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FOREWORD

‘THIS MONOGRAPH on the role of algae and plank-
ton 1 medicine 1s a tumely one It 15, so far as the present writer knows,
the only medical survey of the field, and 1t appears at 2 time when special-
1sts 1n vatious non-medtcal branches of biology ate exhibiting a keen inter-
est in the subject ‘The literature 1s expanding so rapidly that st may soon
be difficult to keep abreast of the advances

Although algae and plankton have been empincally utilized as food
since ancient tumes, scientific observations were at first linuted mamly to
academic botanical aspects In recent years, world food shortages have
focused attentwon on the 1 utlity of these sut for man and
the animals upon which he 15 depend: An amp Ilaty—th
relationship of these forms of life to clintcal medictne—appears to have
been neglected until the present publication

It should be stressed at the outset that the authors have been content
merely to pomnt out the great medical potentral of algae and plankton,
rather than to promote panaceas Nor have they sought, with therr his.
torical references, to justify varrous dietary regumens and practices of
primutive medicine  The fact that addrtional investigatsons mught ratronally
explan ancient or aborigmnal medical practices 1s presented merely as a
matter of interest rather than importance

However, in the optnion of this writer, no apology would be necessary
even 1if the authors had utilized the hsstorical approach and examuned
modern medicine 1n the light of primitive conceptions Even Hippocates,
in his “On Ancient Mediane,” stated that the greatest medtcal discovery
up to his time (400 BC) had iavolved countless experiments ranging
from feld to kitchen and finally resulted in the baking of bread Perhaps
the discovery of sugar was almost as complex The historical approach
would also have revealed that ainchona for malania, 1pecac for amoebic
dysentery, chaulmoogra for leptosy, 1ron filings for anemia, and digitalis
for the heart all represent refinements of the dross of folk mediane and
likewsse require no apology. Pertinent examples can be aited from med:-
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cine of the present century About 25 years ago, Indian physicians brought
reports about the action of a drug and specimens of the preparation to the
writer for evaluation 2nd caticsm.  Preoccupation with seerningly more
pressing problems led to filing the reports and discarding the specimens
Had time | d an Ifia mught have entered medi-
ane at that trme

The authors ate less concerned with past neglect than they are with

h g possible drate medical appl in2p ing field
Mach nmpomnk data has been p d on hysiological,
toxtcological, and public health problcms Also, some mhcr interesting
clinical | b have been prop d, particulatly n the neurologic
realm Smce a vast majonty of the references included in their excellent
ibliography are dertved from non-medical sources, the implication of
neglect by physicrans does not seem unwarranted

Although countless other subjects occur to the wrter (and, it 3§
hoped, to the reader), an unwrtten rule must be obeyed the troduction
should not be fonger than the actual text In summary, the authors have
surveyed the world literature on algae and plankton in relation to medi-
ane, They have appended an excellent bibliogtaphy of widely scattered,
but generally avaslable, references, most of which will not be found 1
the usual medical index They have accented the recent lLiterature dealing
with promising fields of investigation and possible application to current
medtane  There has been made available a conase mtroduchion to 2
subject as old as recorded medical history, yet so new that many medical
tavestigators do not realize sts exsstence.

Linn ] Bovp, MD, FACP
Professor of Medicine

The New York Medical College,
Meteopolitan Medical Center



CONTENTS

FOREWORD, by Lisn J Boyd, MD, FACP, v

1. INTRODUCTION, 1

Increasing importance of algae and plankton Multiplecity of reports 12 non-
medical publications, Physicans’ general 1gnorance of subject Objectives of book

1T DEFINITIONS AND CLASSIFICATIONS, 2

A ALGAE, 2
Definttion  Distribution znd habitat  Size and structure  Metabolism and
Role of Confuston 1 Current classifi-

catron 1ato seven Divisions Most impottant groups

B PLANKTON, 3

Interrelationstup of algz! and plankton Deﬁmuons Slgmﬁﬂncz n :qmuc
nutritional cycle
Hekistoplankton  Littoral, benthal, and lumnetcc growlhs Vasiation of growth with
enviconment

III MACROSCOPIC ALGAE (SEAWEED), 5

A NUTRITIONAL ASFECTS, 5

Seaweeds as food 1n ancient times  Populanty in Oient  Daversity of names
and uses Purple laver Green laver Dulse Agar and ssengtass Irish moss
Seaweed bread Sausage castngs Custard powder Nutntional content Prepon-
derance of carb Structure of Pauaty of proteins  Amino
acds  Lipid content Minesals and teace clements Todine Seaweed as fertilizer
and anmal provender Feeding experiments Neurologic disorder in lambs, Rela-
tion to “swayback ” Effectiveness of supplementing diet with copper

B Meoicvar Uses, 13

Legendary and empurical ongins  Emplogment by Chinese Lavers for
throat ailments, gouter, and dropsy Seaweed dervauves for menstrual difficaltacs,
abscesses, cancer, and 1nflammations. Brrds’ nest soup as sphrodisiac, Algal prepara-
tions 1n India for bronchocoele and gorter Syphilis  Poultices of flamentous algae
Hawausan extracts for digestive disturbances Scabies Constipatton Earache Gouter
Renal disorders, Infections and sprams. Roman use of algas for sores, wounds,
and gout Corraline a5 external absorbent for skin lesions, 2s tnternal absorbent for
hepatic and digestive disorders “Sea lettuce” as source of salt for Iroquoss. Jodine.
contasang seaweeds in thyrod disease  Agar s bulk, demulcent, and absorbent in
gastro-intestinal disturbances Scaweeds as anthetmintics  Irish moss as respiratory



viti CONTENTS

demulcent. Careagheen poultices, Scrofula, Dulse for pyrexia Bladderwrack and
agar 1n obesity Stpes for fistulas, wounds, and lzbot Present status of agar, algin,
and carragheenin  Seaweed “gums” or phycocolloids, ‘Trichomonal vaginitis
Cellular plasms of manne algae  Agar as culture medium and ss vehicle for medica-
tions Algin combined with oral and parenteral medications. Posstble allesgenicity
of algmates. Algnates 1 constipation and other digestive disorders Other uses of
alginates 1n medicine and deotistry. Phycocollosds 1n darry and baking industries
Antbiotic p of algae. A actinity of algal deriva-
tives  Laminanin as blood plasma substitute Radiosctivity of algae exposed to
atomuc explosions

C Miscerraneous Uses, 21
Drverse and exotic applications of macroscopic algae

IV PLANKTON, 22

A ZOOPLANKTON, 22

Definition and composstion Distrsbution of various types  Marine z00-
plankton as food for salors Earleest reports on eating of 200plankton  Biochemical
analyses War interest m zooplankton Tidal flow filtration  Studies at Heligoland
Plankton content of Russtan seas, Bntish and American observations Effect of
zo00plankton on water requirements of castaways Human feeding studies Rat
feeding with maeme and fresh water zooplankton Experience with plankton by
passengers of the Kon-Ttkr, the Heretigue, 2nd the Seven Lustle Siiters

B PHYTOPLANKTON (MICROSCOPIC ALGAE), 27

1 GENERAL NATURE, 27 Compositton and chief types Basic role as ulti-
mate autnient of marme Ife  Effect on color and phosphorescence of sea Ear]y
studies on mucroscopie 2lgae  More recent ob on culture, p
and metabolism Review manuals on microalgae

2 METABOLISM, CULTURE, AND NUTRITIONAL VALUSS, 29, Importance of

as world food Excellent blity. High content of

protesn, 2muno acids, Iiprds, vitanuns, and mnerals Comparative anafyses of algac
and feld plants. Cellylar structure Key pigments chlorophylls, carotenoids, phy-
cobilins  Dustibution, nature, and functions of pigments Protoporphynin precut-
sors Chlorophyll 2nd heme Vital role of pigments m photosynthesis Fluorescence
Algae without prgment  Algal reproduction Brnary fisston. Sexuzlity and chemical
factors  Phases of algal growth tn culture. Environmental aad nutment effects
upen algal composition Enzyme systems  Algal proteins and ammno acds. Nitro-
gen fixation tn algal culture Nitrogen fixatton 1n agneulture, Algal carbohydrates
Importance of lipids Variability of quantty and quality of lipids Chemical
charactenssues. Sterols  Their use 1n synthests of sterosdal hormones  High vitamin
content of mucroalgae Vanations with environments] and enzymatic changes
Vitamin assays  Major requited nutzients  Trace elements or mucroputrients
Chelating agents  Unidentified growth factors Mass culture of mucroscopic algae
Basic requirements  Types of -ppmcus Puot plant studies 1n various countries
Feeding I y and aceeptabil




CONTENTS x

3 MEDICAL ASPECTS, 45

a Water Supply and Sewage Disposal, 45 Possible adverse effects of
orgmism: “Water bloom™ in fresh water bodies “Red tide,”
ed snow.” Unpleasant odoss of water due to phytoplankton. Origin
of bad odors and tastes. Mechanism of production Chemical substances present
Algal otls  Products of photosynthesis Products of algal decomposition Death of
fish and other aquanc ofganisms Oxygenaton Measures to contro) algal growth
Algal oxidation ponds for sewage treatment Simplicity and efficiency of oxidation
ponds  Algal oxidation to convert mitrogenous wastes to food proten Radio-
actrvity of phytoplankton 10 waters near atomic plants  Algae and mosquito control

b Antmal Intoxrcatron, 4§ Many reports of animal intoxication and
death due to toxic phytoplankton Table summary of 38 ncrdents of smmal ntoxi-
cation reported  Confusion with effects of microorgantsms, metathic and chemical
toxns, and passonous land plants Sympmma(ology varied Predominance of neuro-
musculac and resp: Joundice Weahness and
paralysis Convulsions Dyspnea  Negativity of autopsy studies Expenimental
stuches  Effects of Mrcrorystir extracts on netvous system, crculation, Liver, Degrees
of intoxication  Parenchymatous, hydropic, fatty degeneration, necrosss Studies on
toxins Thetr chemacal and physical natures

€ Human Intoxicasons, 53 Phytoplanktonic role Cliical pictures
dysenterral disorders, systemic aflergies, local allergic eruptions Table surmmary of
reported human reactions to phytoplankton Epidemic intestinal disturbances in
US Nauonal Parks and West Virginia Symptomatology  Associztion with algal
bloom 1n water supply Systemuc allergy to Oserllatoracese m Wisconsin Lake
Posttive skin reactions to Microcystss Local allergic phenomena  Utticarial “sea-
bathers’ eraption” Acute utticarca from “red tide” 10 Gulf of Mexico Dermatites
from phycocyanin pigment 1 Anabaena 10 Pennsylvanma lake indirect role of
phytoplankton 1n human disease states Prozosheca and Blaszocystis \a tropreal sprue
Microscopic algae tn mycotic skin lesions actinomycosis, paracocaidiosts  Relation
of antbiotic chlorellin” Agtibiotic ‘ phyceine  Antibacteral agents 1o St
choraccus and Prororyphon  Algae 1n the duagnosis of death by drowning  Intox-
catons resultig from ingestion of certata fsh Summity of 38 documented eprsodes
of fish possonung _Acute “paralytic” shellfish possomng Predominantly eurologic
Euology to ingestion of toxic Gen
yaulax  Nature of toxin 1n Gonyaulax Negatwity of autopsy findings 1n acute
paralytic shellfish poisoning Positive findings 1n chronically poisoned expermental
amumals Central nervous system changes Renal damage Other toxins from algac
Inhecent toxicty of puffer fish and some barracuda  Epidemics of fish possoning
during World War 11 Listing of passonous fish Climical classification of schthyo-
sarcotoxicosis  Tetraodon (puffer) posonng Nature of setraodontoxin  Clincal
macufestations  Gymnothorax (moray eel} powsoning Neusotoxic mamfestations
Creuatera snd sts chucal picture Scombrord posomng Histaminedike manifesta-
tions “Haffkrankheit” Relatson to contact with fish and plankton Sympto-
matology Pathologicat findings Methods of treating fish poisontng




x CONTENTS

V. DISCUSSION, 62

Need for lateral diffusion of knowledge between sciences  Meagerness of phy-
sicians’ lmnwltdge of algae and plmhon. Eaxly emphasis on sexweeds  Shift to

Recent i utility of seaweed
as femhzn and -mmal der. I of seaweed derivatives: alginates,
k sation and

food supplement. Greater poteatial of phytoplznkmn Inceeased food needs of
expanding population. Culture me!hod: “Aquaculture *  Hydropopics “Mari-
culture * “Manuring” the sea, Phyt ktonic feeding and bulity  Algal
cultures 1 atomic submarines and spﬂrc shxps Allezgxc deﬂ'nzundcs Respiratory
untations  Chrome sinusatis. N Acute

and myotoxtc disorders Multiple sclerosis Musculu dystrophy. Amyotrophic
lateral sclerosis Inadence in Chamotros Polomyelitis “Swayback ” Hepatitis
and cirthosis.

BIBLIOGRAPHY, 66

INDEX, 81



L INTRODUCTION

DURING THE PAST SEVERAL DECADES, there have
appeared increasingly insistent reports on algze and plankton—reports
concerned chiefly with developing 2 new source of food for 2 world
population rapidly outgrowing its arable land aress These articles, appesr-
ing in technical journalst1t 2ad in the public press, 128 have been
authored primarily by botanusts, itionists, econonuc philosophers, 2nd
lay saentific writers.

The concern of these individmals seems amply justified, not merely
by futute census potentialities, but also by actnsl present shortages These
include the frequent caloric famunes affecting mary nations, as well 25
the qualitative nutsitional deficienaes. The latter ate pointedly exemplified
by the dretary fat shortages 1 Europe during World War 11, the eotorious
hypovitamunoses of many Asians, and the recently highlighted proten
deficency, kwashiorkor,?.2% of the Afncans.

Wth the growng recognition of the umpostanes of outritve 2nd
b al sub in the p jon and therapeusis of disease, 1t 15
remarkable how sigalarly htﬂ: attention has been pad by the medical
press to algae and plankton. As Tilden®™ has so aptly put st. “Here 1o
America ooly 2 saull group of oollege professors of botany are familuar
with manne plants. Phycology has been 2 scfence far removed from all
cather subjects, It is too diffenlt for the biochemist, the zaclogest, of the
physicist to attempt to work with forms of which ke koows nothing, Ar
for physicians, the depth of their ignorance i the subgect it abysmal.”

The present monograph attempts to assemble 1 tangible form such
koowledge of algze and plinkton as mzy be pertinent to medicne—
knowledge which presently is diffosed in 2 wide variety of non-medical
publications. Such 2 compilation of background datz, of current concepts,
20d of future potential might conceivably serve as 2 stimufos for wider
activity in this feld.




IIL DEFINITIONS AND
CLASSIFICATIONS

A ALGAE

ALGAE ARE THE SIMPLEST FORM of plant Life30
The term “alga,-ae” derives directly from the Latin word meantng
“seaweed,31 but as used today encomnpasses many additional forms Whle
the vast majority of 2lgae are characteristically aquatse, some few species
have become adapted to growth in so1l and even in such exotic habitats
as floating icebergs Some ate unicellufar, others multiceliular, with great
variations n cellular structure They may vary in length from less than
one micron for the slimy growths, to hundreds of feet for the guant
kBlPS 32
Unlike the higher plants, algae possess no true roots, stems, leaves,
or sceds The basic metabolic processes of autrition and reproduction
ate all localized 1n the individual cell, without the transport system of
land plants The one feature common to 2il algae 15 the property of
photasynthesis—the utilization of light enetgy to coavert morganic to
organic substances By this method, algae can convert catbon dioxide,
water, nitrogen, and muneral substances into diverse types of proteins,
catbohydrates, lipids 2nd sterols, vitamns, and other metabolic com-
plexes 3333
Algae have been extenstvely studied duning the past sixty years, and
over 17,000 spectes have been described 3588 Their classification has
been vatsed, unstandardized, and 1n many astances sather badly confused
For many years, they were simply lumped into four principal groups
pased on gross coloration- green, brown, ted, blue-green 37 With ncreased
d, ding of p of bolic reactions, and of reproductive
mechantsms, algzc aee today classified mte seven main Divistons, each
subdivided iato Classes, Orders, Families, Genera, and Speaies’™4t:

I CHLOROPHYTA. grass greea, umcellular, multicellalsr, a few
macroscopte, cell wall of cellulose and pectins, mostly
freshwater, some marine

11 EUGLENOPHYTA. grass green, unscellular; motile; lacking 2 celt
wall, largely freshwater

-
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11 CrrysoruyTa: yellow green to golden brown (xanthophylls
and carotenes may mask chlorophylls) ; microscopsc, mostly
umcellular, cell wall containing silie (eg diatoms);
largely freshwater, but many marine forms

IV PyrrOPHYTA: yellow green to dark brown, xanthophylls pre-
dominant, unicellular, motile, cellulose cell wall; many
marine forms

V. PHAEOPHYTA. olive green to datk brown; mostly macroscopic,
cellulose and pectin cell wall, chiefly matine

VI CyANOPHYTA® blue green, phycocysnin; mmfticellular, but
usually microscopic; usually with gelatinous sheath, fresh
water, marine, some tercestrial

VII RuopoPHYTA® red, phycoerythein, usually macroscopic, pectin
and cellulose cell wall, mostly manine

These seven Divisions include over 2 dozen Classes, about sixty
Orders, hundreds of Famulies, and thousands of Genera However, only
2 few score Genera are of sufficient historical or current medscal impor-
tance to mertt 1ndividual attention Among these are the following:

CHLOROPHYTA  Chlorella, S:m:demm, Ulua, Nuyella, Chlamy-
domonas, Polytomella, Prototh Cladoph
Oedogonium

EuGLENOPHYYA Euglena

CHRYSOPHYTA lembm (dmoms)

PyrrOPHYTA Gy

PHAEOPHYTA: Macrocystes, Nnto:p‘tu, Lamnaria, Fucus

CYANOPHYTA, Chroococews, Microcystes

RHODOPHYTA. Porphyra, Gelidum, Corralina, Chondrus, Rbody-
menta, Gigartina

/

B PLANKTON

The terselationships of plankton and algac can be sunply illustrated
by the following schematic diagram

PLANKTON\ _ ALGAE
e k = Algae Algae
(Seaweed)
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“Plankton,” directly from the Greek, is defined by Webster®! as “the
passtvely foating or weakly swimming animal and plant life of 2 body of
waten" The term appears to have been first used by Hensen in Germany
about 1889, although Johannes Mueller collected microscopic organisms
as eatly 2s 1845 by dragging a very fine net through the sea3?

As used today, the tesm “plankton™ generally encompasses the count-
less billions of munute animals and plants (excepting bacteria) which
reside 1 water. This includes the algal growths seen fioating in fresh
water ponds or lakes, and also the mtnute ofgantsms 1 the sea. The latter
provide, directly or indirectly, the basic food for all forms of aquatic
life, from the smallest polyps to the largest whales, with each devouring
some form smaller or weaker than itself Whipplet? describes it thus
“Fush feed upon crustacea and insect farvae, the crustacea prey upon the
rotifera and the protozoa, the rotifera and protozoa consume algae and
bacteria, and finally algae nourish themselves by the absorptron of soluble
substances and gases provided in part by the decomposition of animal
and vegetable matter brought about by bacteria ** This biological sequence
1s perhaps mote graphucally characterized tn the old Chinese proverb

Big fish car lictle fish
Litcle fish eat shrump
Shemp cac mud

And the “mud” p the multitud, MICIOSCOPIC OFf
at the base of this amazing nuttitional pyrarmd!

It 1s apparent, then, that plankton exists 1 two basic forms, zoo-
plankton (anumal) and phyjoplankton (plant) s

1 Zooplank of plike ¢ floating fish
eggs and larvae; and larvac of crabs, molluscs, and 2 pum-
ber of other small animals, Most important, 1n volume and
edibility, are the copepods and kills. .

2 Phytoplank g almost exclusively of mi algae,
Main types are the diatoms and unscellular fagellstes

The term “ultraplankton” refers genesally to the most munute forms
(nzonoplankton) of manne plankton, as differentiated from the bulk of
phytoplanktonic orgamsms too large to be caten by young larvae Colets
suggests substituting the term “helustoplankton™ for greater accuracy; he
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defines 1t as including afl thase elements in plankton ten micra or less
in diameter of cell body. Other descriptive terms somettmes used are
“littoral” and “benthal,” wdicating growths along the shore or 1 deep
waters; and “lunnetic,” designating growths occuning in moving water

Of great practical importance 15 the fact that the quantities and
composition of plankton vary tremendously with geographical atez, sea-
sop, temperature, light, water depth and musrents, and nuwinent concen-
trations,

IIL MACROSCOPIC ALGAE
(SEAWEEDS)

A NUTRITIONAL ASPECTS

THE USE OF MACROSCOPIC ALGAE {secaweeds and
occasipnal fresh water forms) as Sood extends far back into antiquity,
mast notably m the Onental community 4 One of the earliest tecords
of algae 1s found 1n the Chinese Book of Poetry, circa 800 B C., wherein
“pondwend” and "duckweed™ appear as edible delicacies warthy even of
sacnifice to revered ancestors, Keferences to the emblematic beauty of algac
are made 1n the Book of History s0d 1n the Analects of Confuctus 4

In the Far East, seaweed genencally goes by various namest™: in
China, 1t 15 called Aai #5a1; in Japan, nors; 1 Guam, fumut, 1n Tahity,
rimu; and 1n Hawaiy, Jimu, Hawaii has the largest vanety of edible sea-
weeds in the world~-75 types—but these ate not ali of chowe quality
The considerable regard the Japanese mandfest for algal foods has been
related to the fact that, apant from nce, they have very few vegetables
Yet, in spite of the numerous types of seaweed avaidable, st 3s striking
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that seaweeds provide less than one per cent of the total vegetable food
of the Nipponese.

Although scores of different seaweeds have been eaten in various
parts of the world, only a few have enjoyed truly widespread consump-
tion 4849 Probably the most cosmopolitan seaweed, in geographical dis-
tribution and usage, has been the 1. cous Porphyta, Iy
known as purple laver The Chinese used 1t mainly as a base for soups
Called Amanors 1n Japan, it was at one tine considered one of the most
important food plants in that Jand, and was consumed chiefly as a salad
It grew both naturally and under cultivation 1n susrounding watess, in
fact, the most famous grounds for cultivatton of Porphyra tenera were
1n Tokyo Bay itself ‘The purple laver was also well known i the Brtish
Istes 2nd 1 France, 1t went by such diwversthied names as sloke, slonk,
slack, sloucawn, and marine sance lts preparation was also more varied
here The Europeans not only used it as a salad, but they also fried it 1
fat, or boiled it into a dark brown semi-flurd breakfast dish, or even
baked 1t 1nto a laver bread The Brtish sometimes sealed the fresh plaat
hermetically for use as a food by the crews of whaling vessels In Alaska,
the use of Porphyra as “sea lettuce” was common with the Indians On
the Pacific coast, from Canada to Mextco, Porphyra perforasa was the only
local seaweed 1n common use

Green laver, or Ulva lactuca, was known to the Onientals as Wakone,

but was chiefly eaten i Scotland, esther as a salad or as a soup The
kelp Lammarta japonrea was utilized pnmanly as a soup ingredient by
the Japanese (who called st Kombu) and by the Alaskan Induns. Dulse
{(Rhodymenta palmata), also vanously designated as water leaf, sea kale,
dilluk, sol, and cramnogh, wis one of the favorte seaweced nutrients
1a Scotland, Ireland, and the northeastern United States 1o the nrneteenth
century It was chewed fresh or after drying, or used as 2 flavoring, salad,
or relish

Outstanding among seaweeds finding 2 place 1n the cusine were
those of the Gelid family Gracdlarsa luchenosd lidrum cornewm,

and other closely related species were the pnme source of agat, familuatly
referred to as seaweed ssenglass and kan ten (“cold weather”) The latter,
a pearly white, shiny, transparent, tasteless and odorless extract, was in-
troduced by the Chinese to Japan n 1662 A.D. It was consnmed mainly
as a soup stock, summer yelly, dessett, or candy. Chondras erispus (Rhodo-
phyta) became highly popular in the production of jellies This alga was
the source of Insh moss, also designated as carragheen, Dorset weed,
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pearl moss, jelly moss, rock moss, gristle moss, and Tsunomata (among
the Japanese) This was the seaweed so popular in Ireland and in the
United States in the making of blunc mange Chondrus crispus and
Laminarsa saccharina were at one time combned on the cozst of Armortica
to make a jelly-like “pain des algues” or seaweed bread

The general utilization of seaweeds as food in Europe—particularly
1n Scotland, Ireland, and Scandinavia~dimmished notably in the latter
half of the nineteenth century With the food shortages incident ta
World War 11, there was some revival of interest in macroscopic algae
It has been reported that German oceupatton troops in Norway budt two
bakeries to make bread from dned algae which had heen desalinated and
ground #7 German technicians are also credited with having fabricated
from Norwegian seaweed an edible casing for sausages wesghmg one-
twenty-ninth as much as cellophane * Prior to the war, the English made
2 custard powder from brown seaweed, the New Zealanders were market-
ing 2 stmilar product after the war In 1944, Yarham*7 told of a botanical
banquet some years earhier 1n Wisconsin that featured a dehydrated algal
menu  fried seaweed, putce of seaweed, roast seaweed, and devilled
seaweed!

1t 1s clear that the employment of mactoscopic algae as food was on
2 purely empirical basis—some of st founded on local custom, some on
superstition, some sumply on the belly-filling qualities of seaweed and
its freshwater relatives As with many other traditional practices, modern
science has tried to explain, post facto, why the ancients were actually
night That many macroscopic algae ate edible and not potsonous 15 amply
evidenced by the survival of both the custom and the customer That these
algae are also endowed with some destrable nutrstional qualities 1s being
gradually d { The exact comp has been d d for
oaly a relatively few species Even in these, marked vanations are found
from crop to crop and season to season 8951 The main components appear
to be a vanety of carbohydrates, some proteins and fats, muneral salts,
vitamuns, and water

Carbohydrates are present 1n large amounts, chiefly as cell wall com-
ponents and as intracellular storage matter.#?52-5¢ Most of them are of 2
heterocyclic six-membered pyranose structure Glucose and other reducing
sugars are either absent, or present 1n only trace quantities Free pentoses
are Iikewise of no quantitative signtficance Mannstol, 2 hexahydrse alcohol
dertved by reduction from mannose or fructose, 1s found in amounts up
to 30 per cent of dry weight 1n species of Phaeophyceae Mannitan (as
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mannitol anhydnide), dulcitol and sorbitol (mannitol isomers), and flori-
doside (a glycerol-D-galactoside) all ocour in vatious species of Rhodo-
phyceae. Trehalose, 2 glucopyranoside, is present only in fresh water
species of Rhodophyceae. The chief intracellular reserve products in many
species are glucose poly Thus florideaq staech is ch istic of the
Rhodophyceze, it is composed exclusively of glucose residues, but differs
from ordinaty starch m contuning a large proportion of 1:3 Jinkages
and 1 bemng able to restst the effect of g-amylase The Phaeophyceae lack
starch and allied substances Lammatin, another glucose polymer found
n some Phaeophyceae, comptises up to 25 per cent of the plant on 2
dry weight basss,

Cellulose 15 the mam cell wall component n the Phacophyceae and
Rhodophyceae, and 1t makes up from 2 0 15 per cent of their dry weight.
By chemical and radological examination, 1t appears to be sumilar to the
cellulose of higher plants Other related carbohydrate substances in algae
snclude chitn, pectin, and hemycellulose Algn, a charactenstic intra-
celtutar substance of the Phaeophyceae, forms about 25 per cent of the
seaweed on a dried basts, It 1s 2 caloum-magnesium salt of alginic acd,
a polymer of 8-D-mavnuronic 2aid Xylan, a polysacchanide from which
xylose is derived by hydrolysss, has been found in Rbodymensa pelmata
Other mtracelinlar polysacchandes, composed of residues estenfied by
sulfuric aad, include ager-agar, carragheenin, and fucordin.

Relatively little 15 known about the protein components of macro-
scopic algae, except that they are present in only small quantity and that
they are mimimally assimilable by human bemgs Accotding to Cameton,?®
analyses indicated 6 85 per cent protein tn Gelrdium cornenm, and 5.49
to 3 82 per cent un various species of Lammarta  Analyses of vatious kelp
meals and feeds for anumals (who may utilize contained proteds better
than humans) indicated levels of 704, 13,12, and 5.60 per cent, o
spectively At the 1952 I ional Seaweed Symp 58 the Youngs
indicated that the proteins and peptides were difficult to extract from
algae, with only 50 per cent being obtained even by strong atkal. The
nitrogen of vanous common brown seaweeds consisted of volatde base
nitrogen, nitrate pitrogen, and residual Kjeldahl nitrogen E. T. Young
also stated that the a-amino-nitrogen after hydrolysis was always lower
than the residual Kjeldahl nitrogen because of amino.acid decomposition
The amino-acids found on acid hydrolysis of Lamtnaria saccharma and
Alaria nodosum ncluded glycine, alanine, valine, leucine, aspastic acid,
senne, glutamic acid, threontne, proltne, phenylalanine, Iysine, and argin-
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me. Some algae have also been shown to contain nucleic aads, and some
various water-soluble peptides 57-60

The lipid content of macroscopic algie may vary from zero to 3 or
4 per cent Of the fatty acids id: d, the are the
ones with 16, 18, and 20 cathons ‘These are present sn most algae, with
the exception of Alarsa crassifolsa, which has over half ats fatty 2ads 1
saturated forms The predommant algal fatty acid 15 the 16-carbon palmutic
acid Besides these fats, there are varying small quantittes of such lipord
substances as photosynthetic pigments, sterols, and hydrocatbons 9163

The muneral ash content varied from 5 0 to 389 per cent 1n 2 number
of reported studies The water-soluble ash exceeded the msoluble frac.
tion by as much as four or five times One 1nvestigation of kelps® listed
rdentified substances and thetr percentage of the total ash as shown
Table I

TABLE 1
Sulfates 63411 24% Pousssium 9 40—10 3%
Calcrum oxde 335— 446 Sodium 10 5115 57
Magaesum oxnde 199— 434 Chlonne 27623259
Phosphates (as P,0s)  252— 560 Todine 006— 009
Bromrae Trace

The seaweeds contaning the most rodine ate Lamnarsa digetata,
Laminaria b Fucus ve 1. and Sacch brlbosa The
nichest 1 bromine 1s Freus serratus

Vitamuns 1n good quantity have been found m some vameties of
seaweed 1nvestigated 47 Vitarmin A has been demonstrated 1n the sea
lettuce Ulva lactuca, Laminarta digitata, and Codrum tomentosum, zs well
as in ground meal prepared from Pacific coast kelps This vitamn 15 even
more abundant 1n phytoplankton, which will be discussed later

Freudenthal®® in 1949 conducted biological mvesttgations on three
species of algae from the coast of Denmark—Frrcellarsa fastzgrate, Fucus
serratus, and Fucws vensculosus He reported that they possessed 2 growth-
promoting and anti-xerophthalmic vitamin activity (in Wistar rats) ex-
ceeding that of the best Dantsh summer butter He also clumed that
feedung these algac prevented the epithelial dpsplasia and rickets that

loped 1n anumals d on vitamin-deficzent duets hal,
incidentally, takes issue with the common belief that rickets 1s related
to Vitamun D deficiency, he feels that the disease is “the retarded, in-
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tubited growth dynamics of cartilage and bone caused by a suboptimal
intake of Vitamin A"

‘The American brown kelps, Phacophyta, studied extensively for their
vitamin content, wete found nch in thiamin, niacin, and riboflavin
Norris and othess®® found a thizmin coricentration comparable to that of
many fruts and vegetables in Alarta valida, vartous Laminaria species,
Porphyra nereocysits, Rbhodymenia periusa, Ulva lactura, and especially
Porphyra perforata. The Vitamin B values of these algze were determined
1n tats first fed on deficient basal dtets for about two weeks, when weight
loss and cessation of growth took place. There appeared to be no loss in
Vitamin B actvity from drymng the 2lgae, nor was there any noted refa-
tonship to the depth of the water from which the algae were harvested

Ltmu eleele and Limz Ipoa, edible Hawauan seaweeds, were found
by MillerS? to be poor sources of both Vitamins B and C. Only small
amounts of Vitammn C were found 1 dulse (Rhodymensa palmata) How-
ever, concentrations comparable to those 1n lemons have been reposted
1n both purple and green laver Generally the spring 2nd autumnp har-
vests of seaweed are highest 1n ascorbic acid content Unlike the case
with Vitamin B, seaweed collected from Iittoral zones is sicher in Vitamin
C than that obtained from deeper waters Although ascorbic acd 15 usually
destroyed by the drying preparatory to shipment of seaweed to market,
coastal populations still derive significant quantities of the vitamin from
eating the fresh algae 6869

The occurrence in seaweed of the Vitamin D precursr, exgosteml,
has also been recogaized 7 Sauvageau reported marked anti-tachsttc bene-
fits m 25 buman subjects fed vanous macroscopic algae ™ In 1932,
Ericson® reported the presence of Vitamin By, folic acid, and folmic
acid 1 vanious brown and red seaweeds from the Baltic and North Seas.
The By, content of some of these was comparable to that in ltver The
presence of a-tocopherol 1n seaweed was noted by Brown.??

Norris®® would appear to have been correct when he wrote 1n 1937.
“Seaweeds contain 0o sterch, and the complex carbohydrates which are
present are not readily hydrolyzed by the human digestive enzymes. The
value of [macroscopic) manne algse as food 1s due marnly to the n-
organic salts present and the vitamms. It 1s possible, however, that
broader chemical studies 1n the future may disclose more assumilable sub-

stances; and 1t 15 also concervable that matetials which 1 titro prcscndy
appear icutile may be shown to be othetwise m wuro. At any fate, the
nutntional compositions 2nd values of the macroscopic algae are in stnk-
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10g contrast with those of certain microscopic algae to be discussed in
another section.

While the direct nutntional uhlity n humags has been Limited, the
readdly available hundreds of thousands of tons of sesweed might well
be more effectively exploited in agnculture and industry Seaweed has
been used as a fertilizer in the coastal portrons of southeast Asta for
many centuries, Even in the foutth century, Pallrdus mentoned the use of
seaweeds in western lands as a partial substitute for manure 78 To this
day, partiularly 1n Besttany, Nortoandy, and the Chaneel sslands, algae
are used in soil conservation  Matrett™ has attrsbuted the small size and
small bones of Jetsey cows to a calcum deficiency associated with the hegh
1odine content of the grass, a state resuling from the application of sea-
weed fertdizer to the ground. The todine content of algae is highest 1
the fall and lowest in the spring, with manne spectmens containing much
more than freshwater ones According to Lunde and Closs,” rodine—
whether derived from seaweed fertilizer or meal—causes an increase 1
the iodine content of the cow’s mdk, but this changes nesther the quaatity
nor the quality of the milk That the cattle on the Isle of Jersey are free
from bovine tuberculosss, hoof and mouth disease, and brucellosss 1s
attributed by some to the use of algal fertilizers, 1t seems more reason-
able, however, to explain 1t on the sunpler basis of telative ssofation from
contagion

On the Paaific coast of the United States, Desmarestta, a brown sea-
weed, 15 believed to be possonous to cattle, possibly because of the free
sulfueic aced present 1n the plant 70 Ths has doubtless acted as a deterrent
to the widet employment of other algae in that atea

Many forms of algae have been used as dietary supplements for live-
stock. Caesar, 1n hus “Commentarses,” tells of saving a crucial battle by
feeding dried seaweed to Ius hungry horses when the supply of gram
becume exhausted A series of reports from 1745 to 1884 idicates that
vestock 1n the northern Brtish Isles and in the North Sea areas were
encouraged to feed on algae washed up on the shore; 12 addition, the
matives collected and muxed the seaweed with conventional fodder %
Large aquatic plants reportedly have also been used as forage for cattle
10 Yugoslavia for many years 4 It was not untld Woeld War 1, however,
when the French were confronted with a shortage of oats and othet
grains, that any strong interest was manifested in the provender value of
seaweed The mulitary service then began studies on the nutrient effect
of seaweeds on horses and cows.
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Sauvageau and Moreau?? reported that Fucus serratus and Lamnares
fexscandrs formed excellent animal aliment. Adrian®™ found in animal
expeniments that seaweed caused an increase in weight proportional to
the weight of the material ingested; seaweed was also credited with
sumulating the assimilation of conventional nutrients In other studies
at the Sorboane, cats and chickens were well maintained on seaweed
feedings Gloess™ found that macroscopic algse, when cleared of theit
potassium, bromude, and 1odide salts, made a satisfactory replacement for
oats 10 horses’ dets, they could also be used as a supplement to standard
rations for swine and poultry Beckman$® successfully mantained dogs
and hens on a baked loaf containing 2 mixture of grouad seaweed, 1ye,
and potato flour Irish moss was also used to feed cows, calves, and pigs
Frendenthal® 1n 1920 reported the use of seaweed as cattle fodder in lee-
lzod Duting World War 11, 2 dried seaweed meal was prepared in 2
factory 1 County Clare, Ireland, for use as a stock feed 81 Followmng 2
senses of studses with pigs, 1t was concluded that the main value of the meal
lay 1n mproving the total amount of digestible ration, Use of seaweed
for fodder has also increased 10 Sweden as 2 result of scarcities occurting
during the Second World War.

To guard agamnst adverse effects from seaweeds used in theit entitety,
1t has been found advantageous to mase the algae first in fresh water to
leach out excess salts 47 In some of the feeding experuments reported,
the animals requited from several days to 2 week or more to accommodate
therr dretary habits to 2 predominantly seaweed ration. Undernourished
anumals often responded better to algal diets than did well nourished
beasts From thrs it might be sucmused that scaweed supplements had
overcome some exssting deficiencres

Palsson and Grimsson®? have descubed 1n scawced-fed lambs 2
syndtome demonstrated to be associated with a generalized spotty neural
demyelmization The clinical picture resembles that in the previously £¢-
ported “swayback,” a disease characterized by muscular weakness, jncoords
nation, paralysss, and death ** Palsson and Grimsson state that supple:
meating the diet of the ewes with copper dunng the latter patt of
pregnancy markedly decreased the aadence, morbidity, and mortaltty of
this malady, They do not make cleac why supplemeatal copper should be
either necessary or helpful, siace the offending seaweeds showed 2 re-
Latively high copper content. It 1s possible that something in the seaweed
(or some contamenant on 1t) may have interfered with the proper utrleza-
tion of copper, or perhaps markedly increased the nced for it. In an
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interesting comparable situation, Dunlop tn western Scotland admnistered
single doses of copper sulfate to lactating cows fed on seaweed and
obtained 1ncreased butterfat production within 2 few days.8

B. MEDICINAL USES

The medicinal purposes to which algae have been put are mdecd
diverse447.71,9504 Therr origins are often clouded 1n musty legend and
hearsay, their rationale generally empincal The Chinese credit the
therapeutic qualities of algae to Shen Nung, the mythical First Farmer
or Father of Husbandry and Medicine, who supposedly lived about 3000
BC. The Materia Medica of the Chinese in the eighth century AD
desceibed onc alga thus, “Whole plant 15 officnal Taste bitter and salt
Natuee cold Nonpoisonaus . . . the bar #sao grows in Tung Har (Shan-
tung) in ponds and marshes, It 1s gatheted on the seventh day of the
seventh month and dried in the sun.” Of the seawced Porphyra coccsnea,
the Clunese Matetia Medica said* “This algal plant 1s a sort of Javer which
is green in the fresh state and purple when dry It grows on the seashose
« . .and the Fukienese . . press it into cakes It 15 not potsonous, but
when taken in excess it produces colicky pains, flatulence, and eructations
It is recommended in diseases of the throat, espeially goter

A related laver of the Porphyra grouping was the source of a pre-
paration called &'unpu, utilized for the relief of dropsy A sumilarly named
viscous solution, dwanpu ot hai tas, deaved from a Lamtnaria, was used
by the Chinese for menstrual dificulties They also used a seaweed con-
coction known as Jung-rhe-tsar fot abscesses and cancer,

For many years Chinese gourmets have used the nests of some
passerine birds (such as the sea swift) to make an exotic soup with re-
ported aphrodisiac powers, and mullions of these nests have been imported
from Borneo Although they were once thought to be made of 3 gelatinous
seaweed, Gracilaria spinosa, it is now known that the mamn constituent
is died avian salivary juice!

In upper India, an algal prepartion known as gillur-ka-pusts served
to treat bronchocoele Sugar wrack, Laminarta saccharing, was here con-
sidered useful agunst goiter, while in the Himalayas it was more prosai-
cally employed to treat syphilis, The ancient Polynestans used filimentous
algae to make poultces foc beuises, cuts, and imBammations The Hawanans
made watety extracts of Centroceras and Hypnea midifica for constipation
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and other gasts inal dsturbances. The primitive Maori

living sn close contact with their domestic animals, frequently acquired
their scabies; to treat this, they used Durvillea (“rimuroa™). The fatter
was also fermented with an extract of the poisonous Tutu shrub to make
a cathartic.

The Induns of Sitka, Alasks, devised an unique mechanical nostrum
for carache Utiluing the tube-like chasacter of the stipe of the bull
kelp, they placed the thin end 1a the victim’s ear and the bulb on a bot
wet stone, thereby allowing steam to enter the affficted external auditory
canal’ South Amencan Indians are reported to have valued Sargastum
dacerfer to cure goiter and renal disorders, just as many other primitive
tobes consideted bladderwrack helpful in inflammations, spraws, and
rheumatism

In the West, algae were exploited somewhat as 1n the Otient, but
to a much lesser extent The Latin poets Viegil and Horace (first centuty
B C) held algae in very low esteem Nevertheless the Romans must have
attributed to certan algae the property of healing sores; indeed the name
Confervae (Class Chlorophyceae) dertves directly from the Latin word
“confervere,” meaning “to solder ™ In additon, Pling recornmended cer-
tain seaweeds for gout, which the Romans knew only too well

Discorides, 2 Greck physician of the first century A D., recogaized
absorbent properties in white or medicinal corealine, Muscus corraltmus,
The powder from this alga was highly valued. It was prescbed s an
external absorbent for burns, skin abrasions, rashes, and scurvy; and s
an mternal absorbent for chronic gastsitis, heartburn, and dissrheas re-
sulting from hepatic and intestinal disorders.

The American Induns, according to Chase® did not believe in
the use of salt on food It seems that the Troquais, having occasionally
feasted on the white intruder, fearned that he tasted saltier than the red
man Stoce salt was “white man's style,” they avoided using tt, fitm in the
belief that salt would make theit hare turn gray and their toes turn up
before their ime. However, by taking “ses lettuce” or laver cach Spriog,
they supplied directly from nature the salt needs of their bodies, The
saline tastes of the froquois prior to Columbus' (or Lesf Encson's) visit
are not recorded.

Ine cases of goiter and scrofuls, anaent medical men were known to
prescribe calame sponges, watercress, and simular substances which con-
densed and fixed marine elements The Chinese Pentsao recommended all

the mediinal algae sn goner therapy, The fact that goster 15 practically
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unknown amongst the maritune Chinese and Japanese is doubtless due to
the abundance of jodine in thejr seaweed dietary supplements and
their fish foods In striking contrast is the noted prevalence of goiter in
Alpine inhabitants, who eat no marne algae, and whose agricultural
soil has been leached of fodine by ancient glaciers 9599 In the Andean
tegions of South America, the natives indeed learned to chew “goiter
sticks"—the stipes or stems of speaes of Phyllogigan—to counter the high
incidence of thyroid enlargement. Likewnse because of therr iodine con-
tent, the therapeutic use of oarweeds and wracks was common, Most
populac were Laminaria digitata and saccharina and Fucus vesulosus, the
latter being prepared as an 1nfusion Another favored way of administer-
ing iodine was in the form of kelp pills, ash, ot charcoal Charcoal kelp
was used under the name “Aethiops vegetabilis™ for goitrous and scro-
fulous swellings Coudert, 1n Geneva, was among the first to utilize 10dine
by itself as a therapeutic agent. In time 1t was found mote economucal to
derive iodine from the saltpeter beds of Chile, and soon thereafter the
gteat kelp industriss of northetn and western Europe began therr rapid
declipe

One of the earliest therapeutic applications of algae by the Chinese
and Japanese was that of the dervative agar 0 gastrowntestinal disorders
In cases of fever attrbuted to stomach conditions, their monks recom-
mended Gelrdium botled mto a jelly and spunkled with ginger and
sugar For relief from disorders cansed by extreme heat, an agar mulk
paste flavored with sugar and vinegar was given This preparation was
particularly favored for chuldren Gracilarra lichenordes was also utilized
as 2 demulcent 1n 1ntestinal and biadder difficulties

In more recent times, the U S, Dispensatory recommended agar as
2 laxative, eaten in small preces like ceseal with sugar and cream, or else
1 chocolate-coated form Its value as 2 laxative 15 due to its collondal
property of absotbing and holding water without beiag digested This
attribute makes it desirable as tatestinal bulk or roughage 9195 Agar also
decreases gastric emplying tune The jelly exteact of Trish moss, like agar,
was advised 1n general irritability of the alimentary tract Durtng the
Past century st was prescribed for gasteic ulcer, as well as for diarchea
and dysentery

On the eastern Astastic coast, a red alga, Digenea nmplex, was dned
and sold by Oriental apothecaries; its extract, “helmnol,” has been em-
ploged i the munagement of asczriasts and oxyuriasis.¥® In China, 2

of algae, including an E; rpha, 3 Chordzna, 3ad seven
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Floridees, was favored for its vermfugal virtues; it is thus not too sutptis-
ing that the Chinese credited practically all marine algae with such powers.
In Europe, until the end of the eighteenth century, vermifuges prepared
from the calcareous algae Lammaria officinal and ruben enjoyed high
public approval. In 1775, the Greek physician Stephanopoli discovered the
anthelmatic properties of the small red-tofted alga Aliidivm belmin-
thocanton, found at low tide along the rocky Corsican shotes. Additional
seaweeds of help 1n dewormung include Hypnea musciformis (particulacly
1n Turkey and Greece), two species of Chordria, the green fresh-water
alga Rbizoclonum vosulare, and dulse Employed by the Maoris of New
Zealand was yet another vermifuge, prepared from the bull kelp Darvillez

Trish moss, the red seaweed that flourished in Carragheen, was used
—after cleansing, curing, and bleaching—as a demulcent for coughs Its
mucus-forming qualittes made it popular 1 the nineteenth centuty for
pul disord; Iy, and for “ ption” particularly. The
putest Carragh prep Electum albissi , was used for this
puspose It was sometunes prepared as a hiver oul emulsion, Carragheen
was also used oceasionally to disguise the taste of bitter drugs A related
extract of Chorndrus crispus found usage 1n Wotld Was I in casing the
throat trritations of soldiers who had been gassed Carragheen has also
been denatured with whiskey and used Iiberally for coughs 1n some
Hibernian bars 1n New York 7

A distinctive French preparation, to serve m place of linseed meal
poultices, was cote 1 soaked in 2 Carragheen concoction, then dried
Other seaweeds considered useful 1n lung diseases and scrofula included
Gelidium cartdagmenm (n Japan), Dretyopterss polypodsodes and Stilo-
phora rhizardes (in the Mediterranean atea), and Lamimaria saccharina.
Trish moss also served as a demulcent 1 diarthea and 1 jentations of the
urnary tract In the middle of the eighteenth century, Scottish peasants
were said to chew dulse to nduce sweating in states of pyrexia

The bladderwrack Fucus vesiculosus also enjoyed 2 tole in certain
concoctions and “slinming teas” in the management of obesity 120 Its
therapentic mernit mght be attributed to 1ts 10dine content and its effect
upon the thyrod gland Agar, by wirtue of its bulk and relative in-
absorbability, also served in the of problems of ight. In
the surgical field, stipes or “stem pieces” of Lammnaria clowstoni, knowa
as Stipttes lanunarsa, wete utilized to widen fistulas and wound openings
because of their ability to swell matkedly following moistening  These
stipes wete also used n distending the uterine neck in f2bor.
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Despite the many old traditional uses of algze n therapeusis, the
early twentieth century German medical fists mcluded only Carraghbeen,
Agat-agar, Laminarta, and Fucus. ‘The direct medteinal uses of macroscopic
algae have dearly undergone a marked decline Certain extracts of sea-
weed are, however, of current significance n medical 20d parz-medical
fields The most important of these are agar, algin, and carragheenin
They ate extracted from algae by ether water or alkalt Though they are
hydrophitic colloids, they have often been erroneously referred to as sea-
weed “gums” The term “‘phycocollord” has been iatroduced as a more
cosrect designation Aside from the medical areas, these extracts are also
of value 1 the drug, food, and cosmetic industties because of their proper-
tres as gelling, suspending, emulsifying, thickening, and body-producing
agents

Shabein and Shapiro’®! in Russta have recently reported success 1n
treating trichomonal vaginitts with a Lamnarsa denvative Monceaux102
has enthusiastically advocated the use of the cellular plasma of marne
algae for a dwversity of clinical condittons He advises oral ingestion for
systemic diseases and defici and local appl. for d 1
afflictions Moncesux values seaweeds so highly because of the naturahistic
premise that they contain many of the therapeuttcally efficacious mmerals
and trace elements present 1n sea water

Since its utilzation by Koch#® 1 1881 for the culture and 1solation
of pathogenic mictoorganisms, agar has become an important adjunct of
every hospital and bacteriological research faboratory This dried and
bleached gelatinous extract of the red seaweed Gelidiaceae 15 produced
primanly by the Japanese; the Bntish denve some agar from Gigartina
It possesses the destrable property of absorbing water easily and swelling
up to 2 considerable extent Only when heated to boiling does 1t dissolve,
upon cooling it reverts to a somewhat colorless transtucent gel Agar ts
good as a solid culture medwm particularly because 1t 1s relatively nett,
not digested by most bacteria It has also been used as a sealer and coat-
ing for pulls, as well as a vehicle for lactic acd adminustered m ntestinal
infecttons

Algen 15 the common name for dersvatwves of alginic acid, such as the
sodewum, p and fum salts and the propylene glycol ester 19%
The discovery of algmic 2aid and the production of algm therefrom 15
credited to Stanford m 1885 47 Alginic aced 15 the hydrophilic collodal
polymer of anhydso-B-D-mannuronic aad It is extracted from the bm‘\m
algae, especially the gunt kelp Marrocyitis pyrifera, Lamnarta digiths
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and hyperbores 19 The action of therapeutic agents can be modified by
combinung them with alga, which is free of nitrogen and possesses 2 low
allergeniaty It lends stself well to ncorporation into medications to be
njected, since alginic soluttons are clear and colotless, soluble in hot of
cold water, and retentive of their smoothly flowing nature throughout
wide temperatuse ranges By varying the algin concentration only slightly,
1t 1s possible to control not only the viscostty, but also the rate of absorp-
tion and assimilation of medtcation 105 One example 1s the delayed-action
algin-epinephrine mixture being used tn allergic disorders 196 Another
is 1ts use in retacding the absorption of pemcillin and various myan
drugs 17 In this connection, 1t 1s interesting to note that Suzuki1%S has
been able to produce anaphylaxis in guinea prgs by intrapentoneal ingec-
tions of saline extracts of seaweeds common mn the Japanese diet Ouer,
on the other hand, has reported mmumal human sensitvity on intradermal
mjection of propylene glycol alginate mn 50 allergic and 50 non-allergic
ndividuals 108

Duffering results have also been repotted on toxaty and other
adverse reactions Mullis and Reed!! noted that sodium alginate does not
intecfere with caloum absorption in healthy human adults Gill and
Duncan!!? Iikewise observed no electrolytic alterations, nor any sigmficant
gastrontestinal disturbances  Nilson and Wagnert? fed sodium alginate
and propylene glycol algate to dogs, mice, and chicks; they considered
these substances harmless and “putnttonally wholesome, but bulky *
Chenoweth!!? reported 2 high degtee of toxicity 1n cats On ntraperitoneal
or intravenous injectzon of sodum alginate, he found large antemortem
mtracarduac clots, as well as frequent 1ndicanions of injury to the brain,
tver and kadney He asserted, too, that sodium aligaate thus given elevates
the erythrocyte sedimentation rate just as do the vatious gums Chenoweth
also found much towcty with the mitrate derivative, which also greatly
prolongs blood clotting time The dialdehyde derivative of algimc aad
was somewhat less toxic Solandti1¢ reported sodm algmate toxic for
rabbuts, while Frantz found the same with rats 13 Blaine!?® considered
that alginates make a good absotbable surgical substance, capable of being
used as a gel, foam, or gauze with a minimum of local tissue reaction.
He also used lamuinarin as a surgical powder s place of talcum 17 Some
of these disagreements 1n reported results may be due to product mmpuritics
or to differences in test aimals Others may be caused by vasiation 1 the
source of materials, thus, Solandt 20d Franz both used Zaminaria 25 the
origin of their alginates, wheteas Ouer used Mrcrocystis
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Because alginates are not subject to breakdown by gastric juices, they
have been used successfully 2 2 coating for medications designed to have
theli cﬂ"cmvc activity in the intestine. Alginates have also seen much

PP as hydroabsorbent agents in the m of ipati
Berger and his colleaguest1s idered the water-absorbing and retaining
properties of sodwm algnate superior to those of natural gums, methyl-
cellulose, and carboxymethylcellulose, They also found the aad-bmding
properties of sodiwm and calcrum algnate comparable to those of carboxy-
mediy‘lczll'ulosc. Gill and Duncanit® thought that alginates were less
eﬂ'cfﬂve in this respect than the carboxyl resins Mulinosi®® tested the
sod'xum and calcium salts of alginic acid in 60 humaas with colomic consts-
pation He found them effective, and thought that, even though the alg:.
pates swelled mumimally in water or gastric juice, they increased therr
°"g‘ﬂ.al bulk 25 to 35 tunes in the alkalinity of intestinal secrettons
Ludwig and his assocrates!?® compated the algmates favorably with the
catboxylic type of cation exchange resins in ther effect on intestinal
sodwum and potassmm According to Feldman, 2! human subjects tolerated
45 gm of algmic acid quite well It acted as 2 muld laxative, and 1t 1o
creased the fecal sodium and potassium to 16-20 per cent of that seen
with the common cation exchange restos.

Stace 1937, when Sears introduced the “reversible hydrocolloid
ladu:lic" 1 the preparation of dentures, the use of algmates in dentustry
has increased notably.122 With this method, the dentsst 15 able to secure
with one 1mpression reproductions of multiple cavity preparations, to
teptoduce undercuts without rupture or distortion, and to save chair time
for himself and the patient 128 In a simular fashion, algnates are used for
fixed bridgest?t and dental hemostasis,125-128 as well as for varrous types
of medical moulages 122

Algnates have also been put to the following medical uses

1. As an endaural wound dressing 130

2 As a mold for applymg skin grafts after exenteration of the
orbit 131

3 As 2 hemostatic in bram and thorsaic surgery,!®>% espeaally
to close the bronchal tree in pulmonary tuberculosis, and
1n extrapleural pneumothorax

4 As 2 decontaminant and treatment in sustard gas potsoning and
burns. 1%

5 As swabs 1n the bacteriological examination of eating utensils,
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since alginate “wools™ adsorb mote bactetia on wiping than
does cotton 138

6. As a replacement for tragacanth and other natural gums in the
manufacture of lubricating jellies 104

These diverse applications of the alginates utilize only a fraction of
the phycocolloid production of the United States Most of it is serving
the dairy industry By conservative estimate, for example, over half the
ice cream made s stabiized with algin to provide smoothness of texture
and body Carragheenun has found some utility as a stabilizer in bakery
products. 49

An antibietic property has been d to some algal
The natives of some Pacific islands wrap their fish catches in fronds of
certam local seaweeds to guard agamst rapid decomposition,#? but no
speafic antibotic has yet been 1dentified here  The antrviral activity of the
algal polysaccharides sodium alginate, lamaana, and facoidin has been
tested 1 chick embryos 1°7 While no toxic effect upon the embryos was
noted, nesther was there any upon the viruses. Pratt, Mautner, and theit

i 37 10 1951 d d an 17 ertro shibition of the growth of
Staphylococeus anreus, E coli, and P pyocyaneus by extracts of several
species of manne algac collected in California during the sprng and fall,
The same investigators'3® 1 1953 obtained jn ritro inhibition of the
growth of several Gram positive and Gram negative pathogens with ether
extracts of the ted alga Rbodomela larix They assert that the effectiveness
of these algal substances 15 not due to their 1odine content, but may be
on the basts of some bromunated phenolic compound

The gulant prop of algal sut have also received
some attention  Following the wdentification of heparin as 2 mucoitia
polysulfutsc 2cid ester, and the finding that blood coagulation was in-
hibited by pol. hand, I fied with sulfuric acid, Elspert®
in 1937 began testing natural polysaccharide sulfuric acid esters for anti-
coagulant effect Considerable anticoagulant activity was found in watery
extracts of the red algae Gelrdium, Chondrus crispus, Iridea Jaminaroides,
and Delesserta sanguinea. ‘The aqueous extracts of the brown algae Chor-
daris flagelliforms and Laptinaria digitata also had anticoagulant powers,
but of 2 lesser degree 140 The strength of these extracts was found to be
dependent upon such variables as seasonal fluctuations, length and extent

of deying of the algal fronds, the age of the extraction, and the amount
of heat to which the substances were subjected, Meunier, Molho, and their

b
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co-workers in France reported similar studies'41.142 with alginic denvatives
1n 1949 and 1951. Burt, at the Institute for Seaweed Research in Edin-
buegh,!9? in 1952 reported some heparin-like actvity in vitro for laminann
sulfate; others there reported even greater activaty the following year for
sodium laminarin sulfate used in rabbits and rats. These extracts contained
061 to 2.15 sulfate groups per glucose unit. Even though the evolution
of the coumann compounds has progtessed dously and had
owed most others, it is important to know the anticoagulant potentials
of algae Not only mught 1t be possible to perfect better agents in this
category, but it could also help assess possible undesirable effects from
eating certain algae

Blaine, working in Scotland and in Jamaica, studied the potentialitres
of laminatin a5 a blood plasma substitute, He used 1t successfully on
dogs in shock, small test doses in humans produced no adverse seactions
Wilkerson Likewise reported some success in admunistering lamunarm to
rabbits 1n shock 107

With the advent of the atomic age, concern has been manifested over
radioactivity of marine substances exposed to test explosions of nuclear
weapons. It has been found that elements of atomic weights 83 to 115,
and 127 to 154, are produced greatest concentration by nuclear fission
Studies are reported on the way on the uptake by seaweeds of radioactive
Todine, Caesrum, Rubidmum, Cobalt, and Selenjum 107148 The potential
effects of radicactivity on marine organisms ate only too cbvious.

C. MISCELLANEOUS USES

Not only have algac been useful in themselves, but they have also
supphied some exotic products which have been highly prized by certain
peoples For example, in the distant Siberian province of Kamchatka, the
natives employed dulse in the preparation of a potent alcoholic drnk
Sundarly the Alaskan Induans, in making an alcoholic concoction called
“hoochenoo” {sic!), used the hollow stipes of Nereocysts—aot for 1ts
intrinsic content, but for its mechanical attributes as a worm condenser
to cool the distilled spitits 144 The Irish, like the Alaskan nanves, used
dulse—washed, dried, then hand.rolled—as a sott of chewing tobacco
Duting World War I, considerable quantuties of dried karengp, a species
of Porphyra, wete used by Maori soldiers serving in the Middle East,
chewing karengo was asserted to be more thisst-quenching than chewing
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gum  On the ssland of Grand Manon, off the coast of New Brunswick,
the reddish-purple Jeaves of dulse are still considered a great chewing
delicacy 145

Pliny the Elder (first centuty B.C.) considered seaweeds valuable 25
dyes, as did the Roman ladies who used them for cosmetic purposes. They
availed themselves of a rouge extracted from the Fucus wracks (the word
Fucur 15 1n fact derived from the Latin word for rouge.) Even todsy, 2
simifar extract mixed with fish ouf is in vogue with Kamchatkan womea
wanting to redden their cheeks 116

Since the seventeenth centuty, a seaweed plue calfed “funosri” hss
been denved by the Japanese from the sed alga Glojopeltis furcata. s
main utility has been as an adhesive and as 2 swing for paper, fiber, of
dloth. In Europe, “kelp"—the burnt ash of certain brown seaweeds—was
used 1 glazing pottery and manufactusing glass, as well as a sovree of
soda. 147 The production of “kelp" was a big industry for a whole century,
until the development of the saltpeter beds in Chile made 1t uneconomic.

IV. PLANKTON

A ZOOPLANKTON

As PREVIOUSLY INDICATED, zooplankton is thff
vanety of plankton which consists of minute ammal forms 148350 Jt is
collectible 1 a 42 bolting silk net, and it is thereby scparable from the
main phytoplanktonic organisms (distoms and dinoflagellates), which
pass readily through such a net.

The chief comp of z00plankton are the copepods, prawas Of
krills, and fish eggs and larvae 15195 The most significant, in both bulk
and nutritional value, ate wsually the copepods, which feed 00 phy-
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toplankton 133 There have been about 750 speies of copepods identified,
averaging 20 to 5.0 mm in Iength The Cdlanus finmarchicus, for ex-
ample, is well recognized as an impottant food for many fish, and 15 very
abundzat during the summer around North Atlantic shores The colder
northern seas generally contain the latgest quantities of copepods, though
the Paatfic and tropical water offer more varieties The mysids and the
euphasids (krills) are the most noteworthy of the higher crustaceans,
they comprise some 400 spectes They are much larger than the copepods,
the euphasitds occasionally reacheng a length of 5.0 cm- As s commonly
the.case, these larger organisms live at deeper levels and come to the sus-
face only during the spawrung season They are then so plentiful 1 Ant-
arctic waters that the blue and fin whales feeding on them can attam 2
weight of sixty to seventy tons 1n two years3G O Susisated by C E
Lu% as having early discovered that most fish have planktomc eggs and
larvae Even herning, which Iay their eggs on the ocean bed, contribute
to the planktontc amalgam when their Jarvae leave the ocean floor znd
float to the surface

The use of zooplankton as 2 mutrient has been discussed with 1n-
creasing frequency since the latter part of the nmneteenth century
Although both fresh and manne zooplankton are potential sources
of food, the oceanic varseties have excited greater mterest 15198 A search
of the recent literature on zooplankton reveals a repetitive pattern of
reference to the same group of atticles One of the better summartes 15
that of Robenson and Bajkov?™® in thete 1947 sutvey of manne plankton
for the United States Army Atr Force

W A Herdman1® s frequently credited with the first publication on
the eating of zooplan} His single ph c ation to Narare
in 1891 related that eight yachtsmen off the coast of Norway breakfasted
well on cooked red copepods, probably Calanur finmarcbicus, st also men-
tioned that the Prince of Monaco had already considered the nutrient
potentralities of copepods for shipwrecked saulors Yet even in 1888
Greelyt6t had reported that men 1 his 1882 Arctic Expedition ate shrmp-
Like crustaceans so small that 700 weighed only an ounce In 1908, J
Johastonet? teported Brand's chemical analysis 10 1898 of dried copepod
Plankton as follows: protern 59 per cent, carbohydrate 20 per cent, fat
7 per cent, chitn 47 per cent and ash 9 4 per cent Shortly before the
fiest World Wat, Nansen183 reemphasized the potential value of plankton
to castaways In 1939, Seidenfadent®t wrote that sailors often considered
prawns a delicacy,
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In 1939, too, Geotge L. Clarke,? of the Woods Hole Oceanographic
Institute, wrote 1n Scxence that he had heard the Germans in Heligoland
were studying the use of plankton as a food supplement; he said they con-
sidered zooplankton nutmtionaily equivalent to the best meat, and phy-
toplankton to rye flour Clarke hypothesized that «f all the organic matter
10 marine zooplankton were assimulable, 1t mught yield four calones per
gramm Thus 750 gm plankton would be required to produce the 3000
calories needed daily to support a man If, as he figured, one cubic meter
of water yields only 01 gm dry plankton, then 7500 cubic meters of sea
water would have to be filtered to provide daly sustenance. This repre
sents 2 heroic operation, but Clatke suggested using nets 1 the tidal fows
of estuarsal or intestnsular waters,

The war situation sputred further interest. In 1940, W. A, Jaschnov!®®
spoke 1 Russia of the desitability and the feasibility of using plan}
foods His opimion was not based on theoty aloae. Between 1921 and
1937 he had studied the distrb and of zooplankton in
the Barents, White, Kara, Laptev, East Siberizn and Chukotsk Seas, as
well as 1n the adjacent polar ateas, He examined 2500 samples and made
1300 quantitative determunations From these he concluded that z00-
plankton contained over 90 per cent copepods, and that Calanas fne
marchicus made up about 95 per cent of the Jatter Like others, Jaschnov
also found the highest concentration of zooplankton n the autumn He
calculated that there was 2a average of 65 tons of Calanus available an-
nually per square kilometer of sea surface, equivalent to a biomass of 43
tons The total bjomass avalsble yearly from the northern seas of the
USSR was estimated to surpass 50 mullion tons—40 mullion tons from the
Barents Sea, 5 million from the Kara Sea, 3 mullion from the Laptev Sea,
2 million from the East Sibenan Sez, 1 million from the Chukotsk Sea,
and ope-half million from the White Sea Berutski!®8 also noted seasonal
vanattons of copepods 1n the White Lake 1n Russiz Wibotg!®? dassified
many of the copepods 1 the Oslo fiord

In 1941 Sir Joho G Kerr suggested in the House of Commons and
tn the London Times that manne plankton be investigated as 3 food
source 168 Indeed, soon thereafter, Professor A C. Hardy? enthusiastically

urged in Nature that Clarke's tidal flow Hltrations be tried 1a the plankion-
nich sea lochs of western Scottand, In the following year, Hard?® also
suggested freshwater plankton as a source of food In 1493, Judy? re-
potted in Scrence on the good aguatic food potentalittes of Wisconsin
lakes. That these war-mspired enthusizsms might be practical was further
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attested to by D, § P. Chu, who wrote to Clarke 1 1946 from Yusnan
that Chinese peasants had fong used marine plankton as food 5% In the
same year, too, Sir Hubert Wilkuns werote Bajkov that ke had eaten plank.
ton in the Antarctic with no il effects

In 1945, Knowltou and fruing 2% of the Acro-Medical Taboratory,
studied the effect of eatmg plankton upon the water requirements of men
o0 hie rafts Thear mvestigation was bancally a physiolagic amslysis of the
autrients of copepods caught in Buzzard's Bay (Massachusetts) by Bakov,
On the basis of determnations made by Dr A, Butler, the chionde con-
centration of the plankton was calculated 25 about 0 57 per cent, as com-
pared with 1.9 per cent 1n sea water. The protein content was 51 per cent,
while the fat was esumated to vary from 10 to 30 per cent. If 800 ml
dunking water ase available daidy (from sofaz still, desalination kit, and
<aptured rain water), they concluded that over 300 calones could be
denved from plankion before the himsts of salt excretion were reached
With this amount of planktonic protern metabolized, the uanaty nitrogen
produced would be about 124 gm, ald a serious considesshion when
water intake 15 hosted

Robinson and Bajkov mentioned in thewr 1947 report™ that about
twenty of thet human subjects ate 30 to 100 gm plankton at one meal
without 1}l effect, and that one sndeveduat even consumed a fult pound
without harm  The plankton m these expetzments came from Athntic,
Paafic, and Gulf of Mexwco waters In most tnstances, the plankton was
considered quite palatable The raw plankton tasted hike raw oysters, while
the cooked matertal resembled cooked shtimp  Vassations in the smell of
saw plankton were produced by admuxtares of cestan speaies of diatoms
and dinoflagellates

In the same report, Robinson and Bajkoy gave the wesalts of feeding
pladeon to rats Kaowing that Adantic plankton conld be digested and
assralated by rats {studies at Woods Hole Matine Laboratory, 1945),
they successfully repeated the procedure with fresh water plankton from
an Ohw lake, and also proved that it had a speafic growth-peoduang
value Sumlar results were then obtamed with Paafic planktan, Com-
parative analyses of scveral types of plankion were listed (Table It)

It 1 apparent that the composition of plankton vates with goography,
demate, and the predomil specses of Water P 75 to
85 per cent of manne copepod plankton On a dry weight basis, 45 to 60
per cont may be protein; 4 to 3t per cent, fat, 18 to 23 per cent, qar
bobydrate, and © 5 to 20 per cent, ash  Chitin 15 usually present in fess
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TABLE II
Atlanssc Pacific Barents Sea Ardic
(Robrnson sad Bajko) (Vizogradov)

Protein 526% 49 0% $90% 6263%
Far 42 70 7.0 18.50
Carbohydrace 150 110 00 -
Total Ash . 28.2 322 140 -
Chiun - - - 349

than 5 per cent concentration in copepods, but 1s more abundant in higher
« It forms the exoskelcton of copepods. Although clutin is not
digestible, 1t passes through the gastro-intestinal tract harmlessly as bulk

That oceanic plankton can truly be an aid to the survival of drifting
castaways has been spectacularly highlighted recently by the Kon-Tiky!"
the Heresique, 2% and the Seven Luttle SistersV1® adventures.

Thor Heyerdahl and five companions left Callao, Peru, on April 29,
2947, on the rzft Kon.Titi, seeking to prove that pre-Incan Indians could
well have settled the Polynesian Islands after passively dnfting westward
on prevaling ocean cutrents They landed 102 days later, physically none
the worse, on the Raroia Atoll in the Tuamotun Archipelago Throughout
the 4300 mile journey, they collected plankton 1 a conical silk mesh net,
often getting several pounds of “portidge” in a few hours The catch was
greatest at night and when the sea was cold Heyerdahl vividly described
the mynads of planktonic organisms netted, stressing especially their
colorations and nocturnal fuorescence Four of the six men really fiked
plankton The taste varied with the composition of the day's catch; it
ranged from that of shump paste to that of lobster, crab, caviar, and
oysters,

Dr. Alam Bombard, a French phy and sailing enthusisst, be-
came obsessed with the conviction that victums of shipwreck would have 2
better chance for survival if they became better acquanted with the re-
soutees the sea jtself offered. To dramatize hus thests, he sailed his 15-foot
rubber raft, the Heretigue, alone from Tangier across the South Atlantic
to the Batbados in 1952, Although the 65-day voyage was physically
b ic, Bombard d himse!f on plankton, fish, water
derived from fish, occasional rain water, and small amounts of sea water.

Even more recently, Willam Willss, a sulor from the Broax, fol-
lowed the Kon-Tski route as the solitary passenger on the balsa r:lfz.!he
Seven Little Sisters. He left Callao, Peru, on June 22, 1954, 2nd artived
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115 days later at Samoa, 6000 mules away. Preliminaty reports mdicate
that he, too, sustained himself to a fair extent on plankton

B. PHYTOPLANKTON
(MICROSCOPIC ALGAE)

1 Gemeradl Navure

Phytoplankton or “plant plankton” conssts chiefly of mucroscopic
algae, which, with few exceptions, are aquatic organsms  These micro-
scopxc gmwths comprise marnly the Divisions Chlorophyta, Euglenophyta,

phyta, Pyrrophyta, and Cyanoph Though t d of species
are represented, the diatoms and tul; are p
They thrive 1 both fresh and salt water, however, a gwen species 15
speaific for the one or the other

Algae are the only plants that can floutssh 1 the sea They make
avatlable the vast amounts of dissolved munerals and other nuttients, thus
nentic plankton (near the coasts) 1s richer because of the hnghct con-
centrations of salts As ly indicated, p
directly or md.uecdy—(he basic food for all dxe ascendmg hxeﬂxchy of
marine anumals  Freshwater algae play a somewhat simular role 1n their
own habitat The total quantity of phytoplankton perforce exceeds that
of zooplankton Howevet, effective collection of phytoplankton is very
difficult because the individual organtsms are so small As Burlew#! has
so strikingly put 1t, one quart of moderately thin suspension of Chlorella
pyrenosdosa contains twenty billion cells, a number equivalent to eight
times the world’s human population’

The color of the sea directly seflects the particulate matter theremn 174
When there 1s little matine growth, the water is deep blue, since the light
penetrates to deep levels, and the yellow and red rays are absorbed When
planktonic growth ss abundant, the water assumes the yellow, green, or
brown shades of the microscopic algae. Seasonal abundance of certan
seddish algal growths may produce the “red water” described since an-
cient bimes; to this may also be credited the coloration of the Red Sea
and the Vemulion Sec2  The nocturnal glow of some seas 15 attributable
to the phosph of certain p

Reference 1s made in the hterature to microscopic algal studies as
early as 1779, Puestly'™ and Ingen-Housz!™ described expeniments on




28 THE ROLE OF ALGAE AND PLANKTON IN MEDICINE

the photosynthetic gas exchanges of the simple algae which contaminated
their laboratory equipment. However, not uatil the latter part of the nine-
teenth century was there any strong interest exhibited in the precise nature
of microalgae. These investigations were in three general directions:

1. The chemical of algae (carbohydrates, pig and
—more recently—the J and lipid 1p ).

2 Short-term brochemical expetiments, e g, photosyathests

3. The growing of algae 1 culture

Cohent?? first cultured algae 1n soil in the muddle of the nineteenth
centuty, while Famint2int™8 in 1871 was the first to raise them in aqueous
medium, The 1mitia] extensive employment of mcroscopic algse was by
Engelmannl®™ in 1883, n his wotk on photosynthesis. In 1890, Betjer-
inck,1%0 a Dutch bactertologist, described the first isolation of algae in
pure culture; he obtained Chlorella vilgarss and Scenedesmus acutus free
from bacteria and all other organisms. In 1896 Molischt®! published his
work showing the muneral requirements of simple algae to be similar to
those of higher plants. The study of Willstitter and Stoll!82 i 1913
P d our knowledge of algal pigt In 1919 Warburgl®® recom-
mended Chlorella 1s a systgm 1n which photosynthests might be very sunply
studied, so thorough was he that 1 1931 he recewved the Nobel prize
for his observations on cellular resptration, much of them made on
Chlorella virrdans Since then, Chlorella has become a standard organism
for studies on photosynthests It has also ponted the way for many
diverse uses of the byproducts of photosynthesis, as will be duscussed later

By 1920 many algae had been ssolated in pure culture. In 1926,
Roach,!8¢ ivestigating the effects of carbon compounds on soil algac,
first introduced quantitative methods 1n the study of algal growth.

Another landmark was Batker's report!®s i 1935 on oxidative pro-
cesses 1 the colotless alga Protothera Pearsall and Loose!®® demonstrated
1n 1937 that the metabolic changes in Chlorella growth are basically
similar to those occurring 1n the leaf of 2 higher plant. The history of
algal culture techniques was well d in 1946 by Priogsheim ™

Only duting the past two decades have the divers studies of algal
metabolism been unufied 1ato 2 cohesive entity, The first truly compre-
hensive reviews of algal physiology and chemustry were those of Myers'™
and of Blinks™ 1n 1951 In 1953, Schussnig’s handbook on plant bl‘o-
chemistry®® d many physiological data on phy plank while
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Fogg's pht® offered an Tual ) of faets on the
metabolism of algae In the same year, the Camegle Institution 1ssued
“Algal Culture: from laboratory to pilot plant™41; this volume, collected
and edited by Butlew, made available extensive data on algal metabolism
and culture. Additional data on the metabolic aspect of algat growth was
provided 1n the “Growth of Protozoa, 1% issued 1n 1953 by the New
York Academy of Sciences.

2 Metabolism, Culture, and Nutritional Values

Even more so than with zooplankton, the recent intensive interest
in phytoplankton has been spatked by the growing dispanty between
world population and food supply.19%192 The attractiveness of phytoplank-
ton as 2 food is enhanced by several inherent qualities+ Practically all of
it is digestible, 1n contrast with higher plants, which contain a large pro-
portion of cellulose The protemn content 13 higher than tn field plants,
1t is of low molecular weight, and it contains most of the required 2mino
acids. Under controlled conditions, an excellent lipid yield can be achieved.
Vitamins and nunerals ate present 10 abundance And, best of all, algae
can be cultivated and almost always be maintained at 2 maximal growing
rate, whereas land crops utilize sunlight most effciently only just before
harvest Interesting comparative figuses are offered 10 Table IIT

Microscoprc algae have a basically simple cellular structure 193-19¢
Like other pigmented plants, the algal cell nsually comptises a audleus,
one or more chloropl, and 2 ing vartous formed
structures The pxgmcnts are gcncnlly concentrated tn the chloroplasts, the

“solar engines” which are now considered the main sites of photosynthetic
activity.197 Here the pigment enables algal cells to convert imorganic to
organic substances by utiltzing radiant energy198

The key pigments involved in 2lgal photosynthes:s (as condensed
from Fogg*9) ate shown at the top of page 31

The chlorophylls md carotenords are both fat soluble. The former
embody & cyclic tetrapysrolic aucleus with magnesium, the latter generally
conmn about 40 carbon atoms. The carotenes are hydrocarbons, while the

lls are oxygen d of the carotenes The Phymbdms
differ from the other prgments 1 being soluble in water but oot in m
solvents, They resemble the ct hylls 1n
nucleus, but the latter is linear instead of quc, and is lmked toa
globulin instead of to a metal.
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KeY PIGMENTS IN ALGAL PHOTOSYNTHESIS
CHLOROPHYLLS
Types 4,4, ¢, d, ¢
CAROTENOIDS
Caratenes
Types &, B, ¢
Xanthophylls
Lutein Stiphonetn Diadsnoxanthin
Z Siph h s

Violaxanthia Fucoxanthin Neodinoxanthin
Flavoxanthin Neofucoxanthia Pendinin
Ne Di

Myxoxanthophyll
PHYCOBILINS
rand ¢ Phycoetythrins
rand ¢ Phycocyanins

The distribution of these pigments in algae 1s rather varable The
coremonest chlorophyll 1s the type 4, just 2s 10 higher plants Chiorophyll
5, also present 1n hagher plants, occurs only 1a the Chlorophyceae and the
Euglenineae The other classes contain chlorophylls ¢, 4, and e Of the
carotenes, the g-type 1s most abundant The a-carotene, typical Chlaro-
phyceae and the higher plants, 1s not found i some algae In Bacillartophy-
ceae, for example, 1t 1s supplanted by ecarotene Each algal class also
bas its own charactenstic xanthophyll, as may be deduced from the num-
ber that have been 1dentificd Phycobilins, on the other hand, occur only
10 the Rhodophyceaze and the phy the former mostly
Phycoerythrin, the latter phycocyanin, the ongin of these related pigments
in esther Rhodophyceae or Myxophyceae 15 indicated by the designation
7 0r ¢, respectively,

Granick and his assocutes teparted9.2 @ 1953 on the protopor-
Phynn precursors produced by Chlorelia mutants They have been par-
ticularly { in the relationship between chlorophyll and hemin,
secking on porphyria and blood formation in human beings
Della Rosa, 201 nsing Cyy, demonstrated that Chlorella yulgarss was able to
synthesize chlorophyll from acetate 2nd glycine; he also showed that chlo-
tophylls 4 and  are not interconvertible Jorgensens! in Venezuelz demon-
strated to one of us (M S ) the red blood wiggler Chrronomus growing
on the sides of his Chlorells culture contarners; he suggested that there
mught here be a conversion of chiorophyll to heme Freach and Young?0z
indicated that pt may be an i di in the
transfer of energy from phycoerythrn to chlorophyll,
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The phozosynthcuc role of the various pxgments can be estimated by

the p with the “action spectrum’™ or photo-

synthcnc capacity of light at vatioys wave lengths 4041 Photosgathetic

efficiency is usually measured in terms of oxygen production. The diloro-

phyll absorption bands are chiefly in the blue, blue-green, red, and infra-

red ranges  The gellow-orange color of the carotenoids results from

shsorption 1n the blue and geeen. The chlorophylls and phycobilins ate

often strongly fluorescent in solution. Tuckes20® has even uwsed pigment
extraction with acetone 25 a mcthod of quznmatmg phytoplankton.

Despite all the emphasis on p ities, it mnst be noted
that not all algze contan pxgment chenndc“" long ago noted the
natural oceurrence of yellow and colacless colonies of Chlorella variegata
on culture media  Bogorad and Granick?% produced colorless, pale yellow,
and fight green mutant colonies of Chlorella valgaris by radiaton
Butler? exposed Chlorella pyrenordosa to ultraviolet light and obtained
colorless mutants without chlorophyll. He also noted that symilar perm-
anently colotless forms of Prototbeca have been obsetved in natuse, and
that they were probably mub!nts from Chlorophyceae. Vcry recently
Tolbert and Zil1203 feported p ynthetic studies with protog ex-
truded from Chars and Nirella. They found activity 12- 15 per cent that
of the whole cell, as measured by C,, fixation. Bath protoplasm and cut
cells reduced carbon dioxide 1n light to sucrose and hexose phosphate.
Dark cootrols fixed Cy 1ato products assocuated with plant sespiration,
but 1t 15 not clear whether they represented true photosyothetic pigments.
In fact, the whole sequence of biochemical synthesis in the dark or with-
out pigment remaws rather obsawe This is particularly so in the Jight
of Duysens’ dlaim?*® that light energy is convertible only through chloro-
phyll 2 or & (he maintains that in diatoms, for example, carotene must be
converted to chiorophyll 2.)

Raduation and natural mutation are not the only methods of producing
non-pigmented algze  Dubic®? produced chlorophyll-deficient Chlorella
twlgarss with streptomyan  And even strong radiation does mot always
effect alterations  Blinks™8 reported there was no significant change in
mmposmon or function of marine algae one year after the atomuc explo-
siops in the Bikini atea  The only exception was 2n increase m catalase,
possibly due to an 1acreased hydrogen peroxide concentration secondary
to radiation.

Algal cells generally do not grow old and die; instead, they produce
more cells by binary fission However, not all algze grow by ccllular
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division It has not been widely realized that sex may play a role even
in this remote corner of the cosmos! Sexual mnion of two gametes to
produce a zygote does occur, partrculatly among the Phacophyta snd
Chlorophyta (Chlorella and Scenedesmus ate notable exceptions,) Esther
or both gametes may be flagellated, or mating may be achieved by ameboid
motion  Gulbert M. Smuth209 notes that algal sexualty was initially de-
scribed in 1858 in Oedogonium. In 1926, Jollos demonstrated that the
heterothallic green alga Dasyeladus excretes sexual substances which -
fluence the movement of gametes toward each other Since then, much
experimentation has been carned on with Chlamydomonas engametos, a
unicellular green alga Motulity 15 absent 1n cells grown anaerobrcally
the dark, but 1t 1s revived by filtrates from cells grown in light The sub-
stance responsible is teported to be crocm, an ester of the sugar gentr-
abrose combined with the carotenord pigment crocetin There are also
substances affecting maleness and femaleness; these are activated by ex-
Posute to light, weakened by dilution The vinilizing factor appears to
be safranal, the femmizing one a gentrobiose of safranal. There are sll
degrees of sexual activity, depending upon the concentration of activating
substances and exposure to light ‘There ate alio varging degrees of male-
ness and femal even d forms, depending vpon the ratio
of opposing substances.

Simtlar findings wete teported by Sager and Gramck?? 1n 1954 They
noted that depleting the nitrogen supply in culture mediz of Chlamy-
Aomonas remhards encourages the differentuatton of ordimary celis to
gametes If mtrogen is added, the process is reversed Light apparently
acts only 1ndirectly vz p syth and 1t 15 not obl for zygote
fi of dark. gen-depleted cells

Much has been leatned about the metabolic characterstics ol algae by
observations of cultures Cblorella has been widely used in photosynthetic
experiments especially because 1t can grow under such vatied environ-
mental conditions ‘The rate of algal growth ss often measured by “genera-
tron time™—the time required to double the number of cells 1 2 culture ¢!
There ate two major phases of growth, one chiefly of cellular multiphica-
tion, the other of storage of reserve materials In the first phase, protets
predominate, in the second, fats and carbohydrates The mawn factors
mfuencing algal growth are. available radunt energy, catbon dioxide

n, temp and posttion of nutrient sub The
exact channeling of the various nutrrents may depend upon the zmount
of available nitrogen, or upon the presence of enzyme systems. Chlorella
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extracts, for example, have been shown to contain transaminase systems
which aid the transfer of amino groups to either pyruvic or 4-keto-glutanic
aad 212 The most active enzyme systems in algae are those of aspartic
and glutaric acids, and alanine.

Spoehr and Milnert! d d that the comp of Chlorella
pyrencidosa could be varied specifically simply by controlling cultural
conditions  In over 300 pure cultures, st has been possible to produce the
following wide range of vanations i composition and R-value

Protesn 73 to 8380%, Carbohydrate. 57 to 380%
Lipid 45 to 8607, R-value, 3792 to 63.33

The amount of radiant energy present markedly influences the rate of
growth of a culture, ether directly or by mcreasing the nitrogen absorp-
tion The latter 15 certainly of critical importance, since a Chlorella cell
can no longer undergo fisston when the nitrogen content falls below
16x 1013 gm

As has already been tndicated, the protemn content of microscopic algae
may vary widely; sts level may be grossly estimated from the mitrogen
content  There 15 a defintte similanty 1 the protein content of Chlorella
and the leaves of many higher plaats Under optimal cultural condstions,
a protem level can be achieved 1 Chlorella which exceeds that of the best
vegetable substances used as animal feed This includes such materuls as
Brewer's yeast, torula yeast, soybean meal, dtred skimmed mulk, 2nd wheat

Not very much 1s known of the speafic nature of algal protetas, except
that there 15 often a resemblance between their amino aad patterns and
those of higher plants 213215 The nutritonal value of Chlorella 1s based
not merely on its high protein content, but also on the fact that it con-
tains all the essential amino acds Methiomne 15 present 1 only small
amounts, but this deficiency also occurs 1 many vegetable proteins. ‘The
essential amno acrd Brological Index of Chlorella vudgarss has been calcu-
fated to be 62 in a pilot plant assay, as compared with an arbitrary value
of 100 for whole egg protein  The Index of most animal proteins ranges
from 80 to 90, while cereal proteins are usually between 60 and 80. “Thus
Chlorella 13 toughly comparable to white flour, corn gluten, and peanut
meal, An amino 2ad assay of dred Chlorells is given m Table IV. .

Although most algae ate able to uttlize wide varieties of basic inorganic
nutrients and to synthesize from them the more complex metabolites re-
quired, some ace 0ot 5o versatile, They may not be able to synthesize all
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TABLE 1V —Amino Aerd Assay of Dried Chlorella
Pulst Plant Laboratory

Nutrsent Sample Sample Torwla Yeass
Crude protetn 4400% 40 00% -
Argione . 206 239 361%
Hisudine. 062 065 131
Tsoleucine 173 169 375
Leucine . 379 199 357
Lysine 206 243 414
Methionsne 036 057 084
Phenylalanine . 181 214 241
Threomne 212 191 258
Teyptophane 080 041 066
Valine 247 267 298
Glyane — 220 022

the amuno actds from ammona and the requisite carbon fractions, and they
must thus depend at least 1 part upon an exogenous source of some
amino acids The deficiency 1s not of the amno acid per se, but of the
capacity to form amino groups from ammoms ‘Thus, for proper growth,
Englena deses requites aspartic acid, while Chlamydomonas chlamydogama
needs histidme and aspartic acid 2

Nucleic acid has been demonstrated by staining reactions to be present
in algal cells Jeener?'® reported that Polytomella caeca had 6 to 10 per
cent of its protein as sibonucleic acid 1 actively growng cells He mnds-
cated that there was great variability 1n the synthesis of nuclerc acid, and
that this was unrelated to the rate of general protein synthesis and cellular
multiplication  $zafarz and Brachet?1? indcated that formation of rbo-
nuclesc acid can proceed independently of the nucleus 1n Acetabularsa
mediterranea  Studies by Goryunova?!® have indcated the presence of
mucns in Osedlatorna

‘The assumilation of rutrogen by algae 1s important not only with fespect
to amino aaids, but also in the synthesis of various carbon compoun
As 1n the case of certan bactersz, many autotrophic algae are characterss-
tically capable of nitrogen fixation Nitrogen may be absorbed as the
element, or as nitrate or ammonta Frank21® 1n 1889, first reported the
possible nitrogen-fixing properties of certain algae, but this was not proven
until 1928229 Since then, further corroboration has come from Kjeldah!
determinations and tracer studies using nitrogen 1sotopes.4® So far, over
20 species of Myxophyceae have been proven apable of fixing nitrogen.

5 "

Aspartic aad, glutamic 201d, i p and gl can
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serve as the sole sources of mitrogen for various green algae via desmina-
tion or transamination, It is probable that nitrogen enters the general
metabolic pool most often 1n this manner.

Nitrogen-fixing algae can contribute to the fertility of the soil, especi-
ally in tropical areas. A notable example is the utilization of blue-green
algae in the Usar area of northern India to decrease the excessive alkalinity
of the soil 15 The algae thrive dusing the rainy season and decrease the
pH of the soil from 90 to as low as 70, and thus make possible the
growing of field crops dunng the dty season This resembles somewhat
the ! {sewhere of large s as direct fertilizer.

The cultivation of rice 15 also arded by mcroalgae The latter flourish
i the wet rice paddies and, by fixing atmospheric nitrogen, ensble peren-
nial cultivation without additional fertihizer. Nitrogen fixation here may
be greatly enhanced if bacteria are also present and contribute their
fixation acttvities  In addition, the afgae, by producing oxygen, help to
aerate the rice plants Watanabe??! reported 12 1931 that 13 species of
643 blue-green algae from Far East and South Sea area rice fields were
capable of atmosphertc nitrogen fixation, chiefly 1 warmer cltmates. Most
of them belonged to the genera Tolypothrix and Nostor, some to Schrzo-
thrrx, Calothrix, Anabaenopsss, and Plectonema  Aspartic and glutamic
auds and alanime were the systems mostly involved A smilar function
was reported by Douin,?2? who noted 2 symbiosis between the Cyradacer
plant and drabaena cycadeae, which fixes pitrogen for its host

Much Jess 15 known about the casbohydrates of microscopic algac than
of the macroscopic 4041 Wheteas the latter may contain large quantities
of carbohydrates 1n the cell walls (chiefly alginic complexes), the micro-
algae have relatively scanty [ Is, and their storage products
are lipid tather than starchy Milner has isolated statch and sucsose from
Chlorella pyrenordosa Broun found 178-20.2 per cent (dry weight)
total catbohydrate in Scewedesmus obliguus The substances included
mamly tmsoluble polysaccharide, there were also small amounts of free
reducing sugar, suctose and other oligosaccharides, and water-soluble
polysaccharides

Healthy algal cells, partrculacly m older cultures, liberate various or-
ganic substances nto thetr flud environment ‘These consist primarily
of nitrog! b and p It 15 probable that more specific
knowledge of microalgal carbohydrates will emerge when higher mb?-
hydrate contents are achieved by vatying cultusal eavironmentzl condi-
tions.
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The liptds represent one of the most important components of micro-
scopic algae®28 Many investigators have confirmed Betjeninck’s observa-
tion 1n 1921 that fat droplets accumulate in diatoms as the cultures be-
come old and the available fixed rutrogen decteases 4041 This occurs, as
we have mdicated easher, because nitrogen deficiency lumits growth and
favors the burlding of reserve matenals ‘The ratio of Iipid to carbohydrate
1s variable, it depends far less on algal genetic trats than it does on
environmental factors such 2s nitrogen supply and enzyme systems  Also
noteworthy 15 the fact that algal fat metabolism 1s but little reflected n
gas exchanges

The lip:d content differs not only from one spectes to another {the
blue-greens have very little), but alse may vary greatly within the same
species with changes in cultural conditions Chlorella generally contains
20-25 per cent fat, yet mitrogen starvation can mcrease the amount to
as high as 86 per cent  Even during World War 1I, the Germans, cul-
tuting Chlorella, Nutzschia, and Scenedesmus as potentia] sousces of needed
fat, attained lipid yrelds of 40~-70 per cent These compnised chrefly the
toglycerides of stearrc, oleic, and hinoleic zads

Most of the fat in phytoplankton 15 unsaturated, with a high propor-
tion 1n the 16 and 18 catbon seres 41 Detailed analyses of Chlorella, for
example, show 54-67 per cent unsaturated C-18 and 18-29 per cent C-16
acds Unsaturation ranges from 1 60 to 2 25 double bonds per molecule
Palmitic §s the mam saturated acid, while steanic constitutes less than 4
per cent of the total fatty acid  As the lipid content of Chlorella nses,
the unsapontfiable fraction decreases and the fatty acid portion increases,
at the same time there 15 2 significant fall 1n the degree of unsaturation of
the fatty acids  Chlorella fat resembles other unsaturated plant lipids and
falls 1ato the chemical classification of “drying oils *

Sterols have been obtained from most of the algal groups, excepting

the blue-g Klosty and B 4 reported m 1952 that chondril
Ia:.lerol is the principal sterol in Srmed:nmu obqumu, while ergosterof
in Chlorella py Ch 11 may be remem-

bered as having been favorably consxdered a few years ago 2 a statting
pount for cortisone synthesis Table V offers analyses of the various [ipids
1n several samples of Chlorella .
Phytoplankton, like the macroscopic seaweeds, has a high vitamin con-
tent It has been deterrnined that most of the known vltzrmns are present
in Chlorellz and related microal, ‘The are ly ade-
quate for the algae to be used as food (for man or animals), but not «f
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TABLE V —Analytss of the Liprds of Chlorella

Analyss Chlorella lot no
1 2 3 4
1 Total liptd (% of Chlorella) 2337 3317 6296 753t
Composttion of toeal lipid
2 Fatey acids (% of kipid) 280 495 830 868
3 Unsapomfiable fractron (% of liprd) 120 77 33 33
4 Wacer-soluble, after sapontficanion (% of
hipid) 60 428 137 99
3 Calculated fat (% of Chlorella) 685 172 547 686
Analysis of cotal Facty acrds
6 Palmutic acid, C16 (%) . 166 109 79 114
7 Steanc acid, C18 (%) . 04 41 39 35
8 €16 unsaturated acuds (%) . 29.1 183 27.2 180
9 C18 unsaturated 2cids (%) .. 539 667 609 671
10 Tocal fatty acids (%) 000 1000 999 1000
11 Equivalent weight . 2695 2736 2727 2741
12 lodine number 1631 1438 1436 1253
Degree of unsaturation
13 C16 plus C18 unsaturated zaids ~44d ~36H -37H —32H
14 C16 unsaturated acids ~41H ~44H
15 C18 unsaturated acids —45H —34H

they are intended purely as a source of vitamin concentrates In the latter
case, synthetic methods are mote economical,

Microscopic algae ate the ultimate basic source of vitamins 1n fish, and
the finding of large quantittes of Vitamin A in fish livers was indeed the
stunulus for much of the study of algal vitamins 325 Several decades ago,

it was shown that Nrtzschia cl. and other phytoplankton were goo
sources of Vitamin A and its carotene precursors 228 In the eatly 1930's,
J in Scand constdered using algal carotene to feed cows and

Jorg:
to forttfy marganine 41 Later, in Venezuels, he used dried plankton from
Lake Maracatbo as a source of carotene and related unidentified substances
as 3 highly efficacious food supplement in the therapy of lepers.

Vitamin B, 15 generally necessaty for algal growth, and it has btﬂ‘
demonstrated 1n most species 1n which it has been sought.<® ESP{"‘“Y
latge amounts ate found m Chlorella  Young cultures with actively-
dividing cells contarn more thiamun than do the older fat-storing enes
“Thus, von Witsch obtatned yields of 1.8 to 18 0 gamma per gram of dried
substance from cultures of varying ages

While Chlorella and related algae contain dehydrogenase for durect
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oxidation of pyrvic acid, thete 15 also some alternative partcipation tn
the Krebs tricarboxylic acid cycle, as in vertebrate tissues  For this re-
action, the co-catboxylase thiamin pyrophosphate must be present An
example is the great enhancement of pymvic acid oxidation by the add:-
tion of thiamin to the thramindefictent Profotheca 1f Vitamin By 1s not
present as such in the aqueous nutrient, it must be synthesized by the algae
Most are capable of so doing, but some cannot synthesize the thiazole,
others the pynimidtne, radicles of thumm Thus the thiazole portion must
be supplied to Polytomella ocellata, and the pyrimidine component to
Euglena gracilss and to a radution mutant of Chlamydomonas moewusi
The pyrunidine-thiamin requirement of the Exglena can be markedly de-
creased by the addition of glutamate, Both thtazole and pyrimidine must
be supplied exogenously for the growth of Polytomella caeca, Chilomonas
Paramoecrum, and Prototheca zopfi.

Riboflavin, like thiamen, has been demonstrsted in practically all algae
1n which 1t has been sought It 15 2 component of the prosthetic group of
the flavo-proteins, but its essentrality to algal growth has not been shown
Parz-amunobenzoic a¢id is known to be necessary for the growth of only
one alge, 2 mutant of Chlamydomonas moewnsn With the latter and
with Nitzicha, para-ammobenzore acd has the same antagomsm to sul-
fonamide inhibition of growth a5 with many bacterra  Antline may replace
para-ammobenzoic acid as a growth factor for Chlamydomonas with an
cfficiency of one per cent, but it does not neutralize the sulfonamude
effect 40,221

Plankton paste contains considersble q of bal or
Vitamun By, 4041228 Traces of thus substance are necessaty for the growth
of various Euglentneae as well as other classes, such as Chlamydomonas
¢hlamydogama of the Chlorophyceae Vitamun Bz may be concerned 1
the synthesis of desoxynbosenuclerc 2a1d

Ascorbic 2aid 15 present 1n phytoplankton (espectally Chlorella) m
amounts comparable to those in lemon juice, however most of it 13 lost in
drying and storage, Although little 1s sauid about the Vitamn D content
of microalagae, feeding expenments have mdicated good antirachitic
activity, Indirect evidence comes from the potency of fish liver ouls, which
ultimately derrve their Vitamin D from planktonuc sources,?2 As with
seaweeds, the vitamm activity of phytoplankton s based upon [
content. Substances with coagulznt effect have been demonstrated by Dam,
who determined the Vitamin K content of Chlarella 2s six gamma per
gram of dried material 280

Phytoplankton has a great potentral as a source of vitaouns 10 human
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putnition  Though most of the studies have been with Chlorella, other
microalgae are comparable. It has been calculated that a quarter pound
of Chlorella wll supply all the dasly mrmumal hurnan vitamin needs except
for ascotbic acid Table VI, taken from Burlew,*! details the vitamin
content of two samples of Chlorella

TABLE VI —Vuamm Atsay of Dried Chiorella
Pilos Plans  Laboratory

Vitammn Sample Sample
Carotene (mg /Ib) — 2180
Thizmua (mg /1b) 10 45
Ribofavin (mg /Ib) 262 163
Nuaain (mg /Ib) 3540 109 ¢
Pyndoxtne (mg /Ib} — 104
Pantothenic acid (mg /Ib) 36 21
Choline (mg /Ib). — 13700
Bioun {meg /ib) — 870
Vitamia By (meg /1b) 450 100
Lipoic acid (acerate unies/ib ) 13 -

Algae tequire basically the same nutrients as higher plants—nitrogen,
sulfur, mag; and rron  Uhlike the higher
plants all except a few algae can dispense with caldum  Potassum and
magnestum (and occasionally calaum) are important 1n the photosyn-
thetic process because their bicarbonates can make available supplemental
carbon droxide  In 2ddition, algae also have need for certarn trace elements
or micronutrients  Myers*? has spectfied algal requirements for manganese,
zin¢, caleum, boron, and copper The exact metabolic role of these has
not been elucidated Neither has it been for the following substances,
which have also been rdenttfied 1n algal cells antimony, arsemc, beryllum,
cobalt, germanwum, iodine, lead, manganese, molybdenum, muckel, rubi-
dium, silver, strontrum, tin, titanum, tungsten, ursnium, vanadmm, and
yttnum  (Does not this Iisting of elements sound more hike 2 soll-call
of our present-day electrones and metallurgical industries, and are not the
biologtc and the mechanustic worlds drawing closer?) It has been deter-
muned that, because of selective absorption, the cellular content of manga-
nese, strontium, nrantum, and yttriwm is above that of the surrounding
media. The only known tole of molybdenum 15 that of fixing suteagen in
Anabaena
Even though their functions are obscure, the addition of trace elements
to algal culture media has become standard operating pmccdure An

excellent means for providing ly adequate mig are
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the chelating or complexing agents. These are biologically mert cyclic
organic compounds (“inner complex salts”) resulting from the attach-
ment of a group at two points to the same metallic atom They prevent
excessive absotption and prectpitation  Ethylenediamine tetraacetic acid
(EDTA) is the chelating agent most commonly used When a given
amount 15 added to a nutrrent medium, 1t will permit the selease of enough
tons through mass action to provide for cellular needs By forming easily
teversible complexes of trace elements, 1t provides tonic concentrations at
preferred levels throughout the bife of a culture

Besides the trace elements, there are other unidentified factors some-
tumes necessary for algal growth It 1s common observation that some algae
grow with ease 10 mpuce culture, yet do not Bourssh 1a bactera-free
medz G di cannot be ly subcultured without an
organic factor extracted from soil  Sumulatly Crypromonas ovats, Synura
orella, and Gloeotrichia echmulata demand the presence of certain soil
factors  Also, Datyllmm brightwells requites, for good growth 1 artificrsl
seawater, two organic substances from natural seawater One of these ss
a speafic sulfur grouping, the other a substance also found 1 yeast or
algal extracts 40 The exact nature of these various needed supplementary
compounds will doubtless become clearer with more expenience in algal
culture

Although mass culture of phytoplankton t'or food and specna.l organic
material has {ong been the subject of d
little specific mvestigation was done until Wcrld War 1123t Most of the
experiments have been performed with some species of Chlorella, Scene-
desmus, or Nutzsehia because they grow so fast and tolerate a diversity of
cultutal conditions  Chlorella pyrenordosa has been an especal favonte
because of its previous wide use 1 studies on photosynthesis As listed by
Burlew 1 “Algal Culture, from Laboratory to Pilot Plant,”¢! the elemeats
of a plant for growing algae on 2 large scale are relatively sumple

1. A container with 2 transparent upper surface
2 A means of arculating the cultuse medmum, so that the algae do
not settle

A means of controlling temperature

4 A means of ntroducing carbon dioxtde and other nutnents con-
tinuously.

A means of harvesting the algac almost continuously.

6 A means of preserving the harvest until used

w

“
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A great vaniety of apparatus has been employed to achieve the me-
chanical requisites, In 1951, Jorgensen and Convit in Venczuela grew
freshwater algae in unglazed baked red clay bowls exposed to the open air
and hot sun  The dofa 1 fertilizer ded
1n water. Evaporation from the porous sides of the bowls kept the tem-
perature at 26°C even in disect tropical sunlight Von Witsch and Harder
m Germany utilized nutmient solutions in glass tubes 3 x 30 em and 6 x
150 cm, these were iluminated by 300-watt water-cooled Jamps and
supplemented with an air strezm containng 0 5 per cent catbon dioxide.
At the Carnegie I 1n Washing 1 culture of Chlorellz
was carrted on 1n five-gallon bottles 1n 1947, ilumination, temperature,
and catbon dioxide supply were controlled This study led the following
year to activation of a successful prlot plant for continuous Chlorells
culture at the Stanford Research Institute

In 1949, Geoghegan i England tried out a vatiety of culture vessels
cylinders 15 x 175 inches, Jarge tubes 4 5 feet x 2.75 inches; aspirator
bottles 18 x 10 5 inches, and = tall outdaor plastic tank 4 5 feet hugh, 15
feet long, and 033 feet wide He concluded that shallow horzontal
tubes or troughs were preferable, and that sunlight 1s more economical
than artificial Mlumination Wassink and a group at the Agncultusal
Unj y at Wageningen mn Holland exp d with mass Chiorella
culture from 1948 to 1950 Initially they used nverted half-liter glass-
stoppered bottles with incandescent light Later they tried outdoor sunlt
square meter tanks with 300 Iiter capacity. The tanks were covered with
glass to mimmize contamation, catbon dioxide was supplied from 2
cyhinder, and agttation was accomplished by a motorized stirser  Algae
wete harvested after 5 to 7 days of growth Subsequently they set up
similar concrete tanks m 2 dark room and illuminated them with either
daylight fluorescent bulbs or high-wattage mncandescent lamps  They ob-
tamned a 12-20 per cent efficiency of light-caergy conversion, and thete-
from concluded that excessive tlumtnation could decrease algal growth
under either artificial or natural conditions

Gummett and hus colleagues, working m Essen 1n 1930-51, hoped to
demonstrate that local conditions were suitable for large-scale outdoor 2nd
greenhouse culture that could take advantage of the huge amounts of

waste carbon dioxide n the mdustrral Ruhr. They succeeded for the most
part, but their delib Iy le | d resulted in troubl

contamination with foreign algae and protozoa. This could be overcome
by using protozoa-resistant Scenedesmius, by altering the nutrient medta,
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by mncreasing the amount of slumination, or, in fact, by doing anything
that promoted faster growth of the destred algae

Much was accomplished in America from 1950 to 1953 under the
guidance of the Camegie Institution of Washuagton They helped sponsor
such investigators as Spochr, Milner, Davis, Myers, and Krauss, with much
of the work done in the Department of Plant Biology at Stanford Here
studies were performed not only with vartous types of algae and nutni.
ments, but also with differing forms of cultuse equipment The latter
included large bottles, tocking trays, and plastic and glass tubing  The
culmination of the Carege studies was the establishment of 2 large pilot
plant for Chlorells culture m Cambridge, Massachusetts, by Arthur D
Little, Tac, a consulting reseatch and development organization  Three
large-scale culture unts were developed and studied The last, and best,
conststed of a massive plastic tubing in U-shape, set up on a roof-top with
free exposure to sunlight It was equipped with 2 centrfugal pump to
arculate the calture, a measured tnflow of catbon dioxide (5 per cent m
air), a heat exchanger for cooling the culture, & harvesting system, and
appatatus to freeze or spray dry the harvested materral From thss study,
it was concluded that with this type of pilot plant, 20 gm /sq. meter/day
could be realized, equivalent to 17 5 tons Chiorella per acte per year

Pilot plant studies were also carrred on n Isracl and 10 Japan The
former were begun tn 1951 at the Hebrew University m Jerusalem under
government sponsorship The latter were done in Tokyo 1 1952 at the
Tokugawa Institute for Biological Research, Tamiys, the director of this
Broup, spent some time as guest worker in the Carnegie Institution labora.
tories 1n Stanford through a fellowshup supported by the United States
Office of Naval Research

Experiments on mass culture of algae ate also besng carrted on by seg-
ments of private industry  An example 15 the reported work of Pruess and
his colleagues?32 for a phagmaceutical concern on algal culture in carboys
and 10 deep tank fermentations Kindred to the latter 1s the growing of
algae 1n so-called “oxidation ponds,” with the double purpose of sewage
disposal and formation of algal protemn sutable for feeding Renn®ss has
estimated that domestic sewage from a commumiy of 10,000 could pro-
duce nearly 1,400 pounds of protein daily 1f propetly treated Oswald
and his colleagues?? at the University of California are also enthusiastic
Pproponents of this method. One eager college professos®? has nlmt{y
designed a house with an algal pond on tts flat roof. No comment is
offcred on the monotony of having to stick to one brand of sewage?
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The enthusiasm for culturing phytoplankton for feeding is based on
reports that 1t is innocuous and that it possesses great nntritonal value
These have been well summarized by Fisher and Burlew#2 Mentson has
already been made of Jorgensen's feeding plankton soups to lepers in
1941, with 2 resultant improvement tn weight and energy. These com-
prised cultures of Chroococcus, Homocyrtinea, Oocystis, Ankirtrodetmus,
Chlorells, and Scenedesrmus. Mote recently, Jorgensen told one of us
(M.S.) that an algal broth, when fed to mice with skin cancer, brought
about an appreciable decrease tn the size of the lesions; inexplicably,
however, test animals maintained on such a dist did not haye a long Iife
span  Currently Jorg 1s feedng hus phytoplankton 1n rather palatable
compressed pills

Another early feeding experiment was that in 1949 at the Stanford
Research Institute Rats fed on a diet containing a thied Chlorefla pyrenai-
dosa had a weight gan only one-thurd that of a control gronp ‘This has
been attnibuted erther to the unpalatable flavor or to the mechanical diffi-
culty resulting from the hygroscopic nature of the food preparation Henry,
at the National Institute for Research 1n Darrying, in England, fed freeze-
dried Chlorells prepared by Geoghegan to young rats  No adverse effects
resulted after four months on a 17 per cent Chlorella diet In a four-week
comparative study, the proten efficiency of Chlorella appeared shightly
superior to that of dried brewer's yeast and peanut meal, but infertor to
that of skim mlk

In 1951, Combs,23% at the University of Maryland, tested New Hamp-
shite chickens on Chlorella provided by the Camegie Institution. A
marked mncrease in growth and an mprovement sn feed effictency resulted
from adding 10 per cent Chlorella to 2 basat diet m place of soybean meal.
This was attributed to the high vitammn content of the alga  However, 2
growth depressant effect was noted after extended feeding becuse of 1m-
pacted beak condittons This occurred much sooner with 20 per cent
Chlorella feedings Stmular results were obtamned 1 1952 with chichs
when vacuum-deied Chlorella was tried by a feed supply concern  Most
of the dufficulti d were apy ly due to excessive water
absorption by the algae  Other methods of preparation would scem to be
1ndicated

‘Tamiya?241 has included substantial amounts of Chlorella in prepanng
highly acceptable bread, noodles, soup, tez, and e cream. He has also
used hydrolysates of drred algae as a substutute for soy sauce His students
and even his colleagues admitted no 1l effects whatever from repeated
ingestion of these concoctions.
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The palatability and acceptability of phytoplankton as 2 human food
are dependent upon many factors These include especrally appearance
and taste These depend, in turn, upon whether the matenal 15 fresh or
dried, also, whether 1t 15 eaten as such, or mxed (and diluted) with more
famliar foods Doubtless much improvement can and will be made s all
these respects for a greater acceptability Certamly these items must be
wotked out before plankton is really the “food of the future "4

3 Medical Aspects

2 Water Supply and Sewage Disposal

Despate all the hopeful reports on thetr mertts, 1t must be emphasized
that phytoplanktonic organtsms can exert adverse effects upon the waters
in which they flounsh These include not only changes 1 appearance,
odor, and taste of the water, but also changes 1 other aquatic organ-
isms 287243 Even mote smportant ate the vatying degrees of mtoxtcation
and reaction in animals and humans who 1ngest or come in contact With
these waters ‘The potentral economc losses are self-cvident

Similar to the strking col of the seas p 3
{eg, Red Sea, Vermilion Sea) ate the alterations mn appearance of fresh
water bodies “Water bloom” 1s present when extenstve growths of micro-
scopic algae blanket the surface of a lake, pond, ot stream In Europe the
phenomenon has been variously called *"Wasserbluthe,” “feur d'eaw,”
and “flos aquae”, 1n some North Central parts of the United States, the
ancestral Dutch “vasserbloom” designation ss used Under favorable ar-
cumstances, mucroscopic algae, especully the Myxophyceze, can grow so
rapudly that the water assumes the color of the organism And these colors
are indeed d The Oscill. and Cylmdrosp produce
2 green slime and a bluish soup, respectively. Chlamydomonas and Plesro-
coccus are a brilliant green  Cerattum birundimella presents a rusty color
and a powerful stench—pethaps the basis of the Biblical story (Exodus
7) of the turning of the Nile into blood and the death of the fish theren
*“Red water” and “red spow” 1 Austrahia are due pmanly to Myxophy-
ceze, but desmids (Conpugata) may be a factor Both “red tide” and
“yellow tide” have been reported along the coast of the Gulf of Mexico,
while two major outbreaks of “red water” occutred 1n Gokasho Bay, Japan,
10 1933 and 1934, from Gymnodimium mikimoior

Whereas the col are i and lly even werd,
the odors ansing from aquatic algal growths are more important, both
esthetically and economically They affect water supply and sewage dispo-

d
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sal Odors and tastes may anse from the oils of living algae, from prod-
ucts of acttve photosynthests, from products of decomposition; and from
the death of fish and other aquatic organisms ‘The oils of living algae
are often unpleasantly odorous, each oil beng charactersstic of the gene-
sative organism The smells may be fishy, aromatic, or grassy, Theit
disagreeable character may be heightened after planktonic death, when
the frail ol globules are more widely dispersed. The odorous photo-
syathetic substances liberated duting very rapid growth are ill-defined,
but the offending materials present after algal decomposition are better
known ‘They include hydrogen sulfide and other sulfurous compounds,
phosphorous and nitrogenous substances, methane, ethereal sulfates, and
other volatile gases Fish and other aquatic organisms may dre from
suffocation, or from toxic substances such as hydroxylamine resulting from
the breakdown of algal proteins These dead animals contribute 2 liberal
stench to the already odoniferous situation Often enough, the chemical
treatments appfted to kill off offending algae aggravate the sitmation even
further The such as chl kills the ism and ltber-
ates the taste and odor-producing materrals, and chemical combination
with chlorine may favor the formation of additional smeily compounds.

The most troublesome algae 1n lakes and reservours are the blue-green
ones, which grow sapidly and foat high in the water, forming surface
scums  Greatest growth takes place 1n waters which are shallow and
warm, and 1n those rich 1n nitrogen, phosphotus, and loosely-bound catbo-
hydrates The principal causes of bad odors and tastes are the Myxophy-
ceae and Dustomales, which are less potent oxygenators than are other
algae
When unpleasant odors affect ordmnary lakes or ponds they merely
detract from the beauty of nature. But when they occur i reservours ol
water intended for darly dunking, they present a trenchaat problem Even
mild alterattons 1n smell or taste may be psychologically unacceptable to
the average person  As Howard and Berry?3® have pownted out, odfm
caused drrectly ot mdirectly by hiving plankton or by the decomposition
of vegetable growths are immediately ascribed by the Jayman to con-
tammation with sewage This ts not too strange, since the decomposing
plankton floats on the water, then s thrown onto the shore, where it forms
odorous, blackish, dscolored masses It 1s difficult to convince people that
the odor itself sigmifies no health hazard When Living algac are present
in the drinking water, there may be a mild mital taste, but a brttes aftef-
taste; when the organisms are dead, there 15 a strong first taste, but practi-
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ally no sftertaste  Measuses to control algal growth?4248 1n reservours
include periodic chemical treatment (with algiades such as copper sul-
fate), removal of accumufations from the shores before decomposition
occuss, and festricting the food supply of the algae by removal of tree
branches, leaves, and other floating debris

While removal or eradication of algae 15 desirable 1 reservours, quite
the opposte 15 true 10 sewage disposal umts  Owxdatton ponds have been
widely used for dary sewage As ized by Oswald
and his colleagues, 2% oxidatsve sewage treatment 15 based upon the fact
that organic matter decomposes rapidly 1 water  When 1a solutron, 1t
15 readily avarlable to mucroorgamisms and thetr enzymes These convert
complex organic compounds into simple substances such 2s catbon dioxide
and ammonia Because oxygen 1s the ultimate hydrogen acceptor in these
rapid conversions, 1t may become so depleted that acrobic oxidation 15
halted Thus the actvated sludge and the truckling filter processes are so
designed that atmosphenc oxygen 1s forced mto the Liquid phase at an
accelerated rate  Algal photosynthesis offers a completely different method
of supplying oxygen Here the availability of oxygen ss independent of
the physical laws normally g zeratron from heric soutces
Bodies of water containng green algae may attan supersaturation with
drssolved oxygen up to three or four times the normal maxemum of water
in equlibrium with arr ‘The organic waste material 15 changed by the
cyclic activity of algae and aerobic bactera into more algal cells These
ate then disposed into natural streams or allowed to settle and then be
digested anaerobically as bottom sludge The particular mernits of this
method lie i the minimal odor, musance, and operating cost It 15 there-
fore considered ideal for small communities situated 1 muld climates
Particularly in Texas and Southern California has there been relance on
the use of sewage lagoons and oxtdation ponds for adequate and econom:-
cal treatment of sewage Algal punfication of drnking water 15 also some-
times employed, on the other hand, univited algae often clog standard
sand fltration plants

As previously mdicated (section on Culture), Reon®3 has recom-
mended that oxidation ponds be used not metely for sewage disposal, but
also to convert nitrogenous wastes into food proten This can be accom-
plished by encouraging the growth of algae (especually Chlorella, Scene-
desmus, and Chlamydomonas) which yreld a hugh quality protein

A relatively new problem 1n sewage disposal concerns atomic wastes.231
Coopey252 demonstrated radioacttvity 1n all forms of life 1n the Columbia
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River below the Hanford Atomic Energy plant in Washington, He esti-
mated that about 570 tons of wet weight plankton passed the plant daily,
with a resulting planktonic radicactivity about 0.6 cuties per day. Analpses
indicated that 5-30 per cent of the plankton’s radioactivity came from
isotopes with half-lives near to or longer than Py, while the remainder
was of shorter half-life Some radioactivity persisted beyond 600 days’
decay Since algae can transmit their radioactive toxidity right up through
the nutritional pyramid to higher food animals, it is clear that more than
conventional disposal methods must be devised for atomic wastes.

An mdirect application of algal attributes relates to mosquito con-
trol  Matheson®™? noticed that quitoes did not breed 1 certain pools
whete Chara fragiis thrved, he and Hinman then postulated that the large
amount of oxygen from the algae either mnterferes with the larval food
supply or gives the mosquitoes indigestion However, Biswas, 20 over 2
decade later, insisted that algal flora provide not only food for the
mosquito, but also shelter!

b. Amimal Intoxications

The mucroalgal scums, odors, and tastes described 1n the last section
produce chicfly esthetic problems Of far greater import are the many
harmful reactions reported to have occurred 1 both animals and

humans 253273 F phytoplank has been 1 1, d since 1878
tn the mtoxication and death of domesticated antmals, as well as water-
fowl, shorebirds, and their han or avian pred:

In Table VII we present a chronological summation of 38 inaidents of
animal sntoxications by phytoplankton as culled from the lterature In
most cases attacks occurred after the anmals had drunk from lakes or
ponds coataimng heavy algal growth, usually dusing hot weather They
have variously been suspected of bemng due to botulism, anthrax, or worm
infestatrons, or to poisons such as lead, arsenic, copper, cyanide, o alkali;
or, as 1n South Afnica, to gallsickness (carried by ticks), Jamsiekte, and
poisontng by plants such a5 senecio, gousiekte, and gifblaar. Also con-
fused with algal poisoning has been the African geel dikkop of sheep,
produced by photosensitizing toxins

The reported symp logy of algal s varied, but the
most striking climcally have been the involvements of the "".’"
and sespiratory systems As described by Franas?® in the Australian
outbreak due to Nodularua spurigersa, “the animals developed stupor and
unconsciousness, falling and remaining quiet, as if asleep unless touched,
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when convulsions came on, with the head and neck drawn back by rigid
spasm which subsided before death,” Similar manifestattons have been
reported from Alberta,?8? Manitoba,262 North Dakota,288 Minnesota,25¢
Ontario, %9 and South Africa 288280 In several of these, the ammals also
exhibited extreme photosensitivity,268 with severe blotering of the
skin,2%8 260 and also jaundice 258

Fitch®* tested laboratory animals on the Mcrocystis and Anabaena
which had killed cattle m Mil The ch is n
guinea prgs included restlessness, incontinence, deep breathing, sneezing,
coughing, salivation, lactimation, weakness n the hind quarters, clonic
spasins, and death Rabbits presented the same pictute plus opisthotonus
Pigeons also developed oprsthotonus, as well as rapd blinking and
swallowing

Mason and Wheeler2™ injected Microcystss aerugmosa extract iato
tmuce, rats, gunea pigs, and cats. After a latent period of 20-180 munutes,
there appeared pallor, hyp hycardiz, hypoth: byper-
glycemia, respiratory difficulty, and death  Steyn®826 1a South Africa
teposted general paralysis or h like c it 11 con-
sumption of large quantities of Mrerocystss by cows, smaller amounts re-
sulted i constepation, drop 1n mulk yield, generalized weakness, and severe
photosensitivity of the skin If the ammals survived longer, many devel-
oped jaundice and ascites Some of Steyn's laboratory animals mamfested
symptoms after stmply being drenched with the contamnated water
Smut?™ 1njected or fed Mrerocystss to rabbits  In acute cases, the anumals
developed anemua, restl dyspnez, p paralysis, coma, and
death within one-half to four hours In chromc cases, the outstanding
finding was ctrrhosts of the liver, with restlessness, atonia, and asates
McLeod and Bondar®6? 1n Manttoba found that Mrcrocystss admunstered
to rats and mice caused a loss of equilibrum and progressive paralysss,
Tater there wese clonic muscular spasms, dyspnea, and cyanosts, then death
within twenty hours

The pathological findings 10 phytoplanktonic intoxscations have been

most interesting  Autopstes made ta 1930 and 1933 1 Minnesota showed
"o gross pathology"?%, cultuses, smears, guinea-pig moculations, and
tests for copper and cyamide were also negative On the other hand,
Mason and Wheeler,27¢ after injecting Mrcrocysis extracts, observed mark-
edly congested livers and dilated night heatts, but httle generalized venous
congestion ‘Their termual chmeal findings included severe anemia and
reduction in total serum proterns Small amounts of the toxic extract
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caused systolic arrest of the isolated perfused frog heart, but the uterus of
the vitgin pig was unaffected. Oxygen consumption of varions rat tissue
slices also remained unchanged Steyn?%82¢0 reported marked blistering
of photosensitized 2mmal skins, as well as extensive involvement of the
liver and the central pervous system  Post-mottem examinations showed
the lungs full of blood, the spleen enlarged; and the liver engorged and
dark red to black 1In chromc cases, the liver was erther yellow and soft,
or dark and brittde  Ashworth and Mason®™2 were able to produce general-
1zed cellular damage by admmustering Mrerocystis extract to rats. Especully
severe 1njury was noted n the parenchymal cells of the lver. Succes-
sive stages included acute parenchymatous, hydropic, and fatty de-
genenation, followed by central lobular necrosis If death did not ensue,
complete restoratton of normal lobular architecture—without fibrosts—
took place in thirty days The toxic alterations were comparable to those
produced by chlorofe phosph and eptds hepatttis  Simular
acute hydropic and necrottc changes were also scen in the heart and
kidneys, while microscoptc hemosrhages and edema sometimes occurred
in the lungs Ashworth and Mason felt that rapid death was due to shock
and arculatory collapse, while delayed demise was consequent to hepatic
insufficiency, renal failure, and diffuse cellular damage Stewart and his
colleagues288 reported fresh pulmonary hemotthages and hepatic and
cardrac lestons in Ontano cattle dying after ingestion of Anabaena and
Mucrocystis scum  They found the same matersal lethal to pigeons and
rats  Pathological findings from Alberta were “dilatation of the heart”
and “mottled Irver "

As mentioned earlier, many non-algal posons have been wrongly
suspected  In several cases, botul, it was admunistered, to no
avarl Solutions of sodium mitrite and sodium thiosulfate given mtraven-
ously assertedly produced recovery of some porsoned animals Although
the various outbreaks are now known to have been algal 1 ongm, the
specfic nature of the toxins involved has certainly not been clear Fitch®*
determined that the substances from Mrcrocystts and Anabaena arc non-
volatile, heat-stable when dry, stable in solutron at ordmaty temperatures,
but unstable when heated to 100°C  They are not electrolytes, alkaloids, or
toxalbumns  They are organic componds of low molecular weight, some-
what resistant to acrd and alkaline solutions The substances apparently
disappear when the algac putrefy Mason and Wheeler®™ were able t'o
inactivate Alscrocystis extracts partially by heating with acid or alkali.
Steyn?® clamied that growing algae are possonous, that they dfsflz:rse
their poisons wmto the water when they die, that the decomposition of
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tasses of dead algae decreases the toxicity, and that botling the con-
taminated water does not reduce its toxicrty He thought that Microcystes
contains two active prnciples a potent fucoin-type hepato-neurotoxin, and
2 fluorescent photosenstizing pigment, phycocyan Wheeler, Lackey, and
Schott??# determuned that Microcystis is less potsonous when fresh than
when frozen or dried They found the toxin dualyzable, soluble mn alcohol,
and able to withstand autoclaving mn neutral solution It also survaves,

ly, the lab lent of 2 water punficatton process—
alu.m coagulation, chlortnation, and filtration It 15 adsorbable on carbon,
But only when this 55 used tn comparatisely large amounts According to
Mcleod and Bondar, %2 1n a Manitoba outbreak associated chiefly with
Apbanizomenon (and some Microcystis and Anabaend), the toxic materral
was in the plants and not i the water. They found the toxin stable
in the plant, not destroyed by air drymng at 37°C, by freezing, or by
ultravtolet teradiation  Shelubsky?? clasmed in 1951 that the Microcystss
toxin 15 alkali-labile In contrast with other investigators, Louw?6? has
teported rsolation of two alkaloids from Ascrocysts The first is an in-
active one with a probable formula of C,;oH;sNO, The other, without
stated molecular structure, was 1sofated as a picrate with a meltng point
of 165°C It 15 supposedly the active hepatotoxin, and it has been effectrve
in expenimental rats Somewhat suntlar findings with matine algae from
the South Pacific have recently been described by Habekost,?™ who 150-
lated substances toxic to mice

¢ Human Intoxecations

Algal poisoning bas not been Iimited to anumals Duning the past 25
years, phytoplankton has also been incriminated 1n human seactions These
have presented as theee general clmcal pictures dysentersal disorders,
systemic allergic reactions, and local allergc eruptions Table VIII sum-
marzes the repotted human cases 275281 (Porsomings from mgestion of
Plankton-nourished fish will be discussed sepasately later }

The epidenc intestinal disorders of the early 1930's involved many
thousands of people, in arcas as widely separated as the National Parks
1 the Nosthwestern United States?™> and Charleston, West Virginia 27
Symptomatology consisted of nausea, vomiting, diarthea, and sometimes

patn. It was self-limiting and usually resolved m a few days.
These outbreaks were of no known speafic etology, but, sigmficantly
enough, were always concomutant wath the presence of extensive algal
blooms 1n the local water supply Doubtless many other sunilar outbresks
have been neither studied nor reported
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Heise?™? described two cases 1n which systemic hyperergic pictures
appeared following swimming 1n 2 Wisconsin lake In the one, the chief
mamifestations were 1tching, conjunctivitrs, blocked nmares, and broncheal
asthma; in the other, swollen eyelids, nasal stuffiness, and 2 severe general-
ized urticarial eruption were the presenting findigs In both cases,
Oserllatoraceae (Myxophyceae) were proven to be the causative organisms
Herse also obtained many positive skin reactions to Mcrocystss among his
office pattents

Local altergic phenomena have been recorded mose frequently of late
Sas?® described an acute urticarral papular eruption—locally known as
“seabathers’ eruption”—in swimmers off the southern coast of Flotda
Ayres, 20 1n 1948, had a patient who swam m the Guif of Mexico during
the “red tide,” then developed an acute urtrcarral papular eruption  And
as recently as 1953, Cohen and Reif?! reported phycocyanun, the blue
pigment 1n Anabaena, as the cause of an erythematous papulo-vestculae
contact dermatites 10 a six-year old child who had bathed m a Pennsyl-
vania lake

Microscopic algae have also been assigned a more indifect tole m some
human disease states Maniana®2 reported on his and Redaellr’s work with
Prototheca portorcenss. This alga, ssolated from the stools of tropreal
speue patients in San Dormingo, produced a transitory local caseous granu-
lomatosis 1n guinea pigs when mjected intramuscularly o imtraperitoneally
No spectfic senstization or imunization could be achieved even with
repeated injections A telated alga, Blartocystis enterocola, was ssolated by
Newsadomsk: from human, tat, and mouse feces, and was constdered by
him capable of passing through a Seitz filter  Manant could not confirm
the filtrability of Blastocystss, nor did he prove any pathogenicity Neither
could he corroborate Szendy's assertion that algae contributed to infecttons
in metapneumothorax

Although algae have been ssolated from the skins of animals, none
has yet been reported resident on the tntact human epidermss 2% However,
n 1946, de Almeida and hss colleagues™ in Branl ssolated Cblarf”d
from lesions of three patients with mycoses ‘The first had perirenal actino-
mycosis; the second, pulmonary and Jingual paracoccidiosis (brasiliensss),
and the third, Iymphatic and dermal paracocadrosis. The Chlorella was
not considered a contaminant, but the authors debated whether it might
be pathogentc exther alone ot ta association with the fung: They wondered,
too, whether the pathogenicity of the fungi mught not even have been
lessened by the action of “chlorellin,” an antibiotic substance isolated from
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Chlorella The activity of this material (effective against Gram positive
and negative bacteria) has been shown to result from photo-oxidation and
splitting of long carbon chains of the unsaturated fatty acids jn
Chlorella28% The antibacternal substance dubbed “phyceine” by Lesage??
15 probably simular to “chlorellin.” Related antibiotic agents in Strebocor-
ens and Protosyphon have been reported by Harder and Opperman 293¢

An mteresting medtco-legal appheation of planktonic distribution re-
lates to the diagnosis of death by drowning 267200 Attempts have been made
to prove death resulted from submersion by demonstrating algae in the
Iungs or the gastro-intestinal tract It has even been proposed that the
time and exact place of the drownmng mught be determmed from the
nature and type of algae present It 1s clear that inherent faults exst in
this method, since the algae may be difficult to identify, and since algal
distribution sn any atea may vary from hour to hour,

A straking illustration of indueect algal effect 15 found in human ntoxt-
cations resulting from ingestion of certain fish Since 1530, there have
been recorded many episodes of fish potsoning mvolving thousands of
people 201301 Fufty-eight of the best d d have been d
10 Table IX (pages 57-59)

The most familiar intoxications ate the acute “pasalyttc” shellfish
posontngs tesulting from eating mussels and clams The manifestations
are primanly 1 prickling and b of the mouth and
fingers, ataxic gait, muscular sncoordination, ascending paralysts and ultt-
mately respiratory fadure Death may take place 1n two to twelve houss
Outbreaks have occurred 1n many parts of the world, predominantly during
the summer months For years there was considerable groping—super-
stitious, eptdermological and I I—for the undeslying cause of
causes It was not until 1928 that Lindner?® suggested they might seside
1 the food supply of the fish This has smdeed been proven since then,
especually through the work of the groups at La Jolla and the Hooper
Foundation 292294, 296297 They showed that intoxications result only
when shellfish ingest large quantities of the manne dinoflagellate Gon-
yaulax (Dinophyceae) These algae can grow so profusely dusing warm
weather that the sea tutns 2 deep rusty sed during the day and brghtly
phosphorescent at night.

It has been d d that the Gonyaulax contains an
type of poison bling in effect such sub: as strychnine,
and aconttine. It is heat-stable 1n acid or neutral solution, but it is slowly
destroyed by boling with alkali Tt 1s ceadily soluble in water and alcohol,
but insoluble 1n ether ot chloroform One-millionth of 2 gram will kull &
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mouse on wyection, while a few milligrams orally can be fatal to 2 human
being, especially when taken on an empty stomach It has been estimated
that 4,000 algal organisms are required to produce human toxicity. The
shellfish store the powson chiefly m thetr “livers” or digestive organs; thus
the “dark meat” of the mfested brvalves 1s much more toxic than the
“white' portions The fish themselves are unaffected by the toxin, and
they will 1n fact excrete 1t m several weeks 1f Gonyaulax disappeats from
the marine diet.297.298,302,301
Post-mortem examinations of animals and human beings who have died
of acute paralytic shellfish porsoniag have, surprisingly enough, revealed
no structural changes However, in chronically poisoned exp 1
animals, distinct alterations are noted in the medullary ganglion cells and
mn the large cells of the ventral horn of the spinal cord.5%? The Golgi
apparatus of small and medmm-sized spinal ganglionic cells is also dam-
aged Neural mutochondna remain normal, but those m the convoluted
tubules of the kidney show defintte damage In concett with the latter
finding are the claical nephropathies reported by the French n human
shellfish poisoning,304.303
1t 15 probable that other algae besides Gonyanlax contain toxias Some
have been associated with Ceratrum and Proracentram, but na direct ex-
traction or isolation has yet been accomplished, It is also quite logical to
expect that fish other than mussels and clams coutd have improper plank-
tonic refations and thus transmit thets toxins to predators Ths is mdeed
50, and—except for the puffer fish and possibly barracuda~—it 15 likely that
I 15 directly dependent upon periodic jon of noxions
plankton, rather than bemng due to inherent toxiaty Planktogensc fish
toxicxty can occur during any time of the year, while puffer and barracuda
may be most lethat during the reproductive season  Epidemucs have been
untefated to spoilage ot bacterial 1afection
Poisonous fish are found through the world. They are most numerous
in the warm seas (especully i the Carbbean and Central and South
Pacific), but even certan asctic shatks have been reported to be toxic Dur-
ing World War I, fish powsoning represented quite a problem, since
epidemics were encountered wherever Amenican forces wese stationed 1m0
the Pacific theater The Japanese, too, estimated that over 400 of their
military men died 10 Micronest2 from eating toxic fish Hzlsrcnd‘:md
Lively® have made a partial listing of fish most often found to be poison-
ous: surgeonfish, h, pomp porcupine fish, wrasse, snappet,
filefish, surmullet or goatfish, moray eel, patrot fish, sea bass or groupet
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barracuda, and puffer They have divided fish porsoning into four chinrcal
groups, the last three of which are probably planktogenc:

1. Tetraodon (puffer) poisoning 3 Ciguatera
2 Gymmnothorax (Moray eel) p 4 browd p

Tetraodontoxin 1s the only ichthyosarcotoxin about which anything
specific 1s known Japanese studses indscate 1t 152 white ‘hygroscopic powdet,
soluble 1n water but not m the ordinaty organic solvents  Although 1t 15
thought to have a formula of CyHyNOye little else 15 known except
that 1t 15 not an alkalod or a protern of a protamne It 15 2 most potent
poison, with symptoms occurring within thirty munutes of ingestion
Inttrally there 2re numbness and tinghng of the face and extremities, then
nausca, vomting, headache, dizziness and overwhelming weakness Next
come speech wmp dyspnea, and g fized muscular paralysis
Death from respirstory paralysis may occur s 1-24 hours. The mortality
rate 15 about GO per cent

InG b p simular are seen
at first, but then the pattent develops motor incoordination and violent
convulsions, laryngeal spasm, coma, and respiratory paralysis  Here the
mortality rate 15 only about 10 per cent, and, m the non-fatal cases, major
symtomatology disappears 1n about ten days With Ciguaterd (omignally
consideted only Catibbean), the attacks are ‘milder than with Gymnothorax
and usually come on more slowly The chief symptoms include sensory
disturbances, myalgias, asthralgias, and severe weakness Only 2-3 pef
cent of the victims die, but recovery may take many months  Scombroid
poisontng results from eatrng vanous tropical tunatype fish The mant-
festations are mostly hustamme-Jike headache, fushing of the face, con-
junctivitis, giant hives, erythems, and gastric upset Recovery usuzlly takes
place in 8-12 hours

Halfbrankh

1ff Iy goated “Haff's Disease” by some
enthusiastic eponymust—was first described 1 1924295 among fishermen
1n Koenigsherg Haff (“harbor”) in Fast Prussia It follows contact or
ingestion of fish (primartly eels) and fish lvers It 13 characterized by 2
sudden onset of weakness, severe myalgia, myoglobiauriz, and some
digestive upset Pathological findings include fatty degeneration of the
Iiver and ksdneys, and damage to the anterior horn cells of the spinal
cord Over 1,000 people have been reported afflicted, some fatally. Simifar
episodes have been recorded at Lake Ysmen o Sweden Originally Haff-

Ton
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krankheit was considered to be caused by arsines in sewage, However,
the correlation of ontbreaks with climatic changes, and the predominantly
neurotoxic nature of the manifestations, suggests that thus disease, like the
several other of fish poisoning, is dependent upon periodic
planktonic sntoxication

No method of testing suspected fish is known, other than feeding 1t to
amimals (kittens have been a favonite) Neither does any spectfic antidote
east  Treatment has consisted primanly of rapidly emptying the gastro-

"

| tract by mechanical means, ap p and laxatives Admnis-
tration of charcoal as an adsorbent may be helpful Also important are
such as 1 P | fluds, oxygen, and

193
artificial resprration  Intubation and tracheotomy may be necessaty with
respiratory distress  Anti-convulsants and oprates may have their indica-
tions, while some assign a special ment to intravenous calcium gluconate
To us it would seem logical also to employ the adrenal steroids, eilhex: to
combat anaphyfacto:d reactions or to dimrnish end-ozgan response to toxins
Antrhistamine agents, too, might play a part 1a treating the Smmbl:;ii
type of poisoning Doubtless the wisest management of fish porsoniog
consists of avording those fish with 2 known toxic potcnml, and, 1n the
case of shellfish, avording them when the Gonmyaulax or other suspected
algae are floursshing

V. DISCUSSION

AFTER COMBING THOUSANDS of atticles on 2lgse
and plankton, we are in firm agreement with Conway Zirkle, 3¢ who
laments the fact that our age of specialization has produced a “sp)
fearmng * He pounts out that many mportant developments ar hope-
lessly buned because of the comp 1 of knowledge, the spe:
cialized jacgons of the vatious sciences, and the overwhelming ~ofume of
new publications  Because of a limited lateral diffusion of information,
any wotkers remain unaware of pertiment findings even in kindred fields
This is especally true in the realm of medicine With the txemendm;l
fnass of studtes that physicians must continually digest, their meages knﬂj’;]‘
edge of algac and plankton 15 readily understandable The rare oedi

Lintered
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articles on these subjects have usually dealt only with some specsad pownt
of interest—or a courtesy seference has appeated in 2 botaucal, nutr
tiongl, or public health journal The present assemblage of data brings
wto focus much diversafied matenal, a good postion of winch deserves
closer integration into the feld of mediane

Intetest in algae and plankton has vaned over the years From ancent
fimes, the predomunaat emphasis was on the seaweeds, at the fom of this
centuzy, it shifted ta zooplankton, 2nd, since World War 11, it has reatered
chuefly about phytoptan} The tad 1 medianal use of seaweed
has delined sharply, as has ats sole as 2 human qutoeat Its value today
tesides prmany in the contained munerals and vitamuns, and its greatest
uhibty is as fertilizer and anumai provender There 15 also much ment 1
the alginates, and 2 good potential exsts for other seaweed dertvatives
such as the antibi and it Consd: of plankten has
for the most pact been focused on s use as food $97-40% Zooplankton 15
sutrtionally far richer than seaweed, but st does not possess the signufi-
cance its mare enthuswstic proponents confes upon it Despite the fact that
the Thais™ have reportedly collected 5,000 tons 1n one year, 1t should not
be forgotten that there are tremendons vanations 1 quantity and quality
of yield sn different cceans and at different seasons  While zooplankton
may be considered an excellent emergency ratwon and food supplement, its
extensive use 25 a food staple awaits the development of far more efficient

collection techniques
Since it is stl such too early to envisson extensive i va/ro photo-
ynthesis97 without the Yty of plants, it 15 the phytoplanktonic

orgamsms which offer the most exating prospest for nutrtsonal gam
They not only supply controllable proportions of protem, far, vitamias,
minerals, and calottes—they can also be cultured selectively an a farge-
scale bayis The marvelous adaptability of algae hike Chlorella gives man
another round in the crucisl Malthusian battle of populstion versus food
supply Ta the past three centures, the world populstion kas fisen from
2 half bilkon to two and ene-hslf biflion 2 If fission and fuston do not
permaneatly put 2n end to both mankind and its problems, the population
wilf be four bithon 190, and eight billion sn 2030. Selectve fx:sh-
water mass culture of atganisms (we suggest the term "zqumﬂm'{c i
more descriptive than “hydroponis” and Jess estrictve dann "mafi-
culture” sy Yike Chlorells 1 specally built plants hold great promuse fo:
large quantities of valuable foodstuffs ft is more practical than “ranuning

the sez with salts and minerafs—"three-dimensional farmng”™~—to increase
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the growth of phytoplankton, whether one hopes to harvest the phytopfank-
ton as such, or whether it is planned to support a greater fish population
The latter 15, 1 fact, a wasteful process, since it has been calcuiated that
a pound of codfish ultimately represents 100,000 pounds of marine phyto-
plankton'” Before phytoplank feeding becomes commonplace proced-
ure, there will have to be long-term human experiments, with careful
observation of possible toxicities and biochemical changes, especially with
respect to electrolytes, hemic elements, 2nd proteins It 1s also a certainty
that 2 re-education of food tastes will have to take place before the accept-
ability of planktonic foods reaches 2 high level 310

Some other applications of phytoplankton reach almost tnto the realm
of saence fiction Bassham,311 at the Umverstty of Californsa, has been
working for the US Navy on adapting microscopte algal cultures to con-
trol the oxygen and carbon dioxrde 1n atoruc submarmnes which would
be submerged for long periods It has been calculated that one kg fresh
weight of Chlorells (equal to 100 liters of growing algal suspension) can
eastly supply the 25 liters per hour oxygen required by a 70 kg man, as
well as utilize the carbon dioxide exhaled by him In a stmuar fashion,
the Depattment of Space Medicine of the Ar Force?? is considening using
algae mn space ships, with the intriguing extra notion of complete recycling
of biological elements the algae are also to be used as food by the space-
men, while their excreta will serve as nutriment for the algae!

From the strictly medical standpornt, the number of disease syndromes
attnibutable to algae comes rather as 2 surpnse and raises some tnteresting
questions  The most obvious afflictions are the allergic dermatitides re-
sulting from bathing sn water contamunated with algae Also under-

dable are the resp y from water-b or 1nhaled algae;
1n fact, many cases of allergic shinttss (and 1ts corollary, chronic sinusitis)
1n coastal areas might be tracesble to algae instead of being blamed on
“damp climate” oc that handy favonte of allergists, “dust.” Then there
are the nephropathies, and the strking epidemic gastroententides, s0
blandly ascribed to the “24-hour or 48-hour virus *

By all odds, the most dramatic algal intoxications are the acute neuro-
toxic and myotoxic ones typtfied by paralytic shellfish poisoning and some
other ichthyosarcotoxicoses. Although pitifully meager long-range studies
have been made, 1t seems ncredible that such potent toxins should not
produce related chronic sequelae 1 victims who have survived acute
attacks, or who have ngested smaller amounts of toxin over prolonged

petiods One cannot help but wonder whether chronic algal intoxication
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may not play a part 1 causing some of our sdiopathic neuropathtes such
as multiple sclerosts, the muscular dystrophues, and amyotrophtc lateral
sclerosts  Interestingly enough, very recently a U'S Public Health Service
team has reported¥? an extensive survey of amyotrophic lateral sclerosis
among the Chamorros of Guam and other sslands of the Marana group
They made the study because the inadence of the disease there 15 420 per
100,000 population, a rate 100 times higher than 1 the rest of the world,
2t any one time, one per cent of the adults are affected, and eight to ten
pet cent of adult deaths are produced by st No cause was discovered,
except perhaps some tenuous genetic relatronship to the Chamorro trbe
The investigators have apparently given little consideration to the water
contacts or fish-eating habits of these people It may be more than co-
madence that epidemics of fish porsoning—likely due to toxic phyto-
plankton—have been patticulasly plentiful 1n the Mananas That algae
have not been smplicated tn the nerve afflictions may be due to the difhculty
1n demonstrating them, or simply to their not even having been considered
1t 15 1nteresting, 1f hazardous, to speculate also on a possible algal role
1 another 1 ds cute poliomyel The viral etiology 1s
certainly proven beyond any doubt, yet the epiderntology 1s anything but
clear, Is 1t possible that a symbiotic virus-alga state exists, favorng vial
transport or even viral multiplaction? The thought 15 suggested by the
fact that the hughest incrdence of poliomyelstis 15 during the warm summer
months, when algal blooms are most prolific, also, that fection occurs
frequently following swimming In the latter case, the victim, besides
ingesting virus, might also decrease local trssue resistance by contact with
algal toxins  However, we are not yet prepared to suggest Chlorella
iostead of monkey kidney as a medium for cultuning polio virus!

A more definite chronic entity 1s “swayback,”8283 the neurologe dis-
order seen 1n lambs fed on seaweed Whether 2 toxin disturbing copper
metabolism resides in the seaweed atself, or whether it origmates m con-
taminating mucroscopic algae, has not been established Also worth con-
sidering are the hepatiis and cirrhosts seen 10 amumals suffering from
“waterbloom™ towiaty Ther occutrence raises the question of whether
all human hepatitis classified as “veral” 15 really so  Certamly these various
diseases mndicate that much might be gained from studying the results of
controlled administration of toxic algae to ammals
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