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GENERAL REMARKS
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As part of the ongoing programme for
`Development of Potential Drugs from the
Ocean', by the Department of Ocean
Development (DOD), the taxonomic names of
the marine organisms collected and identified
are not mentioned in the thesis. Only the
mangrove plant

Salvadora persica

L.

studied in detail is given.

2.

All the animals used for various experiments
were from the animal house of the
Department of Pharmacology, Goa Medical
College, Goa.

3.

Petroleum ether refers to the fraction boiling
between the range 60 to 80 °C unless
otherwise mentioned.

4.

Silica gel used for column chromatography
was of 60 to 120 mesh size and activated
at 110°C for five hours before use.

5.

TLC was done on glass plates (20 X 20 cms)
coated with 0.25 mm layer of TLC grade
silica gel and activated at 110 °C for one hour
before use.

6.

Spectral data reported was mainly obtained
through the courtesy of RSIC, Lucknow. The
details regarding instruments are therefore not
given. These are duly acknowledged.

7.

The compounds were identified from a
comparison of their spectral data with those
of similar or identical compounds reported in
Molecular formulae of the

literature.

compounds were assigned on the basis of
molecular weight by EIMS.
8.
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PREAMBLE :

Mankind has known for at least several thousand
years that marine organisms contain substances
capable of potent biological activity (Halstead,
1965). Way back in the ancient period of the
Phoenicians in about 1600 B.C., marine molluscs
were being used to extract royal purple dye.
Besides, many kinds of medicinal plants have been
used as crude drugs in traditional Oriental
medicines and folk medicines for a long time in
Asia.

Marine natural products gradually lost their
applications during the Middle Ages, being limited
to fragrances and vitamins A and D from cod fish
oil. Even during the modern period, till the last four
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decades, synthetic organic products were given
more emphasis.

Most of the currently available therapeutic agents
have been developed either directly or indirectly
from naturally occuring molecules derived from
terrestrial plants or animals. However, the
abundant flora and fauna inhabiting the seventy
percent of the earth's surface covered by the ocean
waters remain relatively unexplored. The trend,
however, has changed in recent years. It's only in
the past three decades that a phenomenal
expansion in research activity has suggested that
the sea offers an enormous biomedical potential
yet to be harnessed by man. Globally, the race to
develop marine - derived drugs is well underway to
exploit the oceans rich biodiversity. The success of
natural products as drugs, and the fact that the
ethnological and biological resources from which
they originate remain under exploited, continues to
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provide a significant impetus to the drug discovery
processes.

With marine species comprising approximately a
half of the total global biodiversity, for which
estimates range between three million and five
hundred million different species (de Vries and
Hall, 1994), the marine world offers an enormous

resource for important, therapeutic bioactive novel
compounds. However, a large number of marine
natural products have failed to become drugs for
several reasons.

The important scientific reasons include the lack of
pharmacological understanding of the mechanisms
of action of the compounds and the other more
prosaic reasons include collection, identification
and biological evaluation. While the chemistry may
be novel, the claims of utility have often being
poorly substantiated (de Vries & Beart , 1995).

4

Two basic, albeit, complementary approaches
comprise the methodologies of drug discovery ;
(i)

Which involves the exploration directed
towards the comprehension of basic
biological mechanisms and the rational
design of novel therapeutic agents and

(ii)

the rational

pursuit of serendipitous

discoveries and mass screening
compounds of varying origins and
chemical structures.

Less attention has been paid to screen the marine
natural products in a multi-dimensional way, though
the literature review of Faulkner (1984, 1986,
1987, 1988, 1990, 1991, 1992, 1993 and 1994)
indicates that out of a large number of novel marine
natural products, only a few have received
adequate attention with respect to specific activity.

5

There is a lot of scope to obtain new leads which
can be appropriately incorporated into the
molecules to obtain potent synthetic products with
targeted features.

Research on marine natural products began with
the discovery of marine toxins (Halstead, 1965,
Beress, 1982 and Shimidzu, 1982), which led to

the discovery of a variety of potential
pharmacologically active compounds such as
cardiotonic peptides from sea anemones (Kaul,
1982) Saxitoxin and Tetrodotoxin
,1979,

Shimidzu., 1982 and

(Hashimoto

Narahashi., 1986)

which are helpful tools to study excitable
membranes because of their potent and specific
action on the sodium channel (Narahashi , 1986),
and Palytoxin the more potent non-protein toxin
(Moore and Bartolini., 1981).
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However, the isolation of new chemical compounds
along with their biological activity is limited. Most
earlier reports either describe the chemical
structure of the isolated substance or the biological
activity of the crude extract (Baslow, 1969).

As more research work has been carried out,
sophisticated approaches have now been made
towards the biosynthetic aspects of the
metabolisms of marine organisms (Djerassi et al.,
1977 and 1979), appraising the possible role that
the compounds serve in the organism and
investigating the ecological parameters that provide
the evolutionary rationale for the existence of many
biologically active substances
Buss, 1975).

(Jackson and

Marine natural products have attracted the
attention of biologist and chemist world over for the
last four decades. To date approximately 6500
natural products have been isolated from marine
organisms (Bhakuni , 1997).

In India, a serious effort for exploration of marine
flora and fauna was made only in the last 18-20
years to search new pharmaceutical entities.

Over the last few years, a National Project on
'Development of Potential Drugs from the Ocean',
funded by the Department of Ocean Development
(DOD), Government of India, New Delhi, is
underway at ten organizations - both National
Laboratories and Universities.

Amongst these, the Department of Pharmacology,
Goa Medical College (GMC) and the National

8

Institute of Oceanography (N10) , are active
participants. This joint effort of National Institute of
Oceanography and Department of Pharmacology,

GMC, has resulted in broad based biological
screening of marine samples for bioactive
substances, from the east and west coasts of India,
including the Lakshadweep and Andaman &
Nicobar Islands. (Naqvi et al .,1980; Kamat et al
.,1981; Naik

et al., 1989; Kamat

Bhakuni , 1991; Bhakuni

et al., 1991;

et al., 1992; Dhawan

et al., 1993; and Nazarine et al., 1998).

Several samples have been found to possess
promising pharmacological activities like
anticarcinogenic, antiviral, antifertility, hypotensive
and Central Nervous System ( CNS ) stimulant
apart from others (Siddhanta et al., 1997).

9

HISTORICAL, BACKGROUND:

Pharmacologically active substances in the marine
environment in recent decades were first
described by Emerson and Taft, (1945). The
subsequent reviews and monographs have dealt
mostly with the pharmacology and toxicity of crude
and semi-purified extracts of marine organisms

(Baslow , 1969) and later reviews describe the
pharmacology of some of the pure compounds of
marine origin (Kaul and Sindermann , 1978).

Marine fauna have shown a large number of
pharmacological activities. Bergmann's pioneer
discovery of spongouridin (1955) which was
followed by the synthesis of Ara-C or Cytarabine
isolated from the gorgonian EuniceIla cavolini a
widely used anti cancer drug, led to a tremendous
amount of research for potential anti-cancer agents

(Munro, et al., 1987) Preliminary investigations
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have demonstrated the high incidence of anti-tumor
activity in a number of marine invertebrates
extracts (Pettit et al, 1970, Ruggieri ,1976 and

Suffues , 1982).

Didemnum B isolated from the tunicate

Trididemnum solidum was found to have antineoplastic, anti-viral activities and displays
remarkable immuno-suppressive activity. It is about
thousand times as potent as Cyclosporin A in
inhibiting T-cell mutagenesis and has been chosen
for clinical trials as an anti-tumor agent (Rinehart

et al., 1988). Bryostatin 1 from the bryozoan,
Bugula neritina was originally described on the
basis of inhibiting growth in murine

P388

lymphocytic lukemia cells at sub nanomolar
concentrations and were subsequently ascribed a
range of properties including activation of T- cells,
immunomodulation and stimulation of
haematopoietic progenitor cells (Schaufelberger
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et al., 1991). However, only after several years of
their discovery was the molecular site of action of
these compounds identified. Didemnum B acts at
the GTP-binding protein elongation factor a
(Crews et aL, 1994) while Bryostatin 1 binds to

protein kinase C isozyme with higher affinity (de
Vries et al., 1988) and are expected to culminate

into novel anti-cancer drugs.

Demosponges are the most common marine
organisms that are being studied as they are rich in
unusual secondary metabolites and are often easy
to collect. Anti-tumor and anti-viral compounds
occur in marine demosponges

(Mallik

,1997)

Several anti-neoplastic agents have been
described from Palythoa liscia (Pettit and Rijii ,
1982). Athelia glauca yielded two potent anticancer steriods( Higa

et al., 1981). A gorgonian

from the Mediterranean Leptogorgia sarmentosa
has yielded a steriod which is also a metabolite

12
from the plant Commiphora mukul (Benvegnu et
al., 1982). New cytotoxic-steroids- Stoloniferone A,B,C and D have been reported from the soft coral
Clavularia viridis (Kobayashi et al., 1984).

Anthopleurin-A

isolated

from

Anthopleura

xanthogramminae (Brandt) produced a strong
positive inotropic effect in various animal species
without any effect on heart beat , blood pressure or
Na+ -WATPase. The cardiotonic effect is
unaffected by pretreatment with reserpine or alpha
and 1i - adrenergic blockers (Shibata et al., 1976).
An anti-inflammatory agent Flexibilida has been
isolated from the soft coral
(Norton

and Kaziauskas,

Sinularia flexibis
1980). Dendalone

from the sponge Phyllospongia dendyi was also
found to be an orally effective anti-inflammatory
agent (Buckle, et al., 1980). The isolation of nonmammalian type PGA

2 a

and methyl ester acetate

of PGA2a, in high yield from the Carribean
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gorgonian, Plexaura homomalla, stimulated a world
wide survey of prostaglandis in marine organisms.
(Bhakuni,

1997) Several prostanoids have now

been isolated from marine organisms Euplexaura
erecta and Lobophyton depressum (Carmely et al.,

1980).

A metabolite from the marine mollusc

Diaulula

sandiegenesis caused hypotension, bradycardia

and relaxation of smooth muscles (Fuhrman et aL,
1981). Many active nucleosides have been
reported from different sponges. They are
adenosine from isopropyl alcoholic extract of
Tethyag aurantia with negative inotropic and

chronotropic effects on guinea-pig atria (Weber et
al., 1981).

Erickson and Wells (1982) reported the isolation
of an anti hypertensive principle from Dysidea
herbacea. A nucleoside from Tedania digitata was
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reported to have muscle relaxant and hypotensive
properties on oral administration in mice and rats. It
also caused bradycardia and stimulated adenylate
cyclase.

Aaptamine from Aaptos aaptos showed alpha
adrenoceptor blocking properties (Nakamura et al.,
1982), while a nucleocide Karamadine, from
Agelas sp. was reported to have 5-HT antagonist
property (Nakamura et al., 1984).

Mcaffery (1983) reported the biological activity of
the crude extract of Haliclona sp. it was to found to
cause ptosis in mice, produce positive inotropic
effect on guinea-pig atrium and cause contraction
of rat uterus.

Sevcik and Barboja (1983) found that fractions
from

Tedania ignis

blocked the release of

acetylcholine at neuromuscular junction. A number
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of steroids from sponges like Halichondria moorei;
Taxadocia zumi and Plakina sp. have been isolated
and reported to posses antimicrobial (Fusetani et
al., 1981) and antifungal activities (Rosser

and

Faulkner , 1984).

Schmitz et al., (1981) reported the isolation of

some fatty acids and Acanthifolicin having strong
cytotoxic & antibiotic properties from Pandaros
acanthifolium.

Extracts of holothurians are known to be highly
toxic. They also possess cytotoxic, antimicrobial,
antifungal & neurotoxic properties. Holothurians
possess potent hemolytic action blockable by
cholesterol

(Ivanova

et al.,

1984 & 1985).

Holothurians in general appear to possess potent
cardiotoxicity as observed on the isolated guineapig heart.

16

The blood of the horse-shoe crab,

Limulus

polyphemus suffering from an infection, would clot,
led to the discovery that an extract of this Limulus
amoebocyte lysate (LAL), would clot in the
presence of a small quantity of bacterial endotoxins
(Mallik , 1997). LAL has to a large extent been

able to replace the previous in vivo assay that uses
rabbits.

Okadoic acid has come a long way to become a
tool for the study of molecular mechanism. It was
isolated from Halichondria okadai (Mallik , 1997)
and H. melanodocia & has exhibited extraordinary
antitumor properties. Antiviral drug Ara-A
(vidabarine) antileukemic drug Ara-C were first
reported in early 50's. Nucleosides containing the
sugar moiety arabinose were isolated from the
Carribean sponge Cryptotethia crypta ( Kaul &
Daftari, 1986).
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Large numbers of marine plants have been
examined for bioactive substances.

Halstead

(1965) reported the antifungal and CNS activity of
Flavobacterium piscicida. . Cephalothin possesing
antibiotic activity (against gram +ve and -ve
bacteria)_ has been isolated from the fungus
Cephalosporium acremonium (Abraham , 1962).

Laminarin isolated from Laminarian sp. has shown
to have anticoagulant activity (Dewar, 1955). A
golden algae Prymnesium parvum has yielded
Prymnesin possessing hemolytic, neuromusclular
blocking, cytolytic and antispasmodic activities
(Parnas,

1963). Kainic acid isolated from the

Corsican red algae, Dignea simplex (Murakami et
al., 1955) has a long history of being used as an
antihelminthic and this effect was traced to its
active principles (Shinozaki, 1978). The toxicology
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of Kainic acid is understudy, though the crude drug
is still in use.

Several other useful compounds have been
obtained from algae, such as Domoic acid from the
red algae, Chondria armata having antihelminthic
property.

Lamine, a hypotensive agent, Alginic acid (from
Fucus sp & Macrocystis sp) and Carrageenin (from
the Irish moss, Chondrus crispus) have antiviral,
antiulcer, anticoagulant and antigenic activities.

A nucleoside from the red algae Hypnea valentiae
was found to be a muscle relaxant (Davies et al.,
1984) .

Several active molecules, many of which are
brominated compounds have been isolated from
green, brown and red algae (Baslow, 1969).
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Many other antiviral, antifungal, antimicrobiological,
CNS acting, neuromuscular blocking substances
and those affecting cardiovascular and autonomic
nervous systems have been isolated from marine
bacteria and fungi (Marderosian , 1968). The leaf
and fruit extract from Acanthus ilicifolius was
utilised for dressing wounds. The plant contained
some bioactive compounds which act as
antiseptics. The extract from the leaves of
Bruguiera gymnorhiza was observed to be effective
in reducing blood pressure. The latex of the
mangrove plant

Exoeceria agallocha showed

antimicrobial activity (Duke, 1992). Carotene,
which is a constituent of many plants and animals
has a rich source in the unicellular marine green
algae Dunaliella salina (Mallik, 1997).
The perusal of literature would indicate that earlier
studies on marine pharmacology dealt mainly with
activities

such

as

antiviral,

antifungals,

20
antibacterials, etc.(Table I). On a comparison with
terrestrial plants, it has been seen that marine
organisms have shown much higher percentage of
biological activity, thus producing much more
useful molecules than terrestrial plants (Table II).

TABLE - I

The percentage of marine natural products
having therapeutic efficacy, after Mallik, 1997.

Bioactivity

Percentage %

Antitumour

46

Antiviral

20

Antibacterial

08

Antifungal

07

Immunoregulatory

04

Antihelminthic

03

Anti-inflammatory/Analgesic

05

Others

07

Source : Ocean Drugs Alert, (Mallik, 1997).

I
TABLE Comparative percentage of biological activity
of marine organisms and terrestrial plants.

MARINE

ACTIVITY

TERRESTRIAL

ORGANISMS

PLANTS

3.11

0.36

0

0.50

Antiviral

5.11

1.36

Cardiovascular

3.11

2.73

CNS Depressant

2.00

2.63

CNS Stimulant

6.44

0

Diuretic

6.67

1.50

Hypoglycaemic

2.20

0.50

Oxytocic

0.20

0.67

Spasmogenic

2.0

0

Spasmolytic

0.67

1.97

Toxic

2.67

n

Others

0

8.87

Total

34.0

21.0

Antiimplantation
Antimicrobial

v

Source : Data collected from DOD Project,
"Development of Potential Drugs
from the Ocean" , 1990.
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IMPORTANCE OF THE INVESTIGATIONS:

For the present study , 55 marine organisms
belonging to flora and fauna, were screened on the
isolated guinea pig ileum, uterus and atrium for
various pharmacological activities. From these,
five crude extracts showing promising
pharmacological activities were fractionated and
only one fraction of the mangrove plant,

persica

Salvadora

showed the same consistent

anticholinergic activity as the

crude extract.

Hence, this species was taken up for a more
detailed study , to localise this anticholinergic
activity at the receptor level .

Mangroves or tidal wetlands, are a group of seed
plants closely associated with the intertidal marine
environment, only partly submerged. They occur in
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muddy tidal waters throughout most of the tropical
world and into subtropical latitudes in some areas,
depending upon ocean currents and the presence
of favourable temperatures. Mangrove plants
characteristically grow in estauries. In Goa,
mangrove plants are found especially in areas like
Tiracol, Chapora, Vagator, Baga, Chorao,
Ribander, Zuari and right upto Palolem in the South
of Goa.

Most people view mangroves with disdain, but
research studies have shown that mangroves are a
valuable source of plant and animal material.

The mangrove plant

Salvadora persica Linn,

1753, belonging to the order Salvadoracea and
family Salvadoraceae, is a small glabrous, much
branched evergreen shrub or small tree with soft
whitish yellow wood (fig.1). The leaves are ovate or
oblong, somewhat fleshy and glaucous, and

FI G. 1. THE MANGROVE PLANT
SALVADORA PERSICA
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flowers are greenish yellow (fig. 2). in axillary and
terminal compound. The berries have a strong
aromatic smell and taste much like garden cresses.
The leaves are often eaten as salad as they have a
peculiar pungent flavour. The root bark is extremely
acrid and used as a vescicant by natives. The fruit
is used in medicine. The tree is supposed to be the
Mustard tree of Scripture, as, as a stimulant it
promises to be a medicine possessed by very
considerable powers (Roxburg, 1832, Hooker,
1880 and Cooke , 1905).

Literature survey from 1978 to 1997 failed to reveal
any previous work on this mangrove species, so it
was chosen to study in detail as it showed the most
consistent anticholinergic activity amongst all other
extracts stpdied. This species was common and
abundantly available.

FIG. 2. SALVADORA PERSICA - A TWIG
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This mangrove plant was fractionated and the
active fraction was taken up for isolation to obtain
five compounds. All these compounds were tested
on guinea-pig ileum and the one, that is,
palmitate

methyl

showing maximum anticholinergic

activity was studied in detail on other isolated
tissues, such as, atrium, ileum and bladder of the
guinea pig, as well as in vivo experiments on rats
to localise the anticholinergic activity on the
muscarinic receptors . The results are discussed in
the light of earlier information available on marine
pharmacological activities .

25

The details of material and methods are covered
under the following subheadings:

2.1) Collection of marine organisms
2.1.1) Collection sites
2.1.2) Identification of the specimens

2.2) Preparation of crude extracts
2.2.1) Processing
2.2.2) Extraction

2.3) Pharmacological testing of crude extracts
2.3.1) Standard drugs used
2.3.2) Physiological solutions
2.3.3) Guinea pig atria.
2.3.4) Guinea pig ileum
2.3.5) Guinea pig uterus

2.4) Fractionation of active crude extracts
2.5) Column chromatography for isolation of pure
compounds
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2.6) Identification of compounds by spectroscopy
2.6.1)

1 HNMR

2.6.2)

13CNMR

2.6.3) DEPT
2.6.4) EIMS

2.7) Study of the compounds
2.7.1) In vitro experiments on Guinea-pig
ileum

2.8) Study of active compound

In vitro:
2.8.1) Guinea pig bladder detrusor muscle
2.8.2) Guinea pig ileum
2.8.3) Guinea pig atrial muscle

In vivo :
2.8.4) Gastric secretions in rats
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2.1) COLLECTION OF MARINE ORGANISMS .

Marine organisms both flora and fauna form one of the
major living resources of the ocean. India with its vast
coastline of 12,700 Km and group of islands harbour
several marine organisms. For the proposed study,
representatives of marine organisms from East & West
Coast of India were studied.

Marine species such as algae, mangroves, sponges,
soft corals etc. were collected during low tide from the
coastal and intertidal regions at different localities
(visually unpolluted and undisturbed areas). The
samples were either handpicked or by SCUBA diving.

2.1.1) COLLECTION SITES :

Around 55 marine organisms were collected from
Goa, Gujarat, Karwar, Mandapam, Malvan,
Naggapattinam, Ratnagiri and the Lakshadweep
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islands(Fig.3) from 1995 to 1997. Table IIl.gives the
marine organisms collected, locality of collection
and the extract used. The location for the collection
of the mangrove plant
Salvadora persica L from the coast of Goa,(Fig.4)
was along Ribandar, near the mouth of the Mandovi
estuary, upstream. This species is ubiquitous to the
coastal areas of Goa and was collected manually
from the intertidal banks. Two repeat collections
were done.

2.1.2) IDENTIFICATION OF SPECIMENS :
The 55 marine organisms collected from the coasts
of India, were identified at the Marine Taxonomic
Division, National Institute of Oceanography, Goa.
They were soft corals (41.8%), algae (20%),
gorgonians (12.7%), mangroves (7.3%), sponges
(5.45%), gastropods (3.64%), polychaete worm
(3.64%), sea anemone (1.82%), seagrass (1.82%)
and starfish (1.82%).
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FIG. 3. PLACES OF
COLLECTION OF
MARINE ORGANISMS

TABLE - III

List Of Marine Organisms screened , place of
Collection and extract used.

MARINE
ORGANISMS

LOCATION

EXTRACT

Algae (flora)

Malvan

Me0H

Algae (flora)

Malvan

Me0H

Algae (flora)

Malvan

Me0H

Algae (flora)

Ratnagiri

Me0H

Algae (flora)

Karwar

Me0H

Algae (flora)

Goa

Me0H

Algae (flora)

Malvan

Me0H

Algae (flora)

Ratnagiri

Me0H

Algae (flora)

Ratnagiri

Me0H

Algae (flora)

Mandapam

Me0H

Algae (flora)

Tuticorin

Me0H

Gastropod (fauna)

Mandapam

Me0H

Gastropod (fauna)

Ratnagiri

Me0H

Giant starfish (fauna)

Lakshadweep

Me0H

Gorgonian (fauna)

Karwar

Me0H

Gorgonian (fauna)

Dwarka

Me0H

Gorgonian (fauna)

Malvan

Me0H

Gorgonian (fauna)

Malvan

Me0H

Gorgonian (fauna)

Ratnagiri

Me0H

Gorgonian (fauna)

Ratnagiri

Me0H

Gorgonian (fauna)

Ratnagiri

Me0H

Mangrove (flora)

Okha

Me0H

Mangrove (flora)

Goa

Me0H

Mangrove Salvadora

Goa

Me0H

Mangrove (flora)

Nagappattinam

Me0H

Polychaete worm

Dwarka

Me0H

persica L. (flora)

(fauna)

Karwar

Me0H

Sea anemone (fauna)

Lakshadweep

Me0H

Soft coral (fauna)

Lakshadweep

Me0 H

Soft coral (fauna)

Lakshadweep

Me0 H

Soft coral (fauna)

Dwarka

Me0H

Soft coral (fauna)

Lakshadweep

Me0 H

Soft coral (fauna)

Okha

Me0H

Soft coral (fauna)

Dwarka

Me0H

Soft coral (fauna)

Mandapam

Me0H

Soft coral (fauna)

Mandapam

Me0H

Soft coral (fauna)

Mandapam

Me0H

Soft coral (fauna)

Mandapam

Me0H

Soft coral (fauna)

Lakshadweep

Me0H

Soft coral (fauna)

Lakshadweep

Me0H

Soft coral (fauna)

Lakshadweep

Me0H

Soft coral (fauna)

Lakshadweep

Me0 I-I

Soft coral (fauna)

Lakshadweep

Me0H

Polychaete worm
(fauna)

Soft coral (fauna)

Lakshadweep

Me0H

Soft coral (fauna)

Lakshadweep

Me0H

Soft coral (fauna)

Lakshadweep

Me0H

Soft coral (fauna)

Lakshadweep

Me0H

Soft coral (fauna)

Lakshadweep

Me0H

Soft coral (fauna)

Lakshadweep

Me0H

Soft coral (fauna)

Lakshadweep

Me0H

Soft coral (fauna)

Lakshadweep

Me0H

Seagrass (flora)

Tuticorin

Me0H

Sponge (fauna)

Mandapam

Me0H

Sponge (fauna)

Mandapam

Me0H

Sponge (fauna)

Mandapam

Me0H

1

FIG. 4. PLACE OF
COLLECTION OF THE
MANGROVE PLANT
Salvadora persica L.
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2.2) PREPARATION OF CRUDE EXTRACTS: :

2.2.1) Processing :

The collected flora-algae, seagrass and mangroves
- were washed clean first with seawater. Afterwards
the undesired materials were sifted out while
washing with tapwater to get rid of the salts. Then
the specimens were air dried (Bhakuni et al, 1969).
After drying the plant material was cut into small
pieces and immersed in 90% aqueous methanol for
a week for extraction.

The fauna used for the study were freed of any
debris attached and washed with seawater. The
faunal organisms were then immediately immersed
in 90% aqueous methanol. Care was taken that
these were properly soaked/dipped in the solvent so
as to check putrefaction.
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2.2.2) Extraction :

Since the project is on the investigation of bioactive
compounds, the extractions were carried out by cold
percolation method at room temperature and by
solvent evaporation at a water bath (temperature 50
° C)

under reduced pressure. This helps in protection

of any heat labile metabolite present in it. Reextraction was done twice until the extract was
concentrated under vacuum to obtain the crude
extract.

Each crude extract obtained was then tested for
pharmacological activities on isolated tissues of the
guinea pig, such as atrium, ileum and uterus.

2.3) PHARMACOLOGICAL TESTING:
Animals from the animal house of the Department of
Pharmacology, Goa Medical College, Goa, were
used for the pharmacological studies.
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The guinea-pig was used as the experimental
model. Female, virgin, guinea pigs weighing around
300 to 350 g , housed under uniform husbandary
conditions (temperature 25 +1- 1 °C) were used in
this study. The animals were starved 24 hours prior
to the experiment, to prevent mucus formation in the
ileum. Only water was provided ad libitum.

The isolated guinea pig ileum was selected as a
source of receptor material as done earlier (Ghosh,
1984) as it contained more receptors than other
regions of the tract. It was used to study the
antispasmodic , anticholinergic, antihistaminic,
antiserotogenic and antinicotinic activities.

In terms of relative uterine sensitivity guinea pig
uterus emerged as the best model for evaluating
oxytocic and tocolytic activity ( Mehrotra et al.,
1985).
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The atrium was used to study the antiarrhythmic
activity and any positive inotropic action on the
heart.

2.3.1) STANDARD DRUGS USED :

i)

On ileum :

a) Histamine acid phosphate (Blenkinsop & Co Ltd)
acts on H 1 receptors and causes contractions of
isolated guinea pig ileum.

b) Acetylcholine chloride (Hopkin & Williams Ltd)
causes smooth muscle contraction on

M3

receptor, on heart mediated by M2 receptors and
pupil dilatation by M 1 receptor.

c) 5-Hydroxytryptamine creatinine sulphate (Sigma
Chemicals Co) acts on parasympathetic
terminals in gastrointestinal tract by 5HT 3 (M-
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receptors) and 5HT2A (D-receptors) on guinea
pig ileum

d)

Barium chloride (Apex Chemicals) causes
smooth muscle contraction.

e) Nicotine sulphate (BDH Chemicals) produces
contraction of intestine and is a ganglionic
stimulant.

ii)

On uterus :
a) Oxytocin (Parke Davis India Ltd) a uterine
stimulant is used in induction of labour and
post partum haemorrhage.

b) Prostodin - PGF2,,, (Astra IDL Ltd) is used to
prevent premature childbirth.

All other reagents used in the present study
were of analytical grade.
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2.3.2) PHYSIOLOGICAL SOLUTIONS USED :

The pH of the various commonly used
physiological salt solutions varies between 7.3
& 7.4. At lower pH the tonus of the
preparation tends to decrease and is therefore
liable to alter the effect of drugs. In order to
get consistent effects it is important to
maintain the temperature of the bath solution
at a specified level, because if the
temperature is decreased below 37°C, the
tonus of the intestine is increased, the
contractions becomes smaller and the
contraction and relaxation times increased. Air
or oxygen is needed for proper functioning of
the tissues. Besdies providing oxygen to the
tissues, the stream of gas bubbles also stirred
the bath solution thereby faci \ltating diffusion
of drugs added to the bath. The solution in the
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bath should be changed frequently because
prolonged aeration tends to alter the pH.

Ringer-Locke solution was used on guinea-pig
atria (Table IV). Tyrode was used on guineapig ileum (Table V) and de Jalon's solution
was used on guinea-pig uterus (Table VI). The
salt solutions contain the mixture of cations,
anions and glucose in distilled water.
All physiological solutions were prepared fresh

at the time of the experiment.

TABLE- IV

RINGER-LOCKE SOLUTION

Glucose

0.5 g

Sodium chloride

9.0 g

Sodium bicarbonate

0.5 g

Potassium chloride

0.42g

Calcium chloride

0.24g

All were dissolved in 1000 ml distilled water.

TABLE - V

TYRODE SOLUTION

Glucose

1.0 g

Sodium chloride

8.0 g

Sodium bicarbonate

1.0 g

Potassium chloride

0.2 g

Calcium chloride

0.2 g

Magnesium chloride

0.1 g

Sodium

0.05g

hydrogen

phosphate

All were dissolved in 1000 ml distilled water.

TABLE - VI

de JALON'S SOLUTION
Glucose

0.5 g

Sodium chloride

9.0 g

Sodium bicarbonate

0.5 g

Potassium chloride

0.42g

Calcium chloride

0.06g

All were dissolved in 1000 ml distilled water.
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2.3.3) IN VITRO EXPERIMENTS
ISOLATED GUINEA PIG ATRIA :

A healthy guinea pig was killed by stunning and the
thorax was quickly opened, cutting the sternocostal
junctions. The heart was seen behind the sternum,
beating in its pericardial covering. It was nicked off
and placed in a petridish containing Ringer-Locke
solution aerated with pure oxygen. It was gently
squeezed to remove blood from the cavities of the
atria and the ventricles and to prevent clotting of
blood inside the coronary arteries. All other tissue
was cut away until nothing was left except the
auricles which appeared as a pair of rapidly beating
pale pink leafy structures. Threads were tied one to
the tip of each auricle (Perry,1970). The right atrium
having the pacemaker was tied to the glass oxygen
tube and mounted in an organ bath of capacity 40
ml containing Ringer- Locke solution at 34 °C and
oxygenated (Dawes, 1946) The thread at the other
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end of the left auricle was fixed to the transducer
(Force transducer T-305) which was connected to a
Biodevices Physiograph (Fig.5).

The sensitivity on the Physiograph was adjusted
according to the heart beat. The auricles were fixed
in a pair of stimulating electrodes, kept vertically
immersed inside the bath. The auricles were
allowed to equilibrate for a period of 30 minutes.
The electrode was connected to a stimulator
(Medicare Research Stimulator SS44) at a duration
of 5x1 misec and 5x0.1 misec delay kept constant.
Initially the voltage and frequency were minimum.
Then the voltage was gradually increased till there
was a change in amplitude. Then the frequency was
increased/adjusted to get arrhythmias. Two
readings were taken to get the normal heart beats.
Doses of extract / fraction were given as
concentrations of the salt per ml of bath solution
and allowed to remain in contact with the auricles

FIG. 5. EXPERIMENTAL SET UP FOR
IN VITRO F, CREENING ON

GUINEA PIG ATRIUM
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for 10 minutes. After every alternate minute, the
physiograph was run to see if there was any change
in heart rate. After 10 minutes the auricles were
stimulated twice for arrhythmias. The antiarrhythmic
effect of each dose i.e. 3 and 10 lig / ml was
calculated by the formula :

% change = X - Y X 100
X
Where
X=

Maximum frequency before the extract

Y=

Maximum frequency after the extract

If there was a 20% or more inhibition, then the
extract had anti-arrhythmic activity.

2.3.4) GUINEA-PIG ILEUM :
The guinea-pig was sacrificed by stunning with a
sharp blow on its head. The abdomen was quickly
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cut open. Towards the lower end of the abdomen
was the greenish sac-like caecum. The small
intestine was marked by a localised thickening in
the wall - a Peyer's patch of lymphoid tissue. The
lowermost 10 cm of ileum nearest to the ileocaecal
junction was discarded because of the presence of
excitatory L-adrenoceptors (Munro, 1953). From
there, about 10 cm of ileal tissue was cut off and
freed of mesentery and placed in a petridish
containing warm Tyrode solution. The lumen of the
ileum was gently rinsed out using a hypodermic
syringe filled with Tyrode solution and the tissue
should be perfectly clean because accumulation of
mucus in the lumen sets off spontaneous
contractions. (Sheth et al, 1972). The ileum was
cut into small segments of about 3-4 cms in length
in the fully relaxed state. The lower end was sutured
to a tissue holder, by making a loop first to avoid
direct contact with the tube. The tissue was
positioned in an organ bath of capacity 10 ml
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containing Tyrode solution aerated with air at 37°
C. The thread of the upper end of the ileum was
fixed to the lever of a force transducer ( FT 03)
which measures muscle contractions isometrically
and connected to an Grass Polygraph (Model 7).
The Heal tissue was kept to equilibrate in Tyrode
solution for 30 minutes to stabilise and the fluid in
the organ bath was renewed every 10 mins (as pH
changes) (Fig.6).

Two to four doses of spasmogens (acetylcholine,
histamine, 5 hydroxytryptamine , barium chloride
and nicotine) were added to the bath to obtain
uniform amplitude with a contact period of 30
seconds. (Black et al, 1972), of contraction which
was recorded on the polygraph. The aqueous
solutions of the extracts and fractions were added 1
min before the addition of the spasmogens. Effect of
graded doses of the extracts (50 x 250 p.g / ml) on
the spasmogen- induced contraction was seen and

FIG. 6. EXPERIMENTAL SET UP FOR
IN VITRO SCREENING ON

GUINEA PIG ILEUM

UTERUS
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percent reduction of contraction

measured as

follows:

% inhibition = X - Y

X 100

X
Where
X=

Y=

Height of Standard contraction (mm)
Height of Standard contraction in the
presence of the extract (mm) .

2.3.5 ISOLATED GUINEA-PIG UTERUS :

The bicornuate uterus was dissected out and freed
of fat tissue. One horn was cut-off and kept in a
shallow dish containing the physiological solution de Jalon's fluid- which was previously aerated with
air. Air was prefered to oxygen as the tissue was
thin and saturation was faster. The two ends were
sutured. The lower end of the uterine strip was tied
to a tissue holder and suspended in an organ bath
of 10 ml capacity and the upper end being more
sensitive, to the lever of the the force transducer
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(FT 03) connected to a Grass Polygraph (Model 7)
(Fig.6). It was left to stabilize for 30 mins, renewing
the physiological solution in the bath every 10 mins
(Mehrotra, 1985). The response of the uterus to
different doses of the extract (50 & 250 jig / ml)
against standard uterine stimulants like oxytocin
and PGF2a with a contact period of 60 seconds
(was recorded on the polygraph) The tocolytic effect
was evaluated by the formula :

% Inhibition = X - Y
X

100

X

Where
X=

Height of standard contraction (mm)

Y=

Height of standard contraction in presence of
the extract (mm)
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2.4) FRACTIONATION OF ACTIVE CRUDE
EXTRACTS :

Only the crude extracts that showed promising
pharmacological activity, were fractionated using
distilled solvents of increasing polarity. From the 55
crude extracts, 5 were selected for fractionation.
The crude extract was partitioned into petroleum
ether, chloroform, n-butanol and aqueous fractions
in the usual manner using a separating funnel .
Petroleum ether was added to the extract in the
separating funnel and separated out. Next,
chloroform was added to the residue, mixed well
and the lower layer separated. To the residue
butanol was added and the top layer represented
the butanol fraction and lower layer the aqueous
fraction. Extraction of each fraction was done thrice
and whenever there was emulsion sodium chloride
was added for breaking the emulsion. Sodium
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sulphate was added to chloroform and butanol
fractions to remove traces of water before
concentration.

All the fractions were concentrated in the same
manner as the crude extract. These fractions were
tested for the same pharamacological activity as the
parent crude extract.

2.5) COLUMN CHROMATOGRAPHY FOR
ISOLATION OF ACTIVE PRINCIPLES :

Isolation of pure compounds generally involves
repeated column chromatography and thin layer
chromatography of the eluents.(Davies , 1976).
Adsorption chromatography is the most widely used
method for the isolation and purification of organic
molecules. In cases where purification by this
method is difficult HPLC is used.
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In the present work, the active chloroform fraction of
the mangrove plant S. persica , was column
chromatographed over silica gel for the isolation of
the active constituent. Eluats from the column with
the same TLC profile were mixed and subjected to
pharmacological testing. The active subfractions
were further chromatographed till active pure
compounds were obtained (Flow chart I). Spots on
thin layer chromatography (TLC) were visualised
either by using iodine vapours or spraying with
methanolic sulphuric acid.

TLC was done on glass plates (20 X 20 cms)
coated with a 0.25mm layer of TLC grade silica gel
(Qualigens) activated at 110 ° C for 1 hour before
use.

The active aqueous fraction was passed through
XAD-column and eluents were treated, as

46
mentioned above, for the isolation and purification
of active constituent metabolites.

2.6) IDENTIFICATION OF THE COMPOUNDS :

The five compounds were identified on the basis of
spectral data obtained at the Regional Sophisticated
Instrumentation Centre ( RSIC), CDRI, Lucknow,
by the following spectra :

i HNMR

for determining the proton environment of

the molecule carried out on Bruker DPX-200 MHz.

13

CNMR for carbon atoms Bruker DPV 300 MHz.

DEPT for nature of carbon atoms.

Mass spectra (EIMS) electron

impact Mass

spectrometry for determining the molecular weights
along with its fragmentation pattern were carried out
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on Mass spectrometer (E1/CIMS) Model D.300
JEOL, Japan.
The compounds were identified from a comparison
of their spectral data with those of similar
compounds reported in literature (Stork et al , 1971
and Shriver & Curtin, 1980).

2.7) STUDY OF THE ISOLATED COMPOUNDS.
In vitro experiments :
Since the active fractions were isolated for
anticholinergic activity, the five compounds isolated
were tested only on isolated guinea-pig ileum.

2.7.1) GUINEA-PIG ILEUM :
The longitudinal ileal muscle from a freshly killed
guinea-pig was suspended in an organ bath of 10
ml capacity, filled with Tyrode solution and aerated
with air. The method is described earlier in section
2.3.4.
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Two to four doses of the standard drug
acetylcholine were added to the bath to obtained
uniform amplitude with a contact period of 30
seconds, the contractions of which were recorded
on a polygraph. The five compounds isolated were
tested in doses of 196 and 392 X 10 -6 moles per ml
of bath concentration.
The effect of the compounds against acetylcholine induced contraction was seen and the percentage
reduction of contraction measured.

2.8) STUDY OF ACTIVE COMPOUNDS :
In Vitro experiments.
Since only one compound (D) was showing
maximum anticholinergic activity it was further
tested on various isolated tissues of the guinea-pig,
as well as in vivo experiments on the rat.
Acetylcholine was used as the standard muscarinic
drug, while atropine was used as the standard

49
antagonist. Stock solutions of both these standard
drugs were prepared and then serially diluted in
distilled water to give different concentrations.

2.8.1)

GUINEA PIG BLADDER DETRUSOR

MUSCLE :

As described by Noronha-Blob et al, (1990)
longitudinal bladder detrusor strips were suspended
under a resting tension (0.5g) in aerated Tyrode
physiological solution. Tension was measured with
isometric force transducer (FT 305) and responses
were recorded on a Biodevices Physiograph.
Antimuscarinic activity was determined from
concentration response curves to acetylcholine in
the absence or presence of increasing
concentrations of the compound D. Contractile
responses were expressed as a percentage of the
maximum contraction elicited by acetylcholine
(Norohna-Blob and Kachur, 1991) in the absence
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of the compound D. Doses of the compound used
were 98, 196 and 392 X 10 -6 moles per ml of bath
concentration.

2.8.2) GUINEA PIG ILEUM :
-

As previously described, the longitudinal ileal
muscle was suspended in an organ bath in aerated
Tyrode solution. Antagonistic activity was
determined from concentration response curves to
acetylcholine in the absence or presence of
increasing concentrations of the compound (D) and
of the muscarinic antagonist atropine. Doses of the
compound (D) used were 98, 196 and 392 X 10 -6
molesprfbathcn io.

2.8.3) GUINEA PIG ATRIAL MUSCLE :
-

Isolated guinea-pig atria were prepared as
described (Evans et al, 1982). Atria were placed in
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an oxygenated Ringer-Locke buffer, and suspended
under tension at 34°C. Isometric contractions were
measured with an electromechanical force
displacement transducer (FT. 305) coupled to a
Biodevices

Physiograph.

The atria beat

spontaneously, and after equilibration (30 mins)
resting tension was adjusted to the peak of the
length tension curve followed by a reequilibration
period (30 mins). Cumulative concentration
response curves to acetylcholine were obtained
before and after addition of increasing
concentrations of the compound D. Responses
were expressed as a percentage of the maximal
inhibition of atrial rate induced by acetylcholine in
absence of the antagonist (compound D).

Doses of the compound D used were 20, 40, 196
and 392 X 10-6 moles per ml of bath concentration.

5

In vivo experiments
2.8.4) GASTRIC SECRETION IN RATS :

Albino rats of either sex weighing 190-250 g were
randomly divided into groups of 6, a group of 6 rats
serving as control. All the rats were starved for 48
hours prior to the experiment.

After the first 24 hrs., they were given access to 8%
sucrose in 0.2% sodium chloride for 8 hours. Water
was permitted ad libitum except during the 8 hours
of sucrose treatment, & 2 hours. previous to pyloric
ligation.

Basal gastric acidity was determined by a modified
method of Shay (1954). Pyloric ligation was done
under ether anaesthesia followed by gastric lavage
with normal saline. Except for the control group, all
the rats received 3 doses ( 1, 3 & 5 mg/kg) of the
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compound (D) and standard antagonist atropine,
(0.01, 0.05 & 0.1 mg/kg) subcutaneously 15 minutes
prior to pyloric ligation. 3 hours after, the animals
were killed, the stomach tied at the oesophageal
junction and removed. The contents were collected
by cutting along the greater curvature and the free
acidity determined by titration against 0.01 normal
NaOH using Topfers reagent as indicator.
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3.1) Pharmacological activities of crude
extracts :

3.1.1) Guinea- pig ileum
3.1.2) Guinea - pig uterus
3.1.3) Guinea pig atrium

3.2) Identification of active compounds :

3.3) Study of the active compounds :
In vitro experiments
3.3.1) Guinea pig ileum.
3.3.2) Guinea pig bladder
3.3.3) Guinea pig atrium

In vivo studies
3.3.4) Gastric acidity
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As part of the ongoing programme for 'Development
of Potential Drugs from the Ocean', a
pharmacological screening of 55 marine organisms
from the West and East coasts of India has been
carried out . These were collected either by hand or
by SCUBA diving ,from the coastal and intertidal
waters along Goa, Gujarat, Malvan, Ratnagiri,
Karwar, Mandapam & the Lakshadweep Islands.

3.1) PHARMACOLOGICAL ACTIVITIES OF THE
CRUDE EXTRACTS :

During routine pharmacological screening of marine
flora and fauna,the methanolic extracts were
studied using guinea pigs as an experimental
model.The methods employed are described in
Materials and Methods Section, on isolated tissues
of the guinea pig and the following was observed.
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3.1.1) Guinea pig ileum
5 crude extracts showed antispasmodic activity
against the 5 standard drugs
acetylcholine,

i.e. histamine,

5-Hydroxytryptamine ( 5 HT),

nicotine and barium chloride . One crude extract
showed a marked dose-dependent decrease in
acetylcholine- induced contraction at both doses (50
& 250 !_tg / ml). Anti-5HT activity was observed in
one crude extract while two crude extracts showed
nicotine-blocking activity. 28 extracts were either
histaminergic or spasmogenic ( against all 5
standard spasmogens), while remaining 18 were
inactive.

3.1.2) Guinea pig uterus:

Two crude extracts showed a tocolytic effect
(decrease in oxytocin and prostaglandin PGF 2,
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induced contractions), while one crude extract
showed a mild tocolytic effect on guinea-pig uterus.

Six crude extracts potentiated their effects, while
26 were oxytocic- like or ecbolic. The remaining 20
were inactive.

3.1.3) Guinea pig atrium

None

of the crude extracts showed any

antiarrhythmic activity. Only crude extract showed
positive inotropic action on the atrium.
Table VII gives the pharmacological activities of the
55 marine organisms.

Table VIII gives the various pharmacological
activities of the crude extracts.

From these 55 crude extracts, 5 were fractionated in
solvents such as petroleum ether, chloroform.and

TABLE - VII

Marine organisms along with their
pharmacological activities observed
on isolated Guinea-pig ileum*, uterus*
& atrium .*

MARINE
ORGANISMS

PHARMACOLOGICAL
ACTIVITY *

Algae

A - Inactive

Ac r cStr c-PIZU r vt,

a uneci o \

B - Potentiation of
oxytocin
C - Inactive

Algae
L644-e-441'f"

A - Spasmogenic
B - Potentiation of
oxytocin
C - Inactive

Algae
ci3r(\o<40ce.,:a
\--e-b.1 r.ciaka

A - Histaminergic BOxytocic
C

-

Inactive

A - Histaminergic

Algae
Pa (key-as.Za
corctiaka

B - Oxytocic
C - Inactive
A - Histaminergic

Algae
P'clY\

Pkrr()'

&P .

B- Inactive
C - Inactive

Algae
uae-c-4 a-

M e-t°U! ri-Na

A -Spasmogenic
B- Potentiation of
oxytocin
C - Inactive

Algae
Ary",plf‘rrea.
42.a.4.-e tt t-t.r.irla
0

A - Antispasmodic
B - Inactive
C - Inactive

Algae

A - Inactive

AINT1-ktroa_ %,„ .
r

B - Inactive
C - Inactive

Algae

■

Li (v It r a_
rc cc- 1-,-,,,,a

A - Inactive
B - Inactive
C - Inactive

Algae
un re 4 0_,.
-

A - Spasmogenic
i'v:Re'e_,A
-

B

-

Oxytocic

C - Inactive
A - Histaminergic

Algae
_tzi r °e vsod tl u vx
-

-

-

isc)e-eflt,ury,

B

-

Oxytocic

C - Inactive
Gastropod
_C,_ tA60_,--btes

A - Histaminergic
B - Oxytocic

ws67gr utfr

C - inactive
Gastropod
tZtkCA*-14

;

A - Inactive

af •
B - Inactive
C - Inactive

Giant starfish
Cusjev,

A - Histaminergic
-t-

Oxytocic
C - Inactive

Gorgonian

Eck? no ((I u,re cea

A - Histaminergic
B

-

Oxytocic

C - Inactive
Gorgonian
Ltr\ecko--KVA,c2,4

A - Histaminergic

B-

B - Oxytocic
C - Inactive
Gorgonian
Lty\rckiXeRQ-d

A - Histaminergic
B - Oxytocic
C - Inactive

Gorgonian
(1,-.);_cb.-._._tef ,

A - Inactive
B - Inactive
C - Inactive

Gorgonian
ti=-2:06---r,R12--d

A - Histaminergic
B - Oxytocic
C - Inactive

Gorgonian

A - Spasmogenic

th-C--86-----W-c-J B - Oxytocic
C - Inactive
Gorgonian

A - Histaminergic

1.6.1*L'olt,.,t-ego,9_,4 B - Oxytocic
C - Inactive
Mangrove

A - Histaminergic

(Unidentified

B - Oxytocic

Flora)

C - Inactive

Mangrove

A - Anti 5-HT

Solt,- co-sk_vac,.._
bv-,:5 ckveica.

B

- Oxytocic

C - Inactive
Mangrove
C'tc-4..-

6,-eA A.,.....z_

A - Inactive
B - Tocolytic
C - Inactive

Polychaete

A - Inactive

worm
"i„vockl.et_4_,_,

B - Inactive
C - Inactive

Polychaete

A- Histaminergic

worm

B - Inactive

ack-k-c-valeAcL

C - Inactive

Salvadora

A - Anticholinergic

persica

B - Mild Tocolytic

(Mangrove)

C - Inactive

Sea anemone
2-a-kbia,ticki-4

sT .

A - Histaminergic
B - Potentiation of
oxytocin

C - Inactive
Sea grass

A -Spasmogenic

14,ktuk_ctiLdo-,

B - Potentiation of

,-p__% tAgAz:0%.

Oxytocin
C - Inactive

Soft coral

A - Spasmogenic

1_,60rL,,

B - Potentiation of

)7 "
oxytocin
C - Inactive
Soft coral

A - Histaminergic

ztr , 0

) B - Oxytocic
C - Inactive

Soft coral
Loc,r)
.0,..\_c_or,

A - Inactive
,

-cmi

B - Inactive
c- Inactive

A - Histaminergic

Soft coral
Nkf9"-Q-°-

'

B - Oxytocic
C - Inactive

•

A - Histaminergic

Soft Coral

B - Oxytocic

n0.

cof Uial

C

-

Inactive

A - Inactive

Soft Coral
co-,A._, 71/4424-.-t_t:k_

B - Inactive
C - Inactive
A - Histaminergic

Soft Coral
*
SZJ•""'_CL-.

B - Oxytocic
C - Inactive
A - Inactive

Soft Coral
U,...Zds2_,,,VIe49

B - Inactive
C - Inactive
A - Nicotine Blocker

Soft Coral

L6\ ac'Ell7<2_d
a

B - Oxytocic
C - Inactive
A - Antispasmodic

Soft Coral

Lt`'•

t°<.01 B - Oxytocic
-

C - Inactive
Soft Coral
(1,:tcle_,„-tFe_6,1

A - Nicotine Blocker

.

B - Oxytocic
C - Inactive
Soft Coral

A - Inactive

UP'-cU"'t`r

--

B - Inactive
C - Inactive

Soft Coral

A - Inactive

LitAzd,Q1,,tekt-d
B - Inactive
C - Inactive
Soft Coral
it,,,to

A - Inactive
k-;,.e_el

B - Inactive
C - Inactive

Soft Coral
l_tb,friz„LUCII,v_J

A - Inactive
B - Inactive
C - Inactive

Soft Coral
U.K,ZtAk ,-,-0 v4.Q-c)

A - Inactive
B - Inactive
C - Inactive

Soft Coral

°4e .kl1

tiA‘L'et'Qe

A - Antispasmodic
B - Inactive

C - Inactive
Soft Coral
Lizoi.,(2frt,$4

A - Inactive

B - Inactive
C - Inactive

Soft Coral
UL,A`,40_,:V ,Pd

A - Spasmogenic
B - Oxytocic
C - Inactive

Soft Coral

A - Antispasmodic

t-lbj' 4°--tere rl

B - Oxytocic
C - Inactive

Soft Coral

A - Antispasmodic

tit'^-tA-t ( 4d B - Oxytocic
C - Inactive
Soft Coral

A - Inactive

UJA-ZcLe-v—kz(

B - Inactive
C - Inactive

Soft Coral

A - Histarninergic

tb---2cte)--Cerie-c)

B - Inactive
C - Inactive

Sponge

c

ck),aircuf 1/4 ,2-,,a._

A - Inactive
B - Tocolytic
C - Inactive

Sponge
C. Lo,_--ttck.Z0,_

.
fv..1..,,,ck-,Atci,

A

Histaminergic

B - Oxytocic
C - Inactive

Sponge
ti,t,\.teee_rJ

A - Inactive
B - Inactive
C - Atrial Stimulation

* Abbreviations used :
A - Ileum
B - Uterus
C - Atrium

TABLE - VIII
Pharmacological activities of the marine flora
and fauna.

ACTIVITY

CRUDE METHANOLIC
EXTRACTS

Anticholinergic

1

Anti5-HT

1

Antinicotinic

2

Antispasmodic

5

Histaminergic or
spasmogenic

28

Ecbolic / oxytocic

26

Tocolytic

3

Potentiation of
oxytocin/PGF 2a

6

Positive inotropic
action

1
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butanol.

Four fractions of each of these crude

extracts were obtained. All these fractions were
tested on the isolated tissues of the guinea pigs for
the parent activity (Table IX).

1) The chloroform fraction of the alga fractionated,
showed oxytocic activity, while the other three
fractions were inactive.
2) All fractions of a marine sponge, lost their activity
after fractionation.
3) The chloroform fraction of the mangrove plant

Salvadora persica

showed anti-cholinergic

activity, as the parent crude extract. The
aqueous fraction showed mild tocolytic activity,
while the remaining 2 fractions were inactive.
4) All the fractions of the soft coral fractionated, lost
the antispamodic activity of the crude extract
during fractionation.
5) The tocolytic activity of the crude extract of the
sponge fractionated was lost on fractionation.

TABLE - IX
Marine organisms fractionated for their pharmacological
activity

MARINE
ORGANISMS
Algae
(C...gzfot
tOci.
C__05

Sponge
(OLOT-t-Zgo‘Js-C1-M7

)

Mangrove plant

(Salvadora persica)

Soft coral

Sponge
°
/CL'3

el-L-31)iaZ

FRACTION

ACTIVITY

Petroleum ether
Chloroform
Butanol
Aqueous

Inactive
Oxytocic
Inactive
Inactive

Petroleum ether
Chloroform
Butanol
Aqueous

Inactive
Inactive
Inactive
Inactive

Petroleum ether
Chloroform
Butanol
Aqueous

Inactive
Anticholinergic
Inactive
Mild tocolytic

Petroleum ether
u„1_,) Chloroform
Butanol
Aqueous

Inactive
Inactive
Inactive
Inactive

Petroleum ether
Chloroform
Butanol
Aqueous

Inactive
Inactive
Inactive
Inactive
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Table X shows the percentage of samples having
potentially useful activity.

From the above results, of
pharmacological activities, it is very
much clear that the mangrove plant
Salvadora persica has consistently
maintained

its anticholinergic

activity on guinea-pig ileum, both in
crude & fraction state. Hence, the
active chloroform fraction of this
mangrove was further purified to
isolate and characterise the active
ingredients. (Tables XI, XII and X111).

TABLE -X
Percentage of samples showing potentially useful
activity (in crude and fraction state)

Potential pharmacological activity

Percentage

Anticholinergic

3.64

Anti5-HT

1.82

Antinicotinic

3.64

Antispasmodic

9.10

Tocolytic

7.27

Ecbolic
Positive inotropic action

49.0
1.82

TABLE -)

RELATIVE IN VITRO EFFECT OF SALVADORA PERSICA L. ON
GUINEA-PIG ATRIUM

Extract

Tissue

Frequency after

before drug

drug

96 beats / sec.

96 beats / sec.

%
Change
1

Frequency

Extract

Atrium

CD

Crude

TABLE - XII
RELATIVE IN VITRO EFFECT OF SALVADORA PERSICA L. ON GUINEA-PIG ILEUM (Mean of 6 readings in mms)

EXTRACT

TISSUE

SPASMOGENS

CRUDE
EXTRACT

GUINEAPIG
ILEUM

ACETYLCHOLINE

HISTAMINE
5-HT
NICOTINE
BARIUM
CHLORIDE

STANDARD
INDUCED
CONTRACTION
(mm)
20

DOSE
5014/
ml
(mm)
15

INHIBITION
%
DECREASE

DOSE
250
1.1g/m1

INHIBITION %
DECREASE

25

8
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22
16
16
18

18
15
16
16

18.17
6
0
11

15
12
10
12

32
25
37.5
33

TABLE - XIII
RELATIVE IN VITRO EFFECT OF SALVADORA PERSICA L. ON GUINEA-PIG UTERUS (Mean of 6 readings in mms)
EXTRACT

Crude extract

TISSUE

Guinea-pig
uterus

Chloroform
BuOH
Aqueous
Fraction-1
Fraction-2
Fraction-3
Fraction-4
Fraction-5
Fraction-6
S.frl
S.fr II
Sir III
S.fr IV
S.fr V
S.fr VI
*Potentiation.
Abbreviations used:
OXY = Oxytocin ; PG = PGFz.

SPASMOGENS

STANDARD INDUCED
CONTRACTION (mm)

OXY & PG

48

OXY & PG
OXY & PG
OXY & PG
OXY & PG
OXY & PG
OXY & PG
OXY & PG
OXY & PG
OXY & PG
OXY & PG
OXY & PG
OXY & PG
OXY & PG
OXY & PG
OXY & PG

50
51
48
45
48
50
50
46
48
49
50
48
50
50
52

DOSE
50mg/m1
(mm)
25

INHIBITION %
DECREASE
48

40

0
6
27
2
0
16
12
13
17

52
50
40
45
48
50

0
20
10
4
4

50
48
35
44
48
42
44
40

DOSE
250
mg/ml
20
50
40
25
42
45
30
28
26
24
52
52
32
33
45
50

INHIBITION %
DECREASE
58
0
21
48
7
6
40
44
43
50

40
34
10
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3.2) IDENTIFICATION OF PURE COMPOUNDS :

The chloroform fraction was purified by column
chromatography over silica gel using increasing
concentrations of ethyl acetate in petroleum ether.
to yield subfractions which were monitored by silica
gel TLC . The visualisation of the spots was
effective in iodine vapour or by spraying 5%
sulphuric acid in methanol and heating at 110 °C.

Pharmacological testing

cum TLC guided

fractionation led to active subfractions 4, 5, 6, with
similar TLC profile. These were mixed and the
component purified by repeated chromatography
over silica gel, again using increasing
concentrations of ethyl acetate in petroleum ether to
yield five pure compounds, the least polar ones A
and B being first to get eluted with petroleum ether:
ethyl acetate (90 : 10) followed by C & D of
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intermediate polarity eluted with petroleum ether :
ethyl acetate (85 : 15). Compound E being the
most polar was eluted last, with petroleum ether :
ethylacetate (75:25) (Flow chart I and Table XIV).

Using spectral data such as 1 FINMR, 13CNMR,
DEPT & EIMS, the 5 compounds were identified as

A) p -amyrin
B) Betulin
C) Ursolic acid
D) Methyl palmitate
E) Lupeol

FLOW CHART - I
PHARMACOLOGICAL TESTING CUM FRACTIONATION OF EXTRACT FROM SALVADORA
PERSICA LINNEAUS, 1753.
Crude extract
Aqueous Aaction

[n-Butancl fraction I

1-7roEcrm
Cb1
fraction 1

'Anticholinergic I

ITocolytic

'Inactive

Fr. 1.2
'Inactive I

Anticholinergic

Inactive

Fr. iv - vi

Fr. i-iii

'Inactive I

lAnticholinergi
Fr. I

I

Fr. 3 6

'Inactive I

Fr. vii-ix

Fr. x-xi

IMild antispasmodic

'Inactive 1

Fr. 1I
'Inactive I

Fr. 7-8

!Inactive

ITocolytic

Fr. i iv

v vi

Inactive

Mild Tocolytic

"Inactive I

IFr. I

I

'Inactive I

'Mild Anticholinergic I
Inactive I

Fr. II
'Inactive

IFr..01
Inactive

TABLE - XIV
RELATIVE IN VITRO ANTICHOLINERGIC EFFECT OF FRACTIONS OF
SALVODORA PERSICA L. ON GUINEA-PIG ILEUM (Mean of 6 readings in mms)
The activity is expressed as inhibition against standard acetylcholine.
fRACTION
Chlorofolm
BUOH
Aqueous

Fraction-1
Fraction-2
Fraction-3
Fraction-4

Fraction-5
Fraction-6
Fraction-7
S.fr i
S.fr ii
S.fr iii
S.fr iv
S.fr v
S.fr vi- xi

STANDARD ACFI- INDUCED
CONTRACTION
19
22
20
18
16
18
17
18
18
18
20
20
22
20
22
22

DOSE 50µg/ml
14
22
20
18
16
18
10
10
11
18
14
13
14
20
22
22

INHIBITION %
DECREASE
26.3
0
0
0
0
0
41
44.5
40
0
30
35
36
0
0
0

DOSE
25014/m1
8
20
19
18
16
16
6
6
7
16
8
8
9
19
20
22

INHIBITION c1/0
DECREASE
58
11
5
0
0
11
65
66.5
61
11
60
60
59
5
9
0

TABLE -XIV

CONTD:S.fr I
S.fr II
S.fr III
S.fr IV
S .fr V
a
b
c
B

O

22
22
20
22
20
56
56
59
56
58
59
56
56

10
20
20
18
18
38
35
40
56
40
55
23
56

54.50
9
0
18
10
32
38
32
0
31
6
59
0

5
18
20
18
15
24
17
28
50
30
47
12
56

77
18
0
18
25
57
70
66
10.70
48
20
79
0
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SOURCE

:

MANGROVE PLANT

Name of the Mangrove plant :

Salvadora persica Linneaus. 1753.
A) Name of the molecule :

amyrin (non- steroidalpolycyclic triterpene)

B)

Molecular formula

C30 HSO 0

Molecular weight

426

Melting point

160° C

Name of the molecule : Betulin

Molecular formula

: C30 HSO

Molecular weight

: 442

Melting point

: 255° C

02
/ •

C) Name of the molecule : Ursolic acid

(Triterpenic acid)
Molecular formula

: C30

Molecular weight

: 456

Melting point

:

Has

03

292° C.
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D) Name of the molecule :Methyl palmitate
(Aliphatic Ester)

Molecular formula

:

: 256

Molecular weight

Melting point

C16 H32 02

:

30°C

E) Name of the molecule : Lupeol
(non-steroidalpolycyclic
triterpene)
Molecular formula :

Molecular weight

Melting point

C30 H60

: 426

: 215°C

0

64
3.3) STUDY OF THE ACTIVE COMPOUNDS :

All the five compounds were tested for
anticholinergic activity to access their retention of
bio activity on isolated guinea pig ileum. The
technique was as described in Materials and
Methods section.
Methyl palmitate showed marked dose-dependent
decrease in acetylcholine-induced contraction, while
Betulin showed mild anticholinergic activity. Lupeol,
13-amyrin and Ursolic acid were inactive on the
ileum. (Table XV).

From the above results, it was clear that the
anticholinergic activity was consistently maintained
in the compound methyl palmitate isolated from
the mangrove plant Salvadora persica L
Hence this active molecule was further taken up for
detailed pharmacological investigations.

TABLE - XV

Names of the compounds isolated along
with their corresponding activity

OF
THE
NAME
COMPOUND

ACTIVITY
SHOWN

13 -amyrin

Inactive

Betulin

Mild anticholinergic

Ursolic acid

Inactive

Methyl palmitate

Anticholinergic

Lupeol

Inactive
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In vitro experiments :

3.3.1) Guinea pig ileum:

The compound methyl palmitate in concentrations
of 98, 196 and 392 X 10 -6 moles per ml of
bath,antagonised contractions of smooth muscle of
the ileum produced by the muscarinic agonist
acetylcholine. Further, like the standard muscarinic
antagonist atropine, this compound produced a shift
to the right of the dose response curve to
acetylcholine, with no change in the slope and
maximum response, suggesting a competitive
antagonism.(figs.7,8 ). The compound is 2.2 times
less potent than atropine.

100

ti

90

0
o 70

W
0

z

50—

ELI
) 40

LU
C

30

AceLylcholine

s5

A Atropine

35

• Atropine
1:1 Atrop;ne

86

173

-

2D
1
0

v't.tt

0,55

LOG DOSE (x 10' )
FIG. 7 DOSE IR -SP ONSE CU EVES OF ACETYLCHOLINE
ON GUINEA-FIG ILEUM, IN ABSENCE AND PRESENCE
OF ATROPINE
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G

yo
30

ty lcho line

53

4 Compound-

Gig

• Compound.

19 6

Compound

VI a

2.0

0.55

2

1%

4.4

LOG DOSE (X 10 -6

36

"/Z

)

FIG8 : DOSE RESFONSE CURVES OF ACETYLCHOLIN E ON
GUINEA-PIG ILEUM IN ABSENCE AND PRENCE
OF THE COMPOUND METHYL PAL MITATE
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3.3.2) Guinea pig bladder:

Experiments on the strips of detrusor muscle of the
bladder showed that the compound methyl
palmitate in concentrations of 98, 196 and 392 X
10-6 moles per ml of bath,antagonised the effect of
acetylcholine in a dose -dependent and competitive
manner.(Figs. 9, 10 ) Thus atropine is 2.2 times
more potent than the compound on the bladder.

3.3.3) Guinea pig atrium :

Figs. 11 and 12 show that the compound methyl
palmitate is 118 fold less potent than atropine.This
compound did not produce any positive inotropic or
chronotropic effect on its own in the concentrations
studied i.e.20, 40 , 196 and 392 X 10 -6 moles per ml
of bath.
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IN VIVO STUDIES :

3.3.4) Gastric acidity :

Like atropine the compound methyl palmitate
inhibited basal gastric acidity dose dependently
(Table XVI ) with all three doses (1, 3 & 5 mg/kg
s.c.) At the lower dose inhibition was 50.72 %, at 3
mg/kg it was 55%, while at the higher dose it was
91.5 % respectively. Here, the compound was fifty
times less potent than atropine(Figs 13,14).

THE COMPOUND METHYL PALMITATE
ISOLATED FROM THE MANGROVE PLANT,
SALVADORA PERSICA LINNEAUS, 1753, HAS
THROUGHOUT, FROM THE CRUDE STATE TO
THE PURE COMPOUND STATE, SHOWN GOOD
ANTICHOLINERGIC ACTIVITY.

TABLE - XVI
Effect of atropine and methyl palmitate on gastric
acidity in rats ( Mean of 6 readings j.

Drug

%

ED50

inhibition

(m grkg)

Dose (mg/kg s.c.)

Control

Saline

Atropine

0.01

9

0.05

42

0.1

91.15

Compound

1

50.72

(methyl

3

55

palmitate)

5

91.5

0.055

2.74
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Natural products attracted the attention of man
since ages. Many of the medicinal and biological
agents used on a world - wide basis, are either
natural products themselves, or derivatives of them,
or are modified templates of natural products.

The advances in science have markedly enhanced
the isolation and structure elucidation of
substantially more complex and diverse natural
products. The biological advances occuring in the
methodologies to evaluate the biological activity of
crude mixtures as well as purified compounds, from
natural sources, are leading to an increasing
percentage of new medicinal agents. This has led
to an enhanced interest in the isolation of
biologically active natural products.

It is clear, however, that the secondary metabolites
from the abundant ocean resources demand ardous
4
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and careful biological investigations in order to
screen the compounds for prospective
pharmacological and related uses to be followed by
their exploitations.

It is against this background and the related
importance of marine natural products, that a study
of marine organisms was undertaken.

PURPOSE OF THE PRESENT STUDIES :

•

To test the crude extracts of marine
organisms , for pharmacological activity on
isolated tissues of the guinea-pig

•

To identify those metabolites of the crude
extracts responsible for any pharmacological
activity against the above said tissues and to
test the pure compounds for activity on the
receptor type.
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The guinea-pig was used as an experimental
model and isolated ileum was selected as a
source of receptor material as it contained more
receptors than other regions of the intestinal
tract ( Ghosh, 1984). The uterus was used for
oxytocic and tocolytic activities as it emerged
as the best model to evaluate these activities

(Mehrotra et al., 1985). And the atrium was
used to study antiarrhythmic activity and
positive isotropic action on the heart.

The results of the present study show that out of
the 55 crude marine extracts tested on three
isolated tissues, namely, the guinea pig ileum,
uterus and atrium, authenticate the potential of the
crude extracts . Out of the 55 crude marine extracts
studied, five inhibited contractions produced by all
five spasmogens, suggesting a non-specific and
smooth muscle relaxant activity. One extract of the
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mangrove plant Salvadora persica

selectively

inhibited only acetylcholine induced contractions,
while another crude extract inhibited only 5hydroxytryptamine, showing promise as potential
drugs.

On the other hand, 28 extracts produced
contractions by themselves which were blocked by
pretreatment with antihistamine.

So also 27 produced contractions by themselves on
guinea-pig uterus. Thus, a surprisingly large
number of samples screened showed contractile
activity either on guinea-pig ileum or uterus. This
could be an artefact perhaps because of the
procedures adopted during the process of chemical
extraction. Six crude extracts increased the
contractions produced by oxytocin and
prostaglandin F2(1 on guinea-pig uterus, though by
themselves they did not produce any contraction.
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Though it is tempting to speculate that this could be
because of inhibition of the enzyme oxytocinase, it
is unlikely that such an activity could be present.
Only one extract produced a positive inotropic
effect on the atrium, which may be caused by
increased sodium ion permeability of the cardiac
cell membrane.

The selection of crude extracts for fractionation was
based on the activity on all the three isolated tissues
of the guinea-pig. Only 5 had potential
pharmacological activity.

These activities were lost on fractionation in case of
the marine algae, the two sponges and the soft
coral . Consistent anticholinergic activity was found
only in the mangrove plant Salvadora persica L.

This mangrove plant was taken up for further
detailed

study

as

it

showed

consistent
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anticholinergic activity and it can be gleaned from
the literature that no previous work has been
carried out on its bioactivity.

The mangrove plant S. persica L. belongs to the
family Salvadoraceae and found along the coasts &
estuaries of Goa.This plant is supposed to be the
Mustard Tree of the Scripture, as a stimulant it
promises to be a medicine possesed by very
considerable powers (Roxburg , 1832; Hooker,
1880 and Cooke, 1905). Although mangroves
have been studied extensively, they remain one of
the least understood tropical marine ecosystems
where bioactivity is concerned.

The extracts that have shown good activity in the
crude state have either lost it totally or have shown
relatively less activity in their fractionated state.
This supports the fact that many of the natural
products show activity in the crude form due to the
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synergistic nature of the metabolites present in
them.

Thus, though the marine world offers an enormous
resource for novel drugs,due to an estimated range
of 3 million to 5 million marine species (de Vries &
Hall, 1994)it can be easily visualized why a large
number of marine products have failed to become
drugs inspite of the recent expansion in research
activity.

The active crude extract was subjected to column
chromatography on silica gel and eluted with
different solvents. The collected fractions were
concentrated and again tested for activity. The
fractions which showed promising results were
further fractionated to obtain pure compounds

Later on by monitoring the activity towards isolated
guinea-pig ileum, five compounds were isolated
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from the mangrove plant S.persica L., betulin
showed mild anticholinergic activity,while methyl
palmitate had consistent anticholinergic activity.

The results of the experiments on isolated tissues
suggest that like atropine,the compound methyl
palmitate, is a muscarinic antagonist. Acetylcholine
acts on two types of receptors,namely muscarinic
and nicotinic(Goodman & Gilman, 1997.)

The effect of the compound methyl palmitate on the
muscarinic actions of acetylcholine was ivestigated .
A large number of binding and functional studies
have indicated the existence of subtypes of
muscarinic receptors (Hammer & Giachetti, 1982;
Birdsall & Hulme, 1983 and Harden et al ,1986)

The most important being M i ,M2 &

M3

muscarinic

receptor subtypes.
Atropine has been shown to be non-selective i.e.to
have equal affinity to all types of muscarinic
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receptors (Hulme et a1,1976) and has been used as
a standard for comparison.

The effect on M 1 receptors was studied

by

observing the effect of the compound in gastric
acidity under basal condition by pyloric ligation.This
procedure has been shown to increase gastric
acidity by activating vagal reflexes.(Hakenson

et

a1.,1980) and is sensitive to pirenzepine & probably

mediated by endogeneously released acetylcholine
acting on neuronal N 1 receptors

(Parry &

Heathcote 1982 and Soil, 1983).Like atropine ,the

compound methyl palmitate produced a decrease in
free acidity. However, it was 50 times less potent.

Though both M2 & M3 receptors are found in guinea
pig ileum,contractions of its smooth muscle have
been shown to be mediated by M3 receptors (Eglen
et aL,1990). Similarly,

M3

receptors are also

involved in the contraction of the detrusor muscle of
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guinea pig bladder (Norohna -Blob & Kachur ,
1991)

The compound methyl palmitate decreased the
effect of acetylcholine,induced contraction on both
the ileum and bladder.However, the effect could be
overcome and the maximal response could be
obtained by increasing the dose of acetylcholine.
Thus the compound methyl palmitate produced a
shift to the right in the dose response curve of
acetylcholine ,with the maximal response remaining
the same. This shows that the antagonism is
competitive and reversible in nature.Thus the
compound, methyl palmitate blocks M3 receptors in
the same way as atropine, however it was 2.2 times
less potent.

Numerous studies have demonstrated the existence
of M2 muscarinic receptors in the conducting tissue
as well,as the myocardium ( Endoh et al., 1986 &
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Warren

et al.,

1988),which mediate both the

bradycardia as well as the negative inotropic effect
of cholinergic stimulation An one experiment,
atropine decreased the inhibitory effect of
acetylcholine on the guinea-pig atrium on both the
rate and force of contraction .

However, the compound methyl palmitate had no
such effect in the dosage range used; showing that
it probably does not block M2 receptors. It is not
known as to why the compound had no effect on
M2

receptors of the atrium. Nevertheless, the ability

of the compound methyl palmitate to distinguish
between the muscarinic receptors in the atrium and
elsewhere in the body confirms the heterogeneity of
muscarinic receptors.
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In conclusion, the results of the
present studies show that

1) Out of the 55 crude extracts tested only five had
potential therapeutic activity.
2) The activity of the four organisms selected were
destroyed by fractionation. Only the mangrove
plant

Salvadora persica

retained its

anticholinergic activity.
3) The compound methyl palmitate isolated from the
mangrove plant, Salvadora persica Linneaus
has antagonistic effects on M 1 and

M3

muscarinic receptors just like the prototype
antimuscarinic drug atropine, but it is less
potent.
4) However, it differs from atropine in that it does
not affect the

M2

receptors of the atrium.

RELEVANCE OF INVESTIGATIONS :

Earlier studies on marine bioactivity have mainly
dealt in isolation of molecules for therapeutic use as
antivirals, antibacterials, antifungals, antitumour
agents, etc. ( Siddhanta et aL, 1997).

The pharmacological information embodied in this
thesis gives the detailed antimuscarinic activity of
the compound methyl palmitate isolated from the
mangrove plant Salvadora persica L. from Goa ;
besides pharmocological activities of 54 other crude
extracts of marine organisms.

This compound could be a potential inhibitor of
gastric acidity and gastrointestinal disorders.

Based on this, the mode of action and the site of
action studies of the molecule at cellular and
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molecular levels may prove quite interesting if taken
up and assessed. Also the role of the metabolites
of this compounds that ensure in the therapeutics
be pursued, for the singular reason that it could be
potently antimuscarinic in nature than the parent
molecules. This information thus generally may
perhaps be useful in developing lead molecules as
potential therapeutic agents.

Marine natural products will continue to play an
important role as molecular probes in studying
these types of biochemical events and unravelling
their roles in cell regulation.
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SUMMARY

• The vast resources of marine natural products
played an important role in the explosive growth
of biomedical science during the past two
decades.
•

In its infancy, the marine natural products field
was dominated by chemical studies which
generated,

literally,

thousands

of

novel

structures, few of which were studied by marine
pharmacologists. More recently, the emphasis
has shifted to an interdisciplinary approach as
chemists came to appreciate the chemical
characterisation of new compounds, no matter
how

exotic,

is

only

a

beginning

&

pharmacologists realise that these metabolites
can provide key insights into complex cellular
events.
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• The present work was done on 55 marine
organisms. The organisms, both flora & fauna,
were collected from along the coasts of India.

• The crude methanolic extracts were screened on
three isolated tissues of the guinea-pig, namely,
the ileum, uterus and atrium for pharmacological
activity.

• From the present studies, it was seen that out of
the 55 crude extracts tested, only 5 showed
potential therapeutic activity.

• These five active crude extracts were
fractionated and each fraction was again tested
for the parent activity.

• Only the chloroform fraction of the crude extract
of the mangrove plant
Linneaus,

1753,

Salvadora persica
showed

consistent
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anticholinergic activity, hence, this fraction was
taken up for detailed anticholinergic activity.

• After purification of the fraction, five compounds
were isolated and tested on guinea-pig ileum for
anticholinergic activity on muscarinic receptors.

•

One

compound,

Betulin,

showed

mild

anticholinergic activity, while the compound
methyl

palmitate

showed

consistent

anticholinergic activity. Hence, this compound
was taken up for detailed study of anticholinergic
activity on muscarinic receptors.

• In vitro experiments were conducted on guineapig ileum, bladder and atrium and

in vivo

experiments on gastric secretion in rats to study
the antagonistic action of this compound on
various muscarinic receptors.
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•

It was found that the compound methyl palmitate,
like the known muscarinic antagonist atropine,
produced a decrease in free acidity thereby
acting on M 1 receptors.

•

It also decreased the effect of acetylcholine
induced contraction on both ileum and bladder.
Thus the compound methyl palmitate produced a
shift to the right in the dose response curve of
acetylcholine, with the maximal response
remaining the same.

This shows that the

antagonism is competitive and reversible in
nature, thus, blocking M3 receptors in the same
way as atropine.

• The compound did not have any effect on M2
receptors of the atrium.

• Thus, the compound methyl palmitate isolated
from the mangrove plant Salvadora persica has
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antagonistic effects on M 1 & M3

muscarinic

receptors, like the known antimuscarinic drug
atropine, but it is 2.2 times less potent, and it
does not affect the M2 receptors of the atrium.

• Hence this compound methyl palmitate

could

be a potential inhibitor of gastric acidity and
gastrointestinal disorders.
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