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Préface

The science of marine pharmacognosy—the study and utilization of
marine drugs—is in many respects in a state of infancy. This statement
must be tempered, however, with the acknowledgment that marine or-
ganisms and materials have been used from ancient times to cure or relieve
various illnesses, ranging from stomachache to more exotic diseases. We
also recognize that research in the field of marine pharmacognosy is
accelerating and has attracted scientists trained in a range of disciplines,
including agriculture, bacteriology, botany, chemistry, oceanography, phar-
macology, physiology, and zoology. The marine bioactive substances being
studied include a group that is among the most ubiquitious, the most po-
tent, and the most diverse in its range of activity known to man. And yet
its activity is, in many instances, poorly understood.

It appears timely, therefore, to bring together the present state of knowl-
edge concerning the activity of selected marine drugs. The unifying theme
of this volume—the use of marine biotoxins as probes of cellular functions—
constitutes a useful means of understanding the information that has been
obtained as well as the techniques and methods being used.

The contributions to this volume have three features. First, the con-
tributors have presented details of procedures they have found useful.
These include methods of isolation and characterization of bioactive agents,
voltage-clamp techniques, kinetics of toxin-induced hemolysis, measurement
of muscle contraction, toxin-induced alterations, bioassays, and micro-
calorimetry. Second, the contributions, individually and collectively, dem-
onstrate the use and usefulness of marine bioactive agents as research tools.

The uses may be one or more applications from a diverse range including
- removal of or binding to specific components of membranes, agents that

xi



xii Preface

block specific physiological processes (cholinesterase inhibitors, general de-
polarizing agents, sodium pump blockers, etc.), antibiotics, and pesticides.
Finally, the contributions help extend application of the techniques, pro-
cedures, and results to other relevant problems in physiology, pharmacol-
ogy, and other fields. In a more general sense, this information will prove
to be invaluable to scientists engaged in biological oceanography and
comparative physiology.
We are grateful to Mrs. Susan Padilla for technical assistance.

Dean F. Martin
George M. Padilla
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CHAPTER 1

Marine Biocactive Agents:
Chemical and Cellular

Correlates

MARION T. DOIG, III, DEAN F. MARTIN,
and GEORGE M. PADILLA
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B. Physiological Properties .. .... ... .. .. .. ... ... ... ... ... ... 18
III. Chemical and Cellular Correlates. . ... .. ... . ... ... ........... 24
A. Baxitoxin-Tetrodotoxin. ............ . ... ... ... . 24

B. Alginic Acid. . ...... ... ... 27

IV. Conclusions..... ........ . . .. ... . 30
References. .. ... .. 31

I. Introduction

A. Concept of Biodynamic Compounds

A natural compound from the sea usually comes to the attention of
biologists because it exerts a striking (and most often toxic) effect on other
organisms in the marine community. Greater emphasis has thus been
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4 M. T. Doig, II1, D. F. Martin, G. M. Padilla

placed on biotoxins or venoms than on any other class of compounds de-
rived from the sea. This treatise is an attempt to compile studies on bio-
toxins. Yet the definition of compounds of interest to the scientific
community must be widened beyond the area of toxicology to include what-
ever ‘“bioactive compounds”’ may occur within natural products. This
follows the suggestion of E.P. Chain (as cited by Halstead, 1968b) who
used the similarly general term ‘“biodynamic substance” to prompt the
discovery of new drugs and toxins in what may be termed systematic
toxinology. A bioactive substance is, therefore, any substance other than
food that affects the structure and function of another organism in the
marine environment. Biotoxins represent a somewhat more restrictive
category, partly obscuring the fact that many ‘‘toxins” ultimately lead
to the production of useful drugs, particularly after careful isolation,
characterization, and alteration by synthetic means (Baslow, 1969, 1971).
The term “drug” need not be limited to.its strictly medical usage, but
should be synonymous with the term ‘“bioactive compound,” as it also
denotes any chemical substance that affects a specific physiological func-
tion (Fingl and Woodbury, 1965). '

The main purpose of this chapter is to focus attention upon specific
cellular effects of representative bioactive compounds and to correlate such
pharmacological activities with the chemical uniqueness they possess. We
have also sought to include other bioactive compounds not fully described
in this volume in an attempt to acquaint the reader with new and, as yet,
not fully investigated sources of pharmacological materials.

B. Pharmacology of Natural Products

A wide range of useful drugs has been isolated from plants (and ani-
mals). Although it is impossible to compile a full inventory, these drugs
include analgesics, antibiotics, anticoagulants, antileukemic agents,
cardioactive agents; enzymes, hormones, narcotics, and vitamins. The
utility of these drugs was documented by a recent survey; more than 479,
of new prescriptions contained drugs of natural origin as either the sole
ingredient or as a component (der Marderosian, 1968).

The record of success in isolating new drugs from terrestrial plants is
moderately impressive. At least 10,000 of the more than 400,000 species
of plants have been sereened chemically and/or pharmacologically to some
degree. The successes are even more significant when we consider how
many plant substances may have been less than thoroughly screened and
prematurely rejected. .

By comparison, the potential array of marine bioactive agents should
be even more impressive. For example, approximately 80% of the earth’s
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6 M. T. Doig, 111, D. F. Martin, G. M. Padilla

PRELIMINARY ISOLATION
Drug suggested by analogy or
general screening program

SCREENING AND DISCOVERIES
Unique or potentially useful
biological activity is found

SOURCE MATERIALS
Obtain enough material for
isolating and characterizing

the active compound(s)

EFFECTIVE CHEMOTHERAPY
Test for efficiency in treatment of animals

| CHARACTERIZATION AND SYNTHESIS |

[ MASS SCALE SYNTHESIS |

PHARMACOLOGICAL STUDIES
Testing for drug activity and safety

GOVERNMENTAL APPROVAL

1. Disclosure of complete drug source,
manufacturing information

2. Preclinical results disclosed

3. Future research plans and other
supporting data

CLINICAL EVALUATION

1. Testing with human volunteers to determine
metabolism, absorptions and elimination,
side effects, safe dose range, preferred
method of administration. Obtain thera-
peutic index (value versus hazards).

2. Initial diagnosis test

3. Outside controlied tests

MASS PRODUCTION
Economic, governmental, technical limitations apply

MARKETING PROCEDURES
Economic, governmental limitations also apply

Fia. 1. Flow diagram for the isolation and production of drugs from marine sources.
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animal life lives in the ocean and comprises 500,000 species in 30 phyla.
And, according to Halstead (1965, 1967, 1968a), biotoxins are found through-
out the entire phylogenetic series of marine animals (Table I). Of all these
biotoxins, perhaps less than 19, have been examined for pharmacological
activity. Probably, fewer than two dozen have been fully evaluated as to
their chemical and pharmacological properties.

This paucity of known drugs from marine sources is surprising consider-
ing the potential value of plant sources alone (Table II). There are some
explanations for this lack of substances. One problem is economic; it costs,
on the average, about $40,000 to isolate an active agent and about
$7,000,000 to develop and market from it a useful drug (D. F. Martin,
1970). A second problem is the lack of an interdisciplinary team (except
in a few isolated situations) for isolating, screening, and developing the
product. Other obstacles include those common to isolating drugs from
terrestrial sources: harvesting and patent problems (Fig. 1).

Harvesting may be a formidable obstacle if an analogy to terrestrial
organisms is valid. The useful drugs in these organisms (alkaloids, enzymes,

TABLE III

UseruL BioacTive CoMPOUNDS ISOLATED FROM BENTHIC ALGAE

Compound Source Uses
Kainic acid Digenia stmplex Anthelmintic against parasitic
(Fig. 4) round worm (Ascaris lumbri-

codes), whip worm (T'richuris
trichura), tapeworm (T'aenia

spp.)

Domoic acid Chondria armata Exterminates Ozyics and Ascaris

(Fig. 6) worms

Laminine Laminaria augustata (and about Hypotensive agent

(Fig. 9) 20 species of Laminariaceae)

Laminarin Laminaria caloustonii and Anticoagulant, heparinlike

sulfate other spp. activity, antilipemic

(Fig. 10) . properties

Alginie acid Kelp, brown seaweeds, Fucus Tablet-disintegrating agents,

(Fig. 11) - spp., Macrocystis spp. derivative, blood anticoagu-
lant sodium salt, inhibits
strontium uptake from gastro-
intestinal tract

Carrageenan Chondrus crispus Antiviral activities, antiulcer

(Fig. 2) ' properties, anticoagulant,
. antithrombic activity




