Newman, D..; Potts, Compounds: The Use of Virtual Screening
B.C.; Shuster, D.E. The odyssey of marine for the Discovery of Small-Molecule
pharmaceuticals: A  current  pipeline Cancer Drugs. Molecules 2017, 22, 1037.
perspective. Trends Pharmacol. Sci. 2010, [CrossRef]
31, 255-265. [CrossRef] [PubMed] [17]. Newman, D..; Cragg, G.M. Natural
[7]. Montaser, R.; Luesch, H. Marine natural Products As Sources of New Drugs over
products: A new wave of drugs? Future the 30 Years from 1981 to 2010. J. Nat.
Med.  Chem. 2011, 3, 1475- Prod. 2012, 75, 311-335. [CrossRef]
1489.[CrossRef] [PubMed]. [18]. DrugBank Online. Database for Drug and
[8]. Mayer, A.M.S.; Rodriguez, A.D.; Drug Target Info. Available online:
Taglialatela-Scafati, O.; Fusetani, N. https://go.drugbank.com/ (accessed on 24
Marine pharmacology in 2012-2013: May 2021).
Marine Compounds with Antibacterial, [19]. Dyshlovoy, S.; Honecker, F. Marine
Antidiabetic, Antifungal, Anti- Compounds and Cancer: 2017 Updates.
inflammatory, Antiprotozoal, Mar. Drugs 2018, 16, 41. [CrossRef]
Antituberculosis, and Antiviral activities; [20]. B. Dhorajiya, M. Malani, B.J. Dholakiya,
Affecting the Immune and Nervous Extraction and preservation protocol of
Systems, and Other Miscellaneous anti-cancer agents from marine world,
Mechanisms of Action. Mar. Drugs 2017, Chem. Sci. J. (2012).
15, 273 [21]. V. Ruiz-Torres, J.A. Encinar, M. Herranz-
[9]. Mayer, A.M.S.; Glaser, K.B.; Cuevas, C.; Lopez, ~ A. P'erez-Sanchez, ~ V. Galiano,
Jacobs, R.S.; Kem, W.; Little, R.D; E. Barrajon-Catal “ an, * V.J.M. Micol, An
Mclintosh, J.M.; Newman, D.J.; Potts, updated review on marine anticancer
B.C.; Shuster, D.E. The odyssey of marine compounds: The use of virtual screening
pharmaceuticals: A current  pipeline for the discovery of small-molecule cancer
perspective. Trends Pharmacol. Sci. 2010, drugs, Molecules 22 (7) (2017) 1037.
31, 255-265. [CrossRef] [PubMed] [22]. C. Alves, J. Silva, S. Pinteus, H. Gaspar,
[10]. Drug Bank. Available online: M.C. Alpoim, L.M. Botana, R. Pedrosa,
http://www.drugbank.ca (accessed on 17 From marine origin to therapeutics: the
August 2019). antitumor potential of marine algaederived
[11]. Dyshlovoy, S.A.; Honecker, F. Marine compounds, Front. Pharmacol. 9 (2018)
compounds and cancer: 2017 updates. 777,
Mar. Drugs 2018, 16, 41. [CrossRef] [23]. S.K. Kim, S. Kalimuthu, Introduction to
[PubMed] anticancer drugs from marine origin.
[12].  World Health Organization. Cancer Handbook of Anticancer Drugs From
Today. Available online: Marine Origin, Springer, 2015, pp. 1-13.
https://gco.iarc.fr/today/home  (accessed [24]. T. Rocha-Santos, A.C. Duarte, Analysis of
on 23 May 2021). Marine Samples in Search of Bioactive
[13]. World Health Organization. Cancer Compounds, Elsevier, 2014
Tomorrow. Available online: [25]. M.E.F. Hegazy, T.A. Mohamed, M.A.
https://gco.iarc.fr/tomorrow/en  (accessed Alhammady, A.M. Shaheen, E.H. Reda,
on 24 May 2021) A. |. Elshamy, M. Aziz, P.W.J. Par’e,
[14]. Feinberg, A.P.; Ohlsson, R.; Henikoff, S. Molecular architecture and biomedical
The epigenetic progenitor origin of human leads of terpenes from red sea marine
cancer. Nat. Rev. Genet. 2006, 7, 21-33. invertebrates, Mar. Drugs 13 (5) (2015)
[CrossRef] 3154-3181
[15]. Sun, W. Recent advances in cancer [26]. .R. Sable, P. Parajuli, S.J. Jois, Peptides,
immunotherapy. J. Hematol. Oncol. 2017, peptidomimetics, and polypeptides from
10, 96. [CrossRef] marine sources: a wealth of natural
DOI: 10.35629/4494-1002726733 Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 731



\7

JPRA Journal

International Journal of Pharmaceutical Research and Applications
Volume 10, Issue 2 Mar — Apr 2025, pp: 726-733 www.ijprajournal.com

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

[35].

[36].

sources for pharmaceutical applications,
Mar. Drugs 15 (4) (2017) 124.

Choudhary, A Naughton, L.;
Montanchez, 1.; Dobson, A.; Rai, D.
Current status and future prospects of
marine natural products (MNPs) as
antimicrobials. Mar. Drugs 2017, 15, 272.
[CrossRef] [PubMed]

Lear, M.J.; Hirai, K.; Ogawa, K
Yamashita, S.; Hirama, M. A convergent
total synthesis of the kedarcidin
chromophore: 20-years in the making. J.
Antibiot. 2019, 72, 350-363. [CrossRef]
[PubMed]

Xiao, Z.; Morris-Natschke, S.L.; Lee, K.-
H. Strategies for the optimization of
natural leads to anticancer drugs or drug
candidates. Med. Res. Rev. 2016, 36, 32—
91. [CrossRef] [PubMed]

Newman, D.J.; Cragg, G.M. Drugs and
drug candidates from marine sources: An
assessment of the current “state of play”.
Planta Med. 2016, 82, 775-789.
[CrossRef] [PubMed]

Bai RL, Paull KD, Herald CL, et al.
Halichondrin B and homohalichondrin B,
marine natural products binding in the
vinca domain of tubulin. Discovery of
tubulin-based mechanism of action by
analysis of differential cytotoxicity data. J
Biol Chem 1991;266:15882-9

Sipkema D, Osinga R, Schatton W, et al.
Large-scale production of pharmaceuticals
by marine sponges: sea, cell, or synthesis?
BiotechnolBioeng2005;90:201-22

Towle MJ, Salvato KA, Budrow J, et al. In
vitro and in vivo anticancer activities of
synthetic macrocyclic ketone analogues of
halichondrin B. Cancer Res 2001;61:1013-
21

Jordan MA, Kamath K, Manna T, et al.
The primary antimitotic mechanism of
action of the synthetic halichondrin E7389
is suppression of microtubule growth. Mol
Cancer Ther 2005;4:1086-95

Okouneva T, Azarenko O, Wilson L, et al.
Inhibition of centromere dynamics by
eribulin ~ (E7389)  during  mitotic
metaphase. Mol Cancer Ther
2008;7:2003-11

Goel S, Mita AC, Mita M, et al. A Phase |
study of eribulin mesylate (E7389), a
mechanistically  novel inhibitor  of
microtubule dynamics, in patients with

[37].

[38].

[39].

[40].

[41].

[42].

[43].

[44],

[45].

[46].

[47].

[48].
[49].

[50].

[51].
[52].
[53].
[54].

[55].

[56].

advanced solid malignancies. Clin Cancer
Res 2009;15:4207-12

Tan AR, Rubin EH, Walton DC, et al.
Phase | study of eribulin mesylate
administered once every 21 days in
patients with advanced solid tumors. Clin
Cancer Res 2009;15:4213-19

Kumar S R, Hosokawa M and Miyashita
K 2013 Mar. Drugs 11 5130
LiY,LiuY,Wang Y, YuY,Zeng VY, LiL
and Wang L Am. J. Biochem. Biotechnol.
12 139

Ha AW, NaSJand KimW K. 2013 Nutr.
Res. Pract. 7 475

Sujatha M, Suganya P and Pradeepa V
2017 Int.J. Innov. Res. Sci. Eng. Technol.
616734

Hitoe S and Shimoda H 2017 Funct.
Foods Health Dis. 7 246

Maeda H, Kanno S, Kodate M, Hosokawa
M, Miyashita K, 2015, Mar. Drugs, 13
4799

Choi J-H, Kim N-H, Kim S-J, Lee H-J and
Kim S 2016 J. Biochem. Mol. Toxicol. 30
111

Renhoran M, Noviendri D, Setyaningsih |
and Uju 2017 JPHPI 20 370

Zhang L, Wang H, Fan Y, Gao Y, Li X,
Hu Z, Ding K, Wang Y and Wang X 2017
Sci.Rep. 71

Jaswir 1, Noviendri D, Salleh M H and
Miyashita K 2011 Afr. J. Biotechnol. 10
18855

Nursid M, Noviendri D, Rahayu and
Novelita V 2016 JPBKP 11 83

Wang S K, Li Y, White W L and Lu J
2014 J. Funct. Biomater. 5 29

Noviendri D, Jaswir I, Salleh H M, Taher
M, Miyashita K and Ramli N 2011 J. Med.
Plant Res. 5 2405

Urikura I, Sugawara T and Hirata T 2011
Biosci. Biotechnol. Biochem. 75 757

Imbs T I, Ermakova S P, Fedoreyev S A,
Anastyuk S D and Zvyagintseva T N 2013
Mar. Biotechnol. 15 606

Matsuno T 2001 Fish. Sci. 67 771
Dembitsky V M and Maoka T 2007 Prog.
Lipid Res. 46 328

Wang W-J, Wang G-C, Zhang M and
Tseng C K 2005 J. Integr. Plant Biol. 47
1009

Hashimoto T, Ozaki Y, Taminato M, Das
S K, Mizuno M, Yoshimura K, Maoka T

DOI: 10.35629/4494-1002726733

Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 732



International Journal of Pharmaceutical Research and Applications
1 Volume 10, Issue 2 Mar — Apr 2025, pp: 726-733 www.ijprajournal.com

| N N

|JPRA Journal

and Kanazawa K 2009 British J. Nutr. 102
242

[57]. Beppu F, Hosokawa M, Niwano Y and
Miyashita K 2012 Lipids Health Dis. 11 1

[58]. Maeda H, Tsukui T, Sashima T,
Hosokawa M and Miyashita K 2008 Asia
Pac. J. Clin. Nutr. 17 196

[59]. Jeon S-M, Kim H-J, Woo M-N, Lee M-K,
Shin Y C, Park Y B and Choi M-S 2010
Biotechnol. J. 5 961

[60]. Yan X, Chuda Y, Suzuki M and Nagata T
1999 Biosci. Biotechnol. Bioeng. 63 605

[61]. Kim S M, Shang Y F and Um B H 2011
Phytochem. Anal. 22 322

[62]. Kang M-C, Lee S-H, Lee W-W, Kang N,
Kim E-A, KimS'Y, Lee D H, Kim D and
Jeon Y-J 2014 J. Funct. Foods 11 304

[63]. Hwang P-A, Hung Y-L, Gau S-Y, Wu C-
H and Chou Y-C 2014 J. Taiwan Fish.
Res. 22 93

[64]. Jaswir I, Noviendri D. Salleh H M and
Miyashita K 2012 Food Sci. Technol. Res.
18 251

[65]. Noviendri D 2014 Isolation and
Microencapsulation of Fucoxanthin for
Drug Delivery System of Human Lung
Cancer (H1299) Cell Line Ph.D. Thesis
(Faculty of Engineering, International
Islamic University Malaysia, Malaysia) p
201

DOI: 10.35629/4494-1002726733 Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 733



