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ABSTRACT

Natural products have been known as premier sources that can produce biologically
active secondary metabolites which are potentia chemotherapeutic agents.
Mankind has observed for about thousands of years that marine fauna and flora
contain substances with potent antimicrobial activity. Since then, al the life forms
from marine environment have been thoroughly investigated for the content of such
natural products. In recent years, biological activities, potential health benefits, and
nutritional value of marine algae have been intensively investigated. This review,

however, focuses specifically on the antimicrobial compounds from marine algae

in Indian coast.

I ntroduction

The marine resources are nowadays
widely studied because of numerous
reasons such as the oceans cover more
than 70% of the world surface and
between 36 known living phyla of which
34 are found in marine environments with
more than 300000+ known species of
fauna and flora. The rationale of searching
for drugs from marine environment, stem
from the fact that marine plants and
animals have adapted to al sorts of marine
environments and these creatures are
constantly under tremendous selection
pressure such as space competition along
with predation, surface fouling and
reproduction (Jirge and Chaudhari, 2010).

Seaweeds have been one of the richest and
most promising sources of bioactive
primary and secondary metabolites. These
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compounds have diverse simultaneous
functions for the seaweeds and can act as
antimicrobial, allelopathic, antifouling,
and herbivore deterrents, or as ultraviolet-
screening agents. They are also used by
the pharmaceutical industry in drug
development to treat diseases like cancer,
acquired immune-deficiency syndrome
(AIDYS), infection from virus, bacteria and
fungus, inflammation, pain, arthritis etc.
Currently, algae represent about 9% of
biomedical compounds obtained from the
Sea.

Marine Organism of Interest
Marine Algae

The seaweed is the largest marine algae
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(macro agae) that grow amost
exclusively in the shallow waters at the
edge of the world's oceans. Seaweeds can
be classified into three broad groups based
on pigmentation brown, red and green,
which are Phaeophyceae, Rhodophyceae
and Chlorophyceae respectively. They
supply homes and food for many different
sea animals fand are also valuable to man
asafood and industrial raw material. They
use the sun's energy to produce
carbohydrates from carbon dioxide and
water (Jirge and Chaudhari, 2010). Marine
algae produces a wide variety of
significant natural compounds, that is the
secondary metabolites because they are
not involved in the basic machinery of life
which often contribute to only avery small
fraction of the organism total biomass, the
contribution of these compounds to
survival may sometimes be comparable to
metabolites resulting from the primary
metabolism. Secondary metabolite
compounds aso contribute to growth,
reproduction and defense and thus play a
primary role in the organism integrity
(Mariaet al., 2010).

Marine algae in India: Seaweeds found
in the intertidal, shallow and deep waters
of the sea up, to 180 m depth and in
estuaries and backwaters. They grow on
rocks, corals, stones, pebbles, other
substrates and as epiphytes on seagrasses.
Several species of macroalgae with
abundant growth occur along the Southern
Tamil Nadu Coast from Rameswaram to
Kanyakumari covering 21 islands of the
Gulf of Mannar. On Gujarat coast,
seaweeds occur in abundance in Okha,
Dwarka, Porbandar, Veraval, Diu and
Gopnath areas. Rich seaweed beds are
present in Mumbai, Goa, Karwar, Varkala,
Ratnagiri, Vizhinjam, Visakhapatnam and
coastal lakes of Pulicat and Chilka
Seaweeds aso occur in abundance in
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Lakshadweep, Andaman and Nicobar
Islands. Around more than 10,000 species
of marine algae have been reported al
over the world. In India, about 740 species
of marine algae were recorded, 60 species
of them are of economic vaue. In
Mandapam area 180 species of seaweeds
are growing, of which about more than 40
species are economicaly important
(Kolanjinathan et al., 2014)

Three species of marine algae [S wightii
Greville brown agae (Phaeophyceae), C.
linum green algae (Cladophoraceae) and
P. gymnospora - light brown agae
(Dictyotaceae)] were collected by Xavier
et a., during low tide by hand picking
from the coast of Tuticorin, Tamil Nadu,
India. The collected marine algae was
identified and used for antibacterial studies
(Xavier et al., 2012). Extract from two
species of seaweed samples, Grateloupia
lithophila and Caulerpa racemosa were
collected by Srivastava et a., from
different locations in the Southeast Coastal
Region, Mandapam, Tamil Nadu, India
and Gulf of Mannar, have been shown to
possess a number of biological activities
(Srivastava et al., 2010). Three marine
agae (Chaetomor pha antennina,
Gracilaria corticata and Ulva faciata)
from Visakhapatnam coast, Andhra
Pradesh, India were showed good
antibacterial activity (Ganga et a., 2011).
Acanthaphora spicifera, red Algae grows
up 8cm in height and is widely distributed
in the Mandapam coastal area of
Tamilnadu, India showed the antimicrobial
activity (Pitchaimuthu et al., 2011).

The red alga Sohaerococcus
coronopifolius was shown to have
antibacterial activity; the green alga Ulva
lactuca was isolated from Portieria
hornemanii, Ulva fasciata produces a
novel sphingosine derivative has been
found to have antiviral activity in vivo.
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Stypoldione is a cytotoxic metabolite
inhibits microtubule polymerization and
thereby presents the mitotic spindle
formation, has been isolated from tropical
brown aga Sypodium zonale, P.
hornemanii is found to be a novel source
of cytotoxic penta  halogenated
monoterpen, halomon, which exhibited
one of the most extreme of differential
cytotoxicity in the screening conducted by
the National Cancer Institute (NCI), USA.
Haloman has been selected for preclinical
drug development since this compound
shows toxicity to brain, rena and colon
tumor cell liner and preliminary in vivo
evaluations have been encouraging. An
iodinated novel nucleoside has been
isolated from Hyprea volitiae, which is a
potent and specific inhibitor of Adenosine
Kinase (Johnsi et al, 2011)

The Chilika lake is one of the largest
brackish water lake in Asia situated in the
southern part of Odisha, India and is rich
in various types of seaweeds and marine
macro algae (Chlorophyceae,
Rhodophyceae, Cyanophyceae) etc. Its
climatic condition is suitable for the
growth and development of different types
of economic seaweeds from
Rhodophyceae family. Gracilaria
verrucosa (family Rhodophyceae) is one
of the most exploited red seaweed of
Chilika, India and is commonly known for
its uses in food and phycocollides has a
high growth rate and tolerates high
temperatures. Gracilaria verrucosa are
found growing abundantly in many areas
on the Indian coast and has been listed as
one of the richest sources of bioactive
primary and secondary metabolites
(Sushanto et al., 2013).

Anti-Microbial Compounds

Alkaloids
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Arputha et a., investigated the
antimicrobia effect of the organic extracts
of the two seaweeds Sargassum wightii
(Brown algae) and Kappaphycus alwarezi
(Red algae) might be due to the presence
of Phyto components alkaloids, phenols
and sugars (Arputha et a., 2012). The
isolation of various zoanthamine alkaloids
in the Indian, Pacific, and Atlantic Oceans
suggests that these widespread metabolites
may have an important function such as
antibiotic, anti-inflammatory,
antiosteoporotic and cytotoxic biological
activities. As synthetic targets, the
zoanthamine akaloids are a challenge to
current  synthetic methods and an
ingpiration for the creation of new
reactions. In the contemporary era, it is
common for newly isolated natural
products with interesting structures or
biological significance to succumb to total
synthesis within one to two years of their
isolation (Douglas et a., 2008)

Steroids

Cholesterol and clinoasterol are steroids
present in Gracilaria crassa and G.
coronopifolia respectively, as well as G.
longa and G. dura. Other steroids such as
3-beta-hydroxy-poriferast-5-en-7-one,  3-
beta-7-a pha-diol-poriferast-5-ENE and 5-
apha-poriferast-9 (11) -en-3-beta-ol are
isolated from G. dura; cholestane-3-p-5-
diol,5-0:24(S)-ethyl,  poriferastene 8,
poriferast-5-ene-3-B-7-p-diol and
poriferast-5-ene-3-B-7-a-diol were
identified in G. coronopifolia; G. longa
also has a various compounds like apha
linolenic acid, gamma linolenic acid,
glycolipids, 5-dehydro  avenasteroal,
fucosterol, myristic acid, desmosterol and
5-alpha-24(S)-ethyl-chol estane-3-beta-6-

beta-diol. Phytochemical studies of G.
andersoniana showed the following
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isolates. oleic acid, linoleic acid,
cholesterol, prostaglandin A2,
prostaglandin E2, leukotriene B4 and

phytol (Cynthiaet al., 2011)
Terpenoids

More than 600 secondary metabolites were
isolated from nearly 3600 seaweeds.
Among these, the diterpenoids constitute
the most abundant groups with profound
ecological and pharmacol ogical
significance (Manjusha et a., 2013).
Terpenoids are classified according to the
number of isoprenoid units (five carbon
subunits) incorporated. In Dictyotaceae,
the most bioactive products have three or
four isoprenoid units, corresponding to the
sesquiterpenes and diterpenes,
respectively. Diterpenes of the spatane and
seco-spatane types are known from
Spatoglossum (S. schmittii and S. howleii),
Stoechospermum  polypodioides  and
Rugul opteryx.

Soechospermum polypodioides is the only
species of the genus known in the Indian
Ocean. There are reports of antibiotic,
cytotoxic, antiherbivory, cell division
inhibition and HSV antiviral activities.
The sesguiterpenes are found in Padina,
Dictyopteris and Taonia. The genus
Dictyota contains diterpene as the major
metabolite present in al oceans. The
terpenoids from Dictyotaceae exhibit
bioactivities such as inhibition of
herbivores and antifungal, antibiotic, anti-
inflammatory, cytotoxic, insecticida and
antiviral activities (Joel et al, 2011).

The hal ogenated sesterterpenes,
neomangicols A-C, isolated from the
marine fungus Fusarium, offer a striking
example of the haogenation effect.
Neomangicol A and B show in vitro
cytotoxic effect toward the HCT-116
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human colon tumor cell line, while their
nonhalogenated analog neomangicol C
was shown to be inactive. Among all
marine macroalgae, red algae are the main
producers of halogenated compounds.
Laurencia (family Rhodomalaceae, order
Ceramides, class Rhodophyceae, phylum
Rhodophyta) is considered one of the most
prolific genera, being mainly found in
tropical, subtropical, and temperate coasta
waters. It has been intensively screened
over the last fifty years, although a variety
of new halogenated molecules are till
being reported. Characteristically, the
halogenation degree found in compounds
from Laurencia is relatively high.
Diterpenes sesquiterpenes, triterpenes, and
C15-acetogenins are the main secondary
compounds of this genus with which
antimicrobial, antifeedant, antihelmintic
and cytotoxic properties are generaly
associated (Mariaet al., 2010).

Phenolic compounds

Recently, much attention has been focused
on the micro algae, particularly Blue-green
aga (Cyanobacteria) as a source of
biologically active, novel compounds such
as phycobiline, phenols, (antioxidants)
terpenoids, steroids and polysaccharide.
However, the occurrence of phenolic
compounds in Blue-green alga
(Cyanobacteria) is less documented than
that in higher plants.

The several epidemiological studies
revealed that algal phenolic compounds
present in the diet are helpful in treating
coronary heart disease concern and
osteoporosis stroke and other degenerative
diseases. Furthermore, phenols have been
reported to exhibit pharmacological
properties such as anticarcinogenic,
antiviral, antibacterial, antifungal, anti-
inflammatory or antitumoral (Munawer
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and Mazharuddin, 2011). Sargassum
wightii have a high amount of phenolic
compound. Phenolic compound has the
good antimicrobia activity. The results
clearly shown that seaweed S. wightii is an
interesting source for biologically active
compounds that may be applied for
prophylaxis and therapy of bacterial fish
diseases and it should be used for
immunestimulation activity in aguaculture
(Rajasekar et al., 2013).

Polysaccharides

Seaweeds contain large amounts of
polysaccharides, particularly cell wall
structural  polysaccharides that are
extruded by the hydrocolloid industry:
alginate from brown seaweeds and agar
from red seaweeds. Other polysaccharides
are found in the cell wall: fucoidans (from
brown seaweeds), xylans (from certain red
and green seaweeds) and ulvans in green
seaweeds. Seaweeds also contain storage
polysaccharides, notably laminarin in
brown seaweeds and floridean starch in
red seaweeds. When faced with the human
intestinal  bacteria, most of these
polysaccharides (agars, carrageenans,
ulvans and fucoidans), are not digested by
humans and therefore can be regarded as
dietary fibers (Kolanjinathan et al., 2014).

Crude polysaccharide and proteins from
Himanthalia elongate and Cedium
tomentosum have shown reduction in
blood glucose  after intravenous
administration by 50% and 30%
respectively at 5mg /kg dose (Johnsi et a.,
2011). Govindasamy reported that
polysaccharides like compounds present in
the fraction of seaweed Gracilaria
corticata play an important role in the
defense against the pathogens and proved
the antimicrobial activity. Sulfated
polysaccharides obtained from G. corticata
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have proven antiviral activities against
many viruses (Govindasamy et a., 2012).

Fatty acids

Venkatesalu et al. investigated fatty acid
composition in Ulva lactuca, Caulerpa
chemnitzia, Padina tetrastromatica,
Sargassum  longifolium,  Acanthophora
gpicifera and Gelidium micropterum
collected from Mandapam coast. The
green algae shows interesting levels of
alpha linolenic acid. The red and brown
algae are particularly rich in fatty acids
with 20 carbon atoms. eicosapentanoic
acid and arachidonic acid. L. variegata
collected from the Southwest coast of
India showed seven fatty acids such as
palmitic acid (40%), lauric acid (17%),
stearic acid (7%), apha linolenic acid
(6%), oliec acid (6%) and trace amount of
myristic acid (5%) and hexadecatrienoic
acid (Aseer et a., 2012). The algal species
Chaetoceros dga is native to Chennai;
Tamil Nadu and was found in high
concentrations in the Chennai coastal area.

The fatty acid profile of these marine

microalgal oil indicated that
Pentadecanoic  acid  (17.56%), 1.
Nonadecenoic acid (20.1%), methyl
pamitate (2.91%), methyl linoleate

(12.07%), palmitic acid (1.97%) as major
fatty acids (Ananadhi and Shaleesha,
2012). Microalgae Skeletonema is a good
source of fatty acid derived antimicrobia
substances. In Chaetoceros  sp.
polysaccharides and fatty acids are the
major candidate molecules contributing to
antibacterial activity (Selvendran M.,
2013). These algae also produce important
bioactive metabolites like the primary
compound with antibiotic activity acrylic
acid, and the eicosanoids which are
derivatives C20 polyunsaturated fatty acid
(PUFA) metabolism through oxidative
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pathways that originate mainly from
arachidonic acid and eicosapentaenoic
acids, the precursors of prostaglandins
(PGs). Species such as G. asiatica and G.
lichenoids contain PGE2. PGF2 and 15-
keto-PGE2 were respectively isolated
from G. lichenoids and G. asiatica; G.
verrucosa contains PGA2 that appears to
be responsible for a gastrointestina
disorder, known as “ogonori” poisoning in
Japan (Cynthiaet al., 2011).

The present review showed that seaweeds
provide a rich source of structuraly
diverse secondary metabolites such as
terpenes, acetogenins, akaloids, steroids,
polysaccharides, fatty acids and
polyphenolics, with many of these
compounds being halogenated which
having antimicrobial activities. Marine
algae collected from Indian coast have
been shown to possess a number of
antimicrobial activities. This review shows
that the Indian coastline is a potentia
source of a variety of marine algae worthy
of further investigation.
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