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THE TOXIC PRINCIPLES IN LEGUMINOUS

SEEDS AND CEREALS.

There is but little doubt that some of the most im-
portant contributions to Medicine in the last few years have
ecome through the study of dieteties and nutrition. Despite
these advances in knowledge, which have, or ought to have,
affected the health of all mankind, it is obvious that the
subject of dietetics is still in its infancy. This is par-
ticularly so in regard to our everyday articles of food.
The cause of much of the suffering and ill-health experienced
in the world to-day, eépecially amongst poverty-stricken
peoples, could be made manifest by a more thorough examina-
tion of staple diets. To quote Sir Frederick Gowland Hop-
kins (1), "To understand completely what are the conditions
upon which perfect health depends, and to know with exacti-
tude why this or that factor or circumstance disturbs it,
chemical knowledge must be sought. Its possession will
strengthen the art of medicine, whether applied to the pre-
vention or the cure of disease.”

Recent investigations on the subject of diet have not
only brought to light the importance of quality of the food,
but have also emphasized the necessity of balance among
some of the essential constituents. Indeed the study of

dietetics leads one to agree with Jules Bordet when he says,



"La vie est le maintien d'un équilibre incessamment menacé. "

The relation of diet to disease has a long history,
for man has found "death in the pot" throughout the ages.
The causes of illness resulting from the ingestion of food
may be divided into six groups:

l. (a) Errors in quantity.
(b) Errors in quality.

2. The presence of chemiecal poisons of non-
bacterial origin.

. The idiosynerasy of the individual.

4. Infectious diseases carried by foodstutfs
(e.g.; milk).

5. Other infections and intoxications of
bacterial origin, known as "baeterial
food poisoning.™

6. The presence of animal parasites.

The present research was undertaken primarily to
investigate the presence of chemical poisons in the commoner
peas and cereals, in an attempt to explain if possible the
aetiology of the diseases, lathyéism, pellézra and beﬁi-
beri. It has long been recognized that these important dis-
eases are due to dietaries containing too much lath§rus,
risce and mgize respectively, but the exact modus operandi
of these foods has so far not been satisfaetorily explained.
It is of the greatest importance for the purpose of placing
human nutrition and animal breeding upon a sound scientific
basis to have, in addition to a full understanding of the

essential factors in the diet for growth and the promotion



of well-being during maintenance, a thorough knowledge of
the causes which are responsible for the malnutrition of a
human being or animal when confined to a single naturally
oceurring food substance, such as maize.

| Pulses of all kinds have long been cultivated by
man as food for himself and his domestic animals. They ure
especially of very great importance in many Eastern coun-
tries, since they are used either alone or to supplement
rice, millet, wheat and other cereals; hence the Hindu pro-
verb which says, "Rice is good, but pulses are my very life."
They constitute a primary necessity in these vegetarian
populations, since the fertility ot the soil could not
easily be maintained without rotations of leguminous crops,
a fact which was well known to the ancients (Virgil,
“Georgies™). The extent to which they are grown in India
is evident from the following table showing the number of
acres of rice, wheat and pulses cultivated in 1927-28 in

three important provinces.

Relative importance or rice, wheat and pulses.

Rice. Wheat. Pulses.
Punjab 940,625 | 9,024,595 | 5.496,995
Bombay 3,151,509 | 1,875,200 | 2,549,148

United Provinces | 7,298,299 | 7,531,333 | 6,989,110




They have been considered almost entirely as
sources of vitamins, carbohydrate and protein, and it is
on this basis that their dietetic value has been appraised.
With perhaps two notable execeptions, the bitter vetoh (Ervum
ervilia) and the vetchling Lathyrus (L. sativus and L. cicera),
which are mentioned by Hippoerates in his "Epidemics," there
has been little suspicion on the part of mankind that legum-
inous seeds might be poisonous.

The Greek and Roman writers on agriculture and
natural history refer to, and sometimes lay stress on, the
stimulant properties of the pulses both for man and domestiec
animals. 1In view,'however, of the findings in the present
research, it is woithy of note that among ancient nations
some of the pulses were reckoned unclean; for example, Pytha-
g0ra8 condemned the bean to his disciples because its con-
stant use dulled men's wits and caused many dreams; others
declared that therein dwelt dead men's souls and therefore,
at least "the bishop should not eat beans."” From a study of
the pertinent scientific literature; it appears that the
esonsumption of peas has generally been kept within the limits
of safety and in consequence there have been few outbreaks of
disease which might have attracted attention.

Cereals have always formed the major part of man's
diet and have generally been regarded as perfectly wholesome.

Gross over-consumption of maize and rice, however, has given



rise to pellagra and beri-beri respectively. A very vast
amount of literature dealing with the many problems of pel-
lagra has been amassed and Winkelman (2) in 1926 found 2,000
articles relating to the asetiology, eclinical or pathological
findings. It is strange that with so much interest displayed,
80 little progress has been made in knowledge concerning it.
The general opinion has been to inculpate the dietary (usually
maize), but its exact manner of operation has never been pro-
perly understood. Many have suspected, but none has shown
the presence\of toxic substances in the food. The volume of
literature concerning the many problems of beri-beri, espec-
ially in its relationship to vitamins, must be overwhelming.
Here again, no one has isolated poisonous substances from

the grain, although several have suspectedvtheir presence.
There are also several seattered references in medical litera-
ture to the toxiec effects of gress over-consumption of wheat,
rye (nervous ergotism), millet and oatmeal (rickets), but the
precise modus operandi of these foods has never been satis-
factorily tested or demonstrated by experiment in the labora-
tory or clinie.

Notwithstanding these, the general consensus of
opinion has always been rightly to regard cereals as per-
fectly wholesome when they form even a considerable part of
a mixed dietary; even Lind in his "Treatise of the Scurvy"”

8ays, "It is certain nothing can be more wholesome than the



mealy seeds of several plants, as wheat, barley, rice, ete.,
as also several of the legumina; and for this reason, be-
cause an 0oil seems necessary to the composition of the animal
emulsion; and these in particular contain a vegetable one,
of mild and friendly qualities to the human body. They
afford so wholesome a nourishment, that they are used by the
generality of mankind for the greatest part of their food."

It will be evident that the present research opened
out a completely new field of investigation, and one which 1is
important from the point of view of feeding the human popula-
tion and farm stock of the world. As often happens in pioneer
 work of this kind, many of the early attempts to isolate ac-
tive principles from the grains and pulses failed, but with
further experience more success was attained. Owing to the
large amount of work and time involved in the preparation
of the physiologically active products, the writer directed
his efforts rather towards the demonstration of the inherent
toxicity of the commoner pulses and cereals, than to the
isolation of the pure active principles, although in several
cases attempts, which were only partially successful, were
made in this direction. This problem of isolation of pure
chemical substances will require further investigation.

The presence of poisonous substances was demonstrated

in the commoner leguminous seeds and also in the cereals.



PART I.

LEGUMINOUS SEEDS.
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Leguminous Seeds.

PLATE 1.

Fig. 1. Lathyrus peas (L. sativus);
Fig* 2. Bitter vetch peas (Ervum ervilia) ;
Fig. 3. Lentils (Ervum lens) ;

Fig. 4. Soya beans (Glycine Soja).
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Leguminous Seels*

PLATE 2.

Russian tares (Vicia sativa);
Pigeon peas (Cajanus indieus);
Green peas (Pisum sativum) ;

Haricot beans (Phaseolus vulgaris)



LEGUMINOUS SEEDS.

General. |
:Thg natural order Leguminosaé is the second 1argest
in the plant kingdom and includes 600 genera and approki-
mately 12,000 species. These have very diverse properties,
some being nutritious, others purgative and astringént and
still others poisqnoﬁs.‘.From a toxicological point of view,
however, it may be said that the order, much as its fruits
and seeds ére used, is in some respects'to be regarded with
suspicion. .

‘The seeds, generally known as pulse, differ chemi-
cally from the cereal grains in several particulars. They
sometimes contain rather more oil or fat, a constituent
which may rise even to 18 per cent. (in soya beans) or to
50 per cent. (in pea-nuts). They rarely yield less than
2% and often as much as 4 per cent. of mineral matter or
ash. Although the percentage of protein matter in pulses
may vary from 18 in the Inga bean‘to 35.3 in the soya bean,
it is always greater than in cereals. This protein matter,
which is characteristic of the pulses, is often called
legumin, but in reality, it varies slightly in different
kinds of pulse, and is not a single definite compound, bdut
& mixture.

The following table gives the mean figures for the
composition of the pulses, (from the analysis of the twenty

Pulses mentioned by Church in his "Food Grains of India").
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composition of the Pulses.

Mean.

Limiting Figures.

Water
Proteins
Carbohydrates
0il

Fibre

Ash

11.7 per cent.

25.1 "
53.0 "
2.1 u
5.0 n
. 8.2 w

7.5
7.1
11.7
.6
1.0
1.8

- 14.6 per cent.

- 356.3 "
- 67.9 "
- 50 "
- 13.5 "
- 4.6 "

Owing to their large content of oil, leguminous

seeds are generally regarded as more nutritious than the

cereals, although the digestibility of their proteins,

compared with that of the corresponding compounds in the

cereal grains, has been usually regarded as low. On

account of the large quantity of gas generated in their

digestion, they have been at all times noted for ocecasion-

ing flatulence, and sometimes colic pains.
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Lathyrus Peas (L. sativus and L. oicera).

The family Papilionaceae, t0 which lathyrus belongs,
includes such well known plants as the lupine, whin, dbroom,
clover, medicago, vetsh, scarlet runner, pea and lentil.

Its sub-family Viciae contains a very large number of species,
several of which are indigenous to Britain and have been

fairly extensively grown as forage for horses and cattle with-
out arousing any suspicions that they might be poisonous;

among these are L. sylvestris (the narrow-leaved everlasting
pea), L. tuberosus (the tuberous vetshling), L. pratensis

(the meadow vetohling), L. hirsutus (the hairy vetohling)

and L. aphaca (the yellow vetchling). The two spesies with
which the writer is specially concerned are (1) L. sativus

(the chickling veteh) and (2) L. oicera (the flat-podded vetoh).

(1) L. sativus = cultivated lathyrus — was origin-
ally indigenous in that area which extends from the Caspian
Sea to the North of India and spread thence to Southern
'Europo where it has long been cultivated chiefly as fodder
for farm stoeck, and also to some extent, for human con=
sumption. It is also extensively grown in India as a cold
weather crop and has the reputation of germinating on land
too dry for other rabi. statistics of actual cultivation
8re not available for the whole of India, but the candidate
finds that in 1924-5.the Central Provinces devoted an area
of 360,000 acres to the orop. The plant, whish may grow to




1z2.

& height of three feet or more, obtains support dy its
tendrils. The fruit is a small, smooth-winged, several

seeded pod. The seeds (Plate 1, Fig. 1.) vary in colour

and size but all have the charscteristic wedged, angled
or hatochet-shaped appearsnce.

(2) L. cicera is a native of South Europe and
Northern Africa and is grown chiefly in France, Italy and
Algeria as a fodder plant as well as for human consumption.
The bréwn smooth seeds of L. cicera are very like those of
L. sativus and can be very easily mistaken for those by a
casual observer. |

The seeds of both species, either whole or ground,
hare cooked in various ways, and eaten like other pulses,
or the meal may be mixed with wheat or barley flour and
made into bread. In India they form the staple diet of
large sections of the poorer classes, sinece they are cheap,
Palatable and highly nutritious, and in times of famine the
increased consumption has been the cause of many recorded
epidemics. In this connection, and apart from any inher-
ent toxicity in the lathyrus peas, the writer would like
to point out that scarcely any article of food is complete
and properly adgusteQ/ for a staple dieﬁ; from a chemioal
point of view, much less from a combined chemical and phys-
iologieal aspect. Even human milk, as a food for adults,
is far from perfect. From a study of the nutrient-ratio

(proportion of albuminoids to stareh) of lathyrus, it be-
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comes obvious that the defect is precisely of that kind
which can be neutralised by the due admixiure of cereals.
This to a certain extent accounts for the innocuous nature
of the peas when taken as a small part of a mixed diet. The
candidate finds that the various writers differ in regard
to what constitutes a safe proportion. The Kabyles think
that one part of lathyrus flour to five of cher flour in
bread-making is harmless, while Vilmorin (3) says that one
third is dangerous with certainty. Buchanan (4) states
that in certain Indian Jjails, four to six ounces daily per
person were given for years without any bad results being
observed. Probabiy the explanation of the non-agreement
of the different writers 1ies in the fact that the peas
aiffer greatly in their toxieity from one distrisct to an-
other, owing to the influences of climate and soil. It
would thus seem that the effesct of climatic disturbances
in modifying the quantity and quality of the erop has not
received the degree of consideration which it demands.
This difference in toxicity also accounts for the negat-
ive results obtained by some investigators in attempting
to produce the symptoms of lathyrus poisoning in animals.
Watt (5), in his valuable article, points out also that
there is a "gertain capriciousness™ in the effects of

the poison on different individuals; certain families and
certain members of a family being more or less affected by

the Poison, while others essape. Men sare musch more liable
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to be affected than women, in the ratio of ten to ome, and
boys more than girls.

Despite much evidence to the contrary, there can be
vlittle doubt that lathyrus peas, when eaten in excessive
amounts over long periods, are capable of causing poisoning
and also of producing pathological changes in the sentral

nervous system and the disease lathyrism in man.

Lathyrism.

The name Lathyrism (suggested derivation, "la,"
augmentative and "thouros," exciting, impetuous) was first
used by the Italia%/ Cantani (6) to deseribe the chronie
nervous diseage in man due to the habitual use as food of
lathyrus peas (especially L. sativus, L. cicera and L.
clymenum). The disease occurs endemically and epidemiec-
ally and is presumably first described in the writings of
Hippoerates (7), who records that "at Ainos, all, men and
women who continuously ate peas, became impotent in the
legs.” Since the time of Hippoerates much informatiorn has :
been collected regarding the poisonous effects, in man and
animals, of these peas especially when they form the great-
er part of the daily dietary. The seeds of the bitter-
veteh (Ervum ervilia) have always been known to be poisoneus,
and some writers have attributed the epidemiec of paralysis

at Ainos to the econsumption of this particular pulse. 1In
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1671 the Duke of Wurtemberg }ssued an edict forbidding the
use of bread'made from vetc%?g;tds, as it had been noticed
that those who ate such bread suffered from a peculiar stiff-
ness of their legs, although they seldom died. 1In 1691
Ramazzini (8) reported an epidemic in the Grand Duchy of
Modena and says, that like the one referred to by Hippoerates,
it arose from teeding on pulses, especially Ervum. Numerous
outbreaks of the disease have occurred on a large scale, in
Italy, France and Algeria and in addition, many isolated out-
breaks .on a much smaller scale have been deseribed by differ-
ent wfiters. In 1833 the diseaée was first recognized on a
large scale in India in the Sangor territories, where, on
account of three successive famines in 1829-31, the people
were compelled to eat the vetchlings called khesari, matra

or teora. Since then numerous outbreaks have taken place

in Sind, Nagpur, the Central Provinces and in the Himalaya
digstricts. One of the largest of these is deseribed by
Buchanan (4) in a report on an outbreak of lathyrism in the
Central Provinces in 18§§11902, when about 7,600 persons

were affected. Irving (9) records that in one distriet in

" the North west Provinces of India, as many as 6 per cent.

and in another 8.19 per cent. of the inhabitants were affect-
ed. The disease is still very prevalent in the central and

north-western parts of India.
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Symptoms.
One of the first symptoms to arise is pain in the back

and weakness in the legs, which inorease until symptoms of
spastiec paraplegia appear. The patient now complains of
girdle sensations and walks with difficulty. The gait is
characteristic, for the feet are turned slightly inwards and
are dragged, or raised with difficulty from the ground. The
Joints appear so weak that it is difficult to proceed any
distance without falling, while the body has a peculiar up
and down motion. There is no ataxy and no vasomotor phenomena,
but the legs waste very much. The arms are not, as a rule,
involved, though the hands may tremble. The superficial and
deep reflexes are increased, and ankle clonus is present. The
excitablility of the affected muscles is diminished. Incontin-
ence of urine and impotence are early and common symptoms.
The mind is unaffected.

The disease does not itself end fatally, but a definite

improvement is seldom seen except in incipient cases.

Symptoms in Animals.

Many of the symptoms of lathyrism in man can be repro-
duced in monkeys by feeding experiments. The chief action
observed here is a paresisibf moto;fnervgs which soon passes
off if the peas be discontinued, but may‘;écome permanent
after prolonged feeding and may ultimately end in death, due

to paralysis of the respiratory muscles. Other animals differ
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greatly in their susceptibility to lathyrus poisoning.
Horses seem to be peculiarly susceptible. One case is re-
corded where one hundred and twenty three out of eight
hundred horses became 111, and many died, owing to being
fed on peas of Lathyrus sativus. The chief symptoms ob-
served were weakness and paralysis of the legs. The poison
appears to be cumulative in its action on horses as in man.
Herbivora (including rabbits, sheep, oxen and buffa-
loes) and pigs are more or less insuseeptible to chronic
lathyrus poisoning even when fed entirely on the peas for
long periods, although they are apt to develop paralysis of
the hind legs or at least weakness and tremors. Neverthe-
less these animals are susceptible to ascute poisoning and
cases are on record where pigs, sheep and cattle turned
into fields of lathyrus to feed, have died overnight. Ducks,
geese and peacocks are readily poisoned by the peas, bdut
pigeons, hens and partridges seem to thrive on them, although
they may show slight weakness of the legs. Guinea pigs seem
to be peculiarly susceptible to lathyrus poisoning.
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The Active Principle.

Historical.

Many attempts have been made to isolate an active
prineiple from lathyrus peas. Teilleux (10) obtained from
the seeds of L, cicera a resinous substance, which in doses
of a few grammes caused paralysis, twitochings and slow death
in rabbits. Bourlier (11) succeeded in poisoning frogs,
tortoises and sparrows, with ether and alcohol extracts of
the peas. Owing to the motor paralysis followed by death in
several hours, he is of the opinion that the poison acts on
the posterior and lateral columns of the spinal cord.

Marie (12) obtained from L. cicera peas a small quantity of
an alkaloid which, however, caused no characteristic symptoms
of lathyrism in man. Asher (13) isolated from these peas a
volatile alkaloid, which he called lathyrin, which was doughy
in consistence, alksline, insoluble in water, soluble in
chlorotorm, and which on evaporation formed needles; but he
did not perform any experiments with the substance, the action
of which remained therefore unknown. Astier (14) isolated a
volatile alkaloid which he also called lathyrin, but with
which he made no animal experiments. He made some experiments
with an aleohol extraet, two to eight decigrammes of which,
g€iven subcutaneously, caused tremors and finally weakness or
Paralysis of the hind legs in dogs. Blaise (15) made experi-
ments with a glycerine extract, but the results were unsatis-

factory. Smith (16) gave the poisonous subatance as prussic
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acid, apparently indicating a cyano-genetic glucoside.
This, however, can hardly be so, as the poison is cumula-
tive, and may not show its effects for weeks or months,

or in man, even years, according to the quantity of peas
eaten. In 1917 Professor Stockman (17a) succeeded in
isolating an active substance which gave the chemical re-
actions of an alkaloid, and which on hypodermic injection
proved to be poisomous to frogs, mice, rabbits and monkeys.
Dilling (18) isolated two alkaloids in minute quantity,
which in frogs caused increased spinal reflexes, followed
by paralysis, and in mice, weakness and paresis of the
hind limbs. . Acton and Chopra (19) obtained from germin-
ated and ungerminated peas, the hydrochloride of an active
amine, which caused in somparatively large doses, weakness
and paralysis of the hind legs in monkeys, guinea-pigs,
rats and mice. Anderson, Howard and Simonsen (20) failed
to find any alkaloidal poison in a pure culture of L.
sativus seeds, and aseribed the poisonous effects of the
latter to contamination with the seeds of Vicia angusti-
folia. Recently, the subject has been approached from
another point of view, namely, investigations to ascertain
1f the pulse possesses a poisonous fungoid parasite that
could account for the toxic asction. However, Professor
Percival failed to diseover any such fungus.

The foregoing shows the uncertainty which existed in
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regard to the nature of the active substance of lathyrus,
when the candidate first undertook the present reaearch

work.
The investigations have shown:-

(1) That &8 lathyrus diet can cause in monkeys the char-
acteristic nervous symptoms of lathyrism, death,
and also pathological changes in the nervous sys-

" tem identical with those found in horses fed on
.

lathyrus|and in humah'lafh&fiéﬁ% S “”*fk?"“
S e s L - ,y,_‘,\}

(2) That lathyrus contains citric acidiénd also a com-
plex acid substance which when administered hypo-
dermically as a sodium salt causes acutely the
same symptoms and pathological changes as a lathy-

rus diet.
(3) That this acid substance is poisonous to other animals.
(2) That other leguminous seeds also contain the same or

8imilarly scting acids and have actions on animals

8imilar to those of lathyrus.
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EXPERIMENTAL.

(1) Preliminary Feeding Experiments.

Monkeys were fed on a diet of lathyrus peas (L. sati-
vus) cooked by steaming, with the addition of milk, or bran
and yeast, with fruit daily, to preclude any chance of defic-
iency symptoms arising. Although the animals varied greatly
in their susceptibility to the poisonous action of lathyrus,
they all tended to reproduce, more or less, the salient
features of the disease lathyrism, as it is seen in man.

The following is a typical ease.

A small Bonnet monkey (Macacus sinicus), was fed on
lathyrus peas (steamed), with the addition of a little bran
and yeast and with s plentiful supply of fruit daily. 1In
eight days, the left arm was held up, flexed at the elbow
and wrist, and the right arm was also slightly affected.
From this time, there was quite definite muscular weakness
and loss of activity. On the 25th day, it was more affected,
with the left upper arm adducted and the fingers and elbow
tightly flexed; the legs were weak, and it sat with the
Joints very much flexed. For the next four months there
was little change; sometimes, the paresis improved, and some-
timesg it became worse. Om fhe 146th dasy, it suddenly be-
came iaralysed and lay on its side unable to move, with its

fingers, wrists, elbow, toe, ankle and hip joints fully
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flexed. On the 189th day, it experienced a very severe
spasmodic attack, followed by increased paresis for a few
days. The lathyrus feeding was then stopped; the animal was
put on an ordinary diet, and in a few days, it had recovered
most of its normal activity.

After death, this monkey showed pathologisal changes
in the nervous system, consisting of widely spread degenera-
tion of nerve fibres, and injury or destruction of nerve cells
in both the cerebrospinal and sympathetic systems. Similar
pathologieal changes have been noticed in horses which have
died as a result of continued feeding on lathyrus(and in
human lathyrism:j These degenerative changes of the spinal
cord, etc., are slso eharaelziis;ic ‘0f pellagra, convulsive

ergotism and pernicious anaemia.

Rabbits (both young and fully grown) proved to be
peculiarly insusoeptibla to lathyrus Boxaohing. They throve,
increased in weight, and grew normally when fed for five

months on the peas, cooked by steaming.

< Guinea-pigs, on the other hand, when fed on lathyrus

meal (steamed), emaq&gted rapidly, developed slight tremors,
spastieity, and weaanQs in the legs and ultimately died in
8 to 35 days. The addition of calcium lactate, sodium bisar- ¥
bonate or cod-liver oil to lathyrus diets failed to prevent
loss of weight in guinea-pigs.
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(2) Chemical and Biological.

In searching for the active principle or principles
of lathyrus and other leguminous seeds, the writer has
directed his efforts along the lines indicated b& the ob-
servations of earlier writers. In 1894, McDougall (21) 1{
stated that boiling the seeds in water before use rendered
them innocuous, sinee the ﬁoxic principle passed into the
water. Acton (22) showed that steeping the peas in water
before use allowed ducks to thrive on them, where formerly
they died, the inference being that the poisonous substance
had been extracted by the water whioch was rejeeted. Other
writers also observed that the bitter principles of the
lentil, pigeon pea and bitter vetoch could be removed by
washing them in ordinary cold water or in a dilute solu-
tion of washing soda. Since these facts seemed to show
the water-soluble nature of the poisonous substances, the
writer has concentrated his efforts towards a very thorough
examination of the aqueous extracts of the peas.

In the present investigation both the L. sativus
peas grown in India and L. cicera peas grown in France
were used, and no differences were noticed in their
chemiatry.

In the early part of the research work much time
and energy were expended in searching for a poisonous

alkaloid, glucoside or saponin but without success. Two
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prineiples of acidisc nature, whisch proved to be poisonous
on hypodermic injection, were finally isolated. One of
these was found to be citric acid and the other a much more
complex nitrogenous substance of unknown constitution.

The method, by which the poisonous acid substances
were prepared, was first perfected for lathyrus peas bdut
was later applied to the other leguminous seeds and the
cereals. The stages by whigy;}t evolved are as follows.

' In the firast stége thérground peas were macerated
in co0ld chloroform water for some days, the water expressed
and the marc again macerated and expressed. The agueous
extract was then filtered and boiled to prescipitate proteins
which were removed by filtration. The filtrate was very
acid and was further purified by precipitation with mercuric
chloride, which removed as an insoluble complex substance
any protein matter not coagulated by heat. This precipitate
was filtered off and the filtrate was freed from mercury by
sulphuretted hydrogen. After passing a current of air
through the liquid, it was concentrated at a low temperature
to the consistence of a thin syrup. On slowly adding this
to a large volume of absolute alecohol, an abundant white
flococulent precipitate was obiained, which constituted a
highly purified extract of the peas containing the poison-
ous nitrogenons substance contaminated with sugars and salts.

Owing to its hygroscopic nature, it was necessary to dry the
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precipitate in vacuo over caleium chloride. The yield
proved to be about 4 per cent., but this could de in-
creased by distilling off the alecohol to a small bulk,
and again precipitating with absolute aleohol.

In order to allow nothing to pass unexamined,
the precipitate obtained with mercuric chloride, after a
thorough washing with water, was decomposed by sulphuretted
hydrogen and freed from merdury. On concentrating the
filtrate from the merscury sulphide precipitate, and on
adding it to a large execeas of absolute alcohol, an in-
soluble product (mostly proteins) was obtained whiech
proved to be innocuous when given hypodermically to
animals. The alcohol used in the precipitation was al-
- 80 found to contain nothing deleterious.

The following table shows the scheme adopted
in the preparation of the physiologisally active extract:-



Ground Iathyrus Peas

Aqueous Extract

Macerated and expressed

Boiled and filtered

Precipitate FPiltrate
(proteins)
Precipitated with mercuric chloride
" golution and filtered.
Precipitate Filtrate
Washed, decomposed Decomposed with HgS
with st and fil- and filtered.
tered. :
Precipitate Filtrate Precipitate
(mercury (mercury
sulphide). sulphide)
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Concentrated to syrup,
added to strong alco-
hol and filtered.

Filtrate

Concentrated to syrup,:
added to strong alco-
hol and filtered.

Precipitate of
Proteins.
(Inactive).

Filtrate ' ecipitate of Physio- Filtrate
(Inactive). logically Active Ex- -~  (Recovered).
tract. o

(pried 1In vac.)
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Biological Experiments with Purified Extract.

In 1931 Profeasor Stockman (17b) published the
results of numerous biological experiments which were con-

ducted on monkeys, rabbits and frogs with the pnrifiea extract.
\7 PITRE AN ,"’ fom T e,’{ﬂ-'; v f “ 2 f Rt 4}&,

r

Monkezs.
vhen 4 g. of the dry purified extract was given

hypodermically to a Bonnet monkey it 1mmed1a£ely became
weak and paretisc. 1t lay down on its side, and all its
Joints were flexed as if the weakened extensor muscles had
been overcome by the flexors (Plate 5). At times, it de-
veloped irregular tonic and clonic spasms of groups of
muscles in which the joints were more firmly flexed. The
effects lingered in a modified degree for 4 days.

Another monkey received 4 g. of the purified ex-
tragt hypodermically and suffered from great weakneas. It
sat with its back bent and its head down between its legs

and looked very drowsy. This effesct lasted for several days.

Rabbits.

Two rabbits received each 2 g. of the purified ex-
tract hypodermically but showed little or no effests. The
hind legs were slightly weak but the effect soon passed off.
The ingusceptibility of rabbits to lathyrus poisoning was

borne out by reeding experiments.
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Frogs.

In frogs, .15 to .2 g. of the extract given hypodermi-
cally caused depression or paralysis of the hrain and spinal
cord, with fibrillary muscular twitohings lasting for several
hours. This was succeeded by increased spinal reflexes usually
lasting for several days. Larger doses were lethal, death us-

ually occurring in a few hours from stoppage of the heart.

Lathyrus.

PLATE 3.

Monkey after hypodermic injection
of 3 g. of purified extraot.



The next stage in the proeess involved the
further purification of the physiologically active extract
in Sn attempt to isolate the pure active principle.

Experimentally, the filtrate from the precipitate
with mercuric chloride (containing the physiologically
active principle) was carefully precipitated with a strong
solution of lead acetate.

The filtrate from the lead acetate precipitate
was first ex@mined. It was freed from mercury and lead
by sulphuretted hydrogen and concentrated to a thin syrup.
On adding this to a large volume of strong aleohol, a
mixture of;inégiuﬂle,white,hygroseopio substances was ob-
tained, and was dried in vacuo over caloium chloride. tThis
was called the "glucoside mixture” since it was likely to
contain any poisonous glucosides present in the peas.
Doses of .1 to .2 g. of this mixture when neutralised with
sodium bicarbonate and given hypodermically to frogs, proved
to be very toxiec, producing paralysis and tetanus followed
by inorease of spinal reflexes lasting for several days.
However it was early reoognized that repeated treatment of
the "glucoside mixture® with lead or mercuric ascetate tended
to render it innocuous, until finally doses of .2 g. could
be given hypodermically to frogs without producing the
8lightest symptoms. On hydrolyzing the "glucoside mixture"
by boiling with a few drops of dilute sulphuric acid, and

on setting aside for a few days, long needle-shaped orystals

29.




were obtained which proved to be active in small doses
when given hypodermically to frogs. Chemical examination,
however, showed these to consist of potassium sulphate;
the toxic gction was due to the poisonous potassium ion.

It was thus shown by biological tests that the
"glucoside mixture™ did not contain an active glucoside
while chemical tests showed it to consist of a mixture of
sugars and inorganic salts.

The alcohol used to precipitate the "glucoside
mixture” was concentrated to a small volume, and on being
set aside for some days deposited cubical and needle-shaped
crystals. Chemical examination showed the presence of
sugars and inorganic salts, while biological tests indicat-
ed the abaence of any toxic principle.

The lead acetate preo;pitate was next examined.

It was washed with warm water, freed from lead by sulphur-
etted hydrogen and the filtrate from the lead sulphide
precipitate eoncentraﬁed to a thin syrup. On adding this

to a large volﬁmo of strong alcohol a white floscculent
precipitate of the physiologically active principle was
obtained. This was filfered and dried in vaouo over cal-
cium chloride. The yield of this acid substance was usually
only .l per cent, a fact which made its preparation in any
quantity exceedingly difficult. It was found to be very
toxic when given hypodermically as a neutral body to mon-

keys and frogs.

30.
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The alsohol used to precipitate the physiol-
ogically active principle was concentrated to a small
volume and on being set aside for some days, usually depos-
ited small rosettes of acicular acid erystals whioh were
dried on & porous plate. The yleld (.4 per cent) was small,
but probably only represented a fraction of the total
amount present in the peas. Later, much larger yields

were obtained by using acetone instead of strong aloohol

»
o

in the precipitation of the physiologically active prin-
ciple. They proved to be toxic when neutralized with
sodium bicarbonate and given hypodermically to frogs,
guinea~-pigs, rabbits and monkeys, producing symptoms of
acute poisoning.

The following table gives the scheme adopted

in the isolation of these two active principles:-
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Ground ILathyrus Peas

" BExtract

:

Macerated in cold water
and expressed.

Boiled and filtered

Precipitate Filtrate

(proteins)

Precipitated with mercuric chloride
solution and filtered

Precipitate
(protein complexes)

Piltrate

Precipitated with lead acetate
solution and filtered.

Precipitate Filtrate
Washed with warm
water, decomposed Decomposed with HpS
with HoS and fil- - and filtered.
tered.
Precipitate Piltrate Precipitate Piltrate

(lead sulphide)

(lead & mercury
sulphides).

|

Precipitate of
PhysioYogically Active
?%incIEEe. 4

(Dried in vaec.

Concentrated to Concentrated to
syrup, added to syrup, added to
strong alcohol strong alecohol
and filtered. and filtered.
trate Precipitate Filtrate
P "glucoside Mixture" (sugaiz ?nd
— salts).

)
Concentrated to small

volume and sllowed to
crystallize.

Crystalline Active .
Acid. » %
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Tests with Physiologically Active

Principle (Alsohol Insoluble).

F
My
3

Chemical.
Y The orude active pi%ﬁcipiefpféved to be a white, amor-
bhous, hygroscopic substance which was very soluble in water
and very acid. Numerous attempts were made to purify it fur-
ther, by ocrystallization from water and dilute aleohol, bdbut
these regulted only in the formation of a glassy mass which
could be easily broken up into flakes. It was insoluble in
both ¢old and boiling ether, chloroform, acetone, benzene

and trichlor-ethylene. 1Its solution in water gave the follow-

ing reactions:-

(1) Lead acetate gave a dense white precipitate insoluble
in boiling water and dilute acetic acid; soluble in
strong mineral acids.

(2) Lead subacetate gave a similar dense white precipitate.

(3) Mercuric chloride gave no precipitate even on boiling.

(4) Mercuric acetate gave a dense white precipitate in-
soluble in boiling water and dilute acetic acid;

soluble in strong mineral acids.

(5) Phosphomolybdic acid gave little or no precipitate.

(6) Phosphotungstie acid gave no precipitate.

(7) Tanniec acid gave no precipitate.




(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

{19)

(20)

Pleric acid gave no precipitate.

Maeyer's reagent gave no precipitate.

Bouchardat's reagent gave no precipitate.

Potassium hydroxide gave a flocculent white
precipitate at the neutralisation point.

Sodium hydroxide gave a flocculent white precipitate.

Ammonium hydroxide gave a white precipitate at the
neutral point.

Sodium ocarbonate gave a faint precipitate in the
eold and a larger precipitate on boiling.

Sodium bicarbonate gave a dense white precipitate

at the neutralisation point. A larger precipitate j
was obtained on boiling or on allowing to stand ‘
for some days.

caleium chloride gave a dense white precipltate in
the cold but & larger precipitate on boiling.

Magnesium sulphate (saturated solution) gave no
precipitate even on warming.

Sodium chloride (10 per cent. solution) gave no
Precfpitate.

Ammonium sulphate (saturated solution) gave no
precipitate.

Ferriec chloride gave no precipitate but on boiling
The colour of the clear solution deepened to a

brownish-red tint.

34.




(21)

(22)

(23)

were
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Fehling's solution gave no reduction even after
Ey&rofysis of the acid substance with dilute
mineral acids.

Silver nitrate yielded only a trace of a greyish

amorphous precipitate soluble in dilute ammoniunm

hydroxide.

Ammonium oxalate gave a fairly dense white precipi-
“tate Insoluble in dilute ammonium hydroxide; %
soluble in dilute nitriec acid.

The following tests for proteins and amino acids

applied but with negative results.

1.
2.
3.

1.
2.

PROTEIN _TESTS.

Biuret reaction.

Xanthoproteic reaction.

Voisenet's reastion.

c<-Naphthol reaction.

AMINO ACID TESTS.

Ninhydrin reaction.

Werner's reaction.

X Purification of the active principle by precipitation

of the insoluble lead or meroury salt, followed by decompos-

ition with sulphuretted hydrogen always resulted in a very

big loss (80 per cent.) of material, due to absorpiion on the

sulphide precipitate. It was finally further purified by
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precipitation with sodium bicarbonate which "sglted out™ an
organic complex of calcium and magnesium, which was filtered
off and which, on being tested on frogs, was found to be in-
active. On adding the filtrate to a large volume of strong
alecohol, a white amorphous precipitate of the sodium salt

of the active principle was obtained. This was filtered

off and dried in vacuo. The free acid was obtained from

it by decomposing the lead salt with sulphuretted hydrogen,
and precipitating the active principle with strong aleohol.
It was very acid and gave the same reactions as the erude
product, but did not give any precipitate with alkalies;
attempts to ocrystallize it from water or dilute alcohol
failed. 1t did not form a derivative with para-bromo-
phenacyl bromide or para-nitro-phenacyl chloride. Many
experiments were conducted to obtain a crystalline salt, }k
but these so far have been unsuccessful. The equivalent

(by titration against standard barium hydroxide solution)
was found to be 145, while a combustion analysis yielded

the following results:-

Carbon = 25.1 per cent.

Hydrogen = 1.82 7 w

Nitrogen = 1.49 " "
AQﬁ§A3?4q%



57'

Biologieal.

Monkeys. |
Professor Stockman (17b) gave hypodermically 0.8 g. of

the sodium salt of the active acid to a Bonnet monkey, and
in a few minutes it had become very weak and paretisc. It
could hardly stand and was only able to drag itself about.
It lay down much on its side and at timea its legs were
stretohed out as if in & tetanic spasm. This effect lasted
all day; on the following day it was merely paretic and on
the third day seemed normal.

After death this animal showed degenerative changes
in the nerve fibres and chromatolytic changes in the nerve
cells of both the spinal cord and brain, similar to those
found in the monkey fed on lathyrus peas(&yd in human

lathyrism£>

Frogs.
2 to 3 og. of the acid (neutralised with sodium bi-

carbonate) given hypodermically to frogs produced paralysis
lasting for several hours, followed by inocreased spinal re-
flexes. Smaller doses produced the same symptoms to & lesser
degree, while larger doses usually resulted in death.

Phe substance seems to be a nerve and muscle poison,
since the muscles in the neighbourhood af the injection were
often irresponsive to the faradig current. Owing to its
acidity and caleium-precipitant nature it seems highly prob-
able that there will be disturbance of the calcium and alkali
balange in the body.



Tests with Crystalline Acid (Alcohol-soluble)

Chemical.

The acid, which crystallized with difficulty from the
alcohol or acetone used in the precipitation of the physiologi-
cally active prinoiple, was dried on a porous plate and then
re-crystallized several times from water. It formed rosettes
of acicular crystals or large rhombic prisms (Plate 4) accord-
ing to the physical conditions. These were very soluble in
water and acetone, fairly soluble in alcohol, but only very
sparingly or not at all in ether, benzene, chloroform and tri-

chlor-ethylene.

PLATS 4.

Crystals of the acid soluble in alcohol.

They gave the following reactions:-

1. When heated on platinum foil they first melted, gave
off water and then decomposed; charring took place

and pungent acid fumes were evolved.
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2. Lead acetate gave a dense white precipitate, insoluble

in dilute acetic acid but soluble in mineral acids.

3. Mercuric acetate gave a white precipitate, soluble in

mineral acids.

4. Calcium chloride in a neutral solution produced no

immediate precipitate in the cold, but on boiling
the solution, a orystalline precipitate was formed.
This was soluble in acetic acid but insoluble in

caustic potash.

5. Lime water, in excess, produced no precipitate in the

cold, but on boiling the mixture for some time a
white precipitate was formed which redissolved in

caustie potash.

6. Silver nitrate in a neutral solution produced a white

precipitate insoluble in dilute nitrisc acid, bdut

soluble in ammonium hydroxide.

They were finally identified as citric acid by the

following results:-

1. The orystals, dried for 48 hours in vacuo over
caleium chloride, gave an equivalent of 63.9 when titrated
against standardized barium hydroxide solution using phenol-

phthalein as indicator.
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2. The acid crystals dried in an electric oven at
60°C. gave a melting point reading of 151°C. 4 mixed melting
point determination with citric acid (dried) gave 150°.

3. They yielded the following results on combustion

analyeis:~
Mean results: C =37.644 ; H = 4.194.
Citric acid requires: C = 37.5¢ ; H =k4.l7%.

4. Some crystals dissolved in water were prboipitated
by barium acetate solution and the precipitate digested on the
éteam bath for one hour. It was filtered off, washed with hot
water and dried in a desiceator. The barium content of this
salt was then determined, and was found to agree very closely

with the result obtained for barium citrate.

Mean result: Ba = 52.34.

Barium citrate requires: Ba = 52.174.

5. They formed orystalline derivatives with para-
bromo-phenacyl bromide and para-nitro-phenacyl chloride melt-
ing at 102°C. and l43°¢. respectively. These results are in
direct agreement with those obtained by Emmet and Reid (23)
in their investigation of the derivatives formed by the inter-

action of citric aeid and the above reagents.

The foregoing data identified the orystals isolated

from the alcohol (or acetone) used in the precipitation of
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the physiologically active principle as citric acid. The

following tests were confirmatory:-

l. An aqueous solution of the erystals heated with
a dilute solution of mercuric sulphate in sulphurie acid, with
the gradual addition of potassium permanganate solution gave
a white precipitate. This is a positive reaction of Denighsg'
(24) test for eitric acid.

2. A small quantity of the acid was dissolved in a
little water, a few drops of deci-normal potassium permanganate
solution added, and the 11quid carefully warmed. A few drops
of ammonium oxalate were added, then a small volume of sulphuriec
acid and a few drops of bromine water. The turbidity whiech
appeared showed the presence of citric acid (Stahre's reaotioni

(25) .

3. A small quantity of the acid was dissolved in water
and oxidised with 4 per cemt. potassium permanganate solution.
A small quantity of resorcinol was added and then slowly sul-
phuric acid till a red colour appeared. After cooling, the mix-
ture was extracted several times with ether. A little water
was added to the ether extract and also a few drops of ammonium
hydroxide. An intense blue fluorescence, due to the formation
of /g‘hYdroxy coumarinacetic acid, showed the presence of

citric acid (26).
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Micero-test. A micro-drop of concentrated sulphuric acid was
added to 1 mg. of the acid and 2 mg. of vanillin on a wateh -
glass, and the mixture placed on & steam bath. After 3 minutes
it became brownish-violet in colour and after 10 minutes showed
a definite violet shade when held against the light. It was
now allowed to cool and 3 micro-drops of water added; the colour
changed to green. On the addition of 7 micro-drops of ammonium

hydroxide the green colour turned to rust red (27).

Although eitric acid is one of the common occurring
plant acids its presence in lathyrus peas has not previously
been demonstrated. Franzen and Helwert (28) mention its occur-
rence, however, in the seeds of Vicia sativa, Pisum sativum

and Vicla Faba.

Biological.

Several experiments with the sodium salt of the crystal-
line acid were conducted on monkeys, rabbits, guinea-pigs and
frogs by Professor Stockman, the results of which have not yet
been published.

Monkezs .
Expt. I. A Rhesus monkey (4 kilos.) was given hypodermiocally

0.85 g. of the erystalline anhydrous acid neutralised with
sodium bicarbonate. In 15 minutes it was evidently weak and

lay down on its side from time to time. One hour after adminis-
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tration the weakness had increased; it sat with its back bent
and head down, and often leant for support against the wall or
lay down on its side with the fingers and toes flexed. One
hour later it was much weaker, climbed slowly and oarefuily,
was unable to jump and lay down a great deal. It could still
move about on all fours, but had completely lost its agility
and alertness. It continued much in this condition for two
hours longer when it began to recover and ate freely. Next
day 1t was not nearly so agile as normally and was very easy
to handle, but had recovered to a very considerable extent.
On the third day it was still somewhat depressed but had appar-
ently suffered no permanent damage to its nervous system and
there was no local inflammation from the injections.

When the sodium salt was given per os it was not nearly
80 poisonous, the inference being that, like many other toxic
substances, it can be detoxicated by the body if the dose is
not too large and if its absorption is not so rapid as to over-

tax the detoxicating mechanism.

Expt. II. A Rhesus monkey got per os 2 g. of the sodium salt
of the acid dissolved in water. It remained rather quie?,
yawned s great deal, and probably had some weakness in the legs.
Next day 3.5 g. was given and this was followed by quite defi-
nite general muscular weakness, drowsiness and yawning.

On the third day 6 g. was given, after which, during
the whole day, it sat huddled up with all its digits flexed,
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inactive and very weak muscularly. Next morning it was found
lying on its back, semi-paralysed and semi-spasmodic with its
legs stretched out stiffly and the toes flexed. It recovered
sufficiently to be able to hobble about and during the next

two days gradually regained its normal activity. On the follow-
ing morning 1 g. of the sodium salt‘was given into one of the
leg veins, when it died almost immediately.

The heart was found beating when the thorax was opened
and continued to fibrillate for ten minutes. The brain, spinal
cord, lungs and abdominal viscera were of ﬁormal appearance
and there was no arterial or venous engorgement. Microscopic
examination showed slight eloudy swelling of the convoluted
tubules of the kidney. In the posterior root ganglia of the
splnal cord and in the sympathetic ganglia (stellate and
superior cervical) there were early toxic changes as mani-
fested by swelling of the cells and slight perinuclear chroma-
tolysis. Marchi's staining revealed very early myelin degener-
ation in the fibres of the seciatic nerve, spinal cord and cauda
equina. The brain and eord showed no cell changes.

This is & case of acute poisoning and the pathological
findings suggest (1) a very early stage of degemeration of the
nervous system resulting from the oral administration of the
salt and (2) rapid death due to paralysis of the medullary

centres from the intravenous injection.
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Rabbits.

Expt. III. In a rabbit (890 g.) 0.75 g. of the crystalline
acid (neutralised with sodium bicarbonate) given hypodermically
caused almost immediate paresis followed in ten minutes by a
series of tonic spasms. Thereafter the animal lay on its side
with increased reflexes, dilated pupils, dulled conjunctival
sensitiveness, and unable to move vpluntarily‘—-a mixture of
paresis and hyper-excitability. Ooccasionally it had a slight
tetanic spasm, after which it lay very limp or with slight
twitchings of the head and leg muscles. It remained in this
condition all day, but next day was sitting up, rather weak in

the legs but eating freely, and soon had quite recovered.

Expt. IV. A rabbit (790 g.) got 0.25 g. of the crystalline
acid (neutralized) hypodermically and became weak in the legs

for about four hours but otherwise was not much affected.

Expt. V. The effect of intravenous administration was
tested on three rabbits. When 0.5 g. of the sodium salt, in

2 csc. of water, was injected into the ear vein death occurred
immediately. With 0.25 g. of the sodium salt clonic spasms
and collapse came on at once followed after five minutes by
tonic spasms which soon passed off leaving a weakness in the
legs, but in an hour this also had disappeared. In the third

rabbit a similar dose had no visible action.
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Guinea-pigs.

Expt. VI. A guinea-pig (517 g.) was given hypodermically
0.5 g. of the erystalline anhydrous acid neutralised with
godium bicarbonate. In 5 minutes it had a series of tetanie
attacks and 10 minutes later lay limp on its side as if the
spinal cord was depressed, but still having slight abortive
spasms -~ a mixture of paresis and hyper-excitability.
Half an hour later it sat up but was very paretic and re-
fused to move about. The hyper-excitability of the cord had
passed off. It continued in this state till the late even-

ing, but next day was active, ran about freely apd ate well.

Frogs.

Expt. VII. In frogs doses of less than 5 mg. had no appar-
ent action and even with 5 mg. the effect was no more than
a very slight sluggishness. With 0.01 g. (neutralised)
given hypodermically a small frog rapidly became paralysed
and some hours later the heart was found stopped in diastole
and all the voluntary muscles inexcitable to the faradie
current. With larger frogs and doses of 1 to 3 c¢g. the in-
itial paralysis gradually lessened to paresis with inoreased
spinal reflexes, often tetanus, passing into recovery or

death.
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The symptoms produced in the foregoing experiments ?ﬁ
are ldentical with those obtained by von Vietinghoff-Scheel (29)
and Robertson and Burnett (30) in their investigations of the
action of citrates on mice, guinea-pigs and rabbits. It is
evident that the action of these substances is essentially
acute.

Chronic poisoning in animals, due to the administra- ?(
tion of citrates, seems to be unknown or at least, has not
been observed. This is probably due to the tolerance acquired
to the action of these drugs, since Robertson and Burnett (30)
have shown that, "as a result of administering repeated and
gradually increasing doses of sodium ocitrate, rabbits acquire
such a pronounced degree of tolerance for the drug that a
dose which normally produses extremely severe symptoms of in-
toxication; or even death, causes either very slight symptoms
or else no symptoms of intoxication at all.”®

Several opinions are held in regard to the precise
mode of action of ecitrates. +he general consensus of opinion
however, refers their toxic action to their power of dimin-
ishing the concentration of calcium ions in the tissues, by
converting the caleium into a mon-ionis form. The tolerance
to sodium citrate may thus be regarded as consisting essentially
in tolerance to deprivation of tissue-calecium, and the poss-
1vility is indicated that the sensitiveness of tissues to lack
0f caloium is a function of the ‘suddenness’' with which cal- ™

cium is withdrawn, as well as of the absolute amount of which
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the tissues are deprived. It is possible that the tissues
affected by sodium citrate can funection at various “ocaleium
levels,” provided that the transition from a higher to a 3
lower level is sufficiently gradual. on the other hand, it
is possible that the tolerance to deprivation of tissue-
oalcium, which is brought about by repeated administrations
of sodium citrate, is due to the dissolution of reserves of
calcium which are ordinarily untoushed, but which under the
influence of the drug become available to partially replace Y
the calcium, as rapidly as it is withdrawn from the tissues.
The following experimenfa with citriec acid and
sodium citrate were conducted on monkeys, rabbits and guinea-
pigs, in attempts to produce symptoms of chronie poisoning
in these animals. 1In view of the results obtained however,
it is highly improbable that eitric acid is the direct ocause
of lathyrism, although owing to its caleium-precipitant
' pature it must undoubtedly tend to disturd the calcium and
; alkali balance of the body, since oaspari (31) has shown that
the prolonged administration of at least one caleium-precipit-
ant, to wit oxalic acid, leads to a pronounced diminution in
the content of 1ime in the bones. In this connection it is
interesting to record, that a young monkey fed chiefly on
lathyrus peas for nearly two years showed very marked bone
changes at the time of death. Kobert (32) also notes thal
the symptoms (neuro-museular) in chronic cases of oxalie acid
Poisoning are heightened by the eating of lemons and oranges,

Owing to their ditric adid content.
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Monkeys.

A large Bonnet monkey was fed on g diet of bread (eooked
by steaming) plus 5 g. of butter, éo grains of sodium citrate
and a plentiful supply of fruit daily. It showed no symptoms
after 15 days' feeding and oitric acid (60 gr.) was substituted
for sodium citrate. Despite the change, the animal was not ~
affected in proportion to what was expected from the large |
daily dose of acid, and showed either no symptoms, or only very
slight weakness in the legs. The experiment was stOpgfd after
83 days' feeding, as the animal seemed to be qgggigggiy un-
affected by the acid.

Rabbits.
Two rabbits were fed on a mixture of maize meal
{4 parts) and wheat bran (1 part) with the addition of 60 grains
of sodium citrate and 60 g. of cabbage daily. They showed no
sympfoms after 15 days' feeding, and citric acid (60 gr.) was
substituted for sodium eitrate. After 70 days' feeding their
coats were not in good eondition but the animals were otherwise
normal. Determination of the calecium content in the blood
serum of these rabbits after 89 days' feeding gave the follow-
ing results. ‘ :
=7
(1) Ca = 11.66 mg. per 100 c.c. of serum.
(2) ca = 9.54 mg. per 100 c.c. of serum.

11

h)

Normal rabbit requires Ca =14 - 18 mg. per 100 c.c. of serum.

One animal died owing to an accident without show-

ing any further symptoms, but the other gradually became weak
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and was completely paralysed in the hind legs after 127 days'
feeding. An X-ray examination of the bones of this animal showeé‘
no evidence of rickets (Plate 5), but a determination of the cal-
cium content of the bdlood serum showed the presence of only 8 mg.
of calcium per 100 c.c. of serum. The ce¢itric acid was withdrawn
from the diet and a salt mixture substituted, when the rabbit re-
covered and the calecium content of the blood serum became normal.
On restoring the acid and withdrawing the salt mixture, it was
found that the animal had acquired a complete toleransce to the

drug, since it showed no further symptoms even after nine months'

feeding.

Guinea-pigs.

Two guinea-pigs were fed on a mixture of maize meal
(4 parts} and wheat bran (1 part), plus orange juice and 30 grainms
of ecitric acid daily. They lost about one-third of their weight,
and died in 20 and 21 days respectively. Their general condition
remained good and there seemed no apparent cause of death. This
was evidently a case of acute poisoning.

Experiments conducted on frogs by Professor Stockman o
have shown that the effects (paralysis ete.) produced by the |
hypodermic injeotion of 3-5 eg. of sodium citrate can be inhibited
by the almost simultaneous injection of a dose of calcium acetate
(3 6g.). This is in agreement with the results obtained by Bus-
quet and Pachon (33), who have.shown that there is an antagonism

between sodium citrate and soluble calcium salts in their action

on the heart and on the vagus nerve.




PLATE 5.
Radiograph of hind leg of rafchit receiving 4 g
oitrio aoid daily in food.

(After 127 days’ feeding.)
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fhe PhOSphate Content. , Tﬁi
X

Léthjrus contains large quantities of inorganic phos-
phates (chiéfly as KH2PO4), and these can be recovered from
the alcohol-soluble portion of the decompositioﬁ product de-
rived from the lead acetate precipitate, by neutralising
with sodium hydroxide followed'by fractional cerystalliza-
tion, when sodium phosphate separates out in rhombiec prisms.
in one experiment 75 g. of these were obtained from a 5 kilof
lot of Lathyrus cicera peas. ~ ?ﬂ
1t is highly probable that the acid phosphate, which
is in excess of the calcium content of the peas, plays an
important part in the production of lathyrism, sinece Binger (34),
Salvgsen, Hastings and McIntosh (35) and Salvesen and Linder (36)
have shown that hypocalcaemia and tetany result in dogs after
repeated administrations of large amounts of phosphate. The
scid salt probably affects the calcium and alkali balance N
of the body, and tends to lead to inereased exéretion of
inorganic salts, especially calcium. It 18 quite conceiv-
able that this, in conjunction with other influences, might
have a very disturbing effeect on the nervous system, since
1t has been shown by Locke (37) and Overton (38) respectively,
that calcium is necessary for the passage of the nerve im-
pulse from nerve to musele across the myoneural junction,
and for the transmission of the exeitatory process through

the synapses between nerve fibrea and nerve cell bodies.



The following biological experiments show the ~i
effests of ingestion of repeated doses of phosphate in |
rabbits and guinea-pigs.

The amounts of phosphate and eitric ascid in s
lathyrus diet weré calculated, and were superimposed on
a supplemented diet of maize meal and bran. The ultimate
effects produced, were due to the total phosphate and

citrie acid present.

Rabbits.

Two young rabbits (3-5 months) were fed on a mix-
ture of maize meal (4 parts) and wheat bran (1 part), plus
45 g. cabbage, 1.2 g. sodium phosphate and .38 g. citrie
acid. They gradually lost weight and their coats became
very bare. One died after 28 days' feeding having lost
nearly one-third of its body weight. 1Its bones were
brittlé, thinned and deprived of calecium. The other con-
tinued to live, but after 61 days' feeding began to exhibit
marked tetanic spasms with violent muscular twitchings.

At this stage it was in a miserable condition owing to loss
of fur, and the dose of phosphate and eitric acid was re-
duced by half. 1t continued to show tetanic spasms at
intervals, but it increased in weight and the condition

of its soat improved. It was still alive after 96 days'

feeding.
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Guinea-pigs.

Iwo guinea-pigs were fed on a mixture of maize

meal (4 parts) and wheat bran (1 part), plus .38 €. sodium

phosphate, .13 g. citric acid and a plentiful supply of
orange Jjuice daily. One lost much weight, became weak in
the legs and died after 49 days' feeding. A post-mortem
examination showed the presence of purulent cysts on the
liver and spleen. Although the other maintained its
weight and remained in fairly good condition, despite
8light weakness of the legs, it died in 92 days. A post-
mortem examination showed the viscera to be healthy,
except for a 'mottling' on the kidneys suggestive of
nephritis.

Conolusion.

Without generalizing further than the observed

54.

facts warrant, it is evident that the foregoing experimental

work must throw some light on the aetiology of lathyrism.

However it must always be understood that studies made upon

animals cannot be asccepted unreservedly in the domain of

human pathology, since they are merely tentative and intro-

ductory in nature and must await confirmation by clinical

mediecine.

The biolpgleal work has shown that the disease is not

due to lack of vitamins, since all the animals were having
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vitamin-containing foods in abundance, while the chemical
investigation has shown the presence of;éﬁzpcid substance &
which on hypodermie injection can produce in monkeys, de-
generative changes in the brain and spinal cord similar
to those found in animals fed on lathyrus and in human
lathyrism. The most probable explanation of the asction
of this substance is that it is not only irritant and
poisonous in itself, but that it has the secondary effect
of withdrawing inorganic saslts, especially calcium, from
the blood and tissues. in this connection, the large
citriec acid and phosphate content of the peas must also
Play an important part in producing the final complex

condition lathyrism.
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the Soya Bean (Glycine Soja).

The soya bean (suggested derivation, Japanese shoyu) ,
also known as the soja bean and in the United States as the
80y bean, is a medium-sized pulse with a white smooth seed-

coat (Plate 1, Fig. 4). It is the seed of Glycine Soja,

a small, sub-erect, trifoliate hairy annual with pods gen-
erally 3 to 4-seeded. This bean has long formed a consider-
able article of food in China and Japan, and is mentioned
in the "Pen Ts'ao Chin" which was written by the Emperor
Shennung in the year 2838 B.C., and which is the first
Chinese record that deseribes the plants or the country.
Since 1873 it has been grown as an experiment in some of
the warmer parts of Europe, largely through the propagand-
ist efforts of Profeasor Haberlandt (Viemna), and has been
found to grow well in the places where maize also thrives.
It is at present extensively cultivated in the warmer
regions of India, Japan and China, especially Manchuria
where it was first introdueed by the Chinese in 1870. The
extent to whieh it is grown in the East can be partly as-
certained trrom the fact that in 1926 Manchuria exported
1,423,000 tons of the beans and 165,000 tons of the oil.
From this source Great Sritain imported 46,000 tons of
beans and 43,000 tons of oil, while Germany consumed
870,000 tons and 20,000 tons respectively.

Small acreages of the bean are also grown in Italy,




France, Russia, Hawaii, Egypt, South Africa and South
America.

In the Far East, it is of primary importance as
an article of food, since it is eaten by all classes and
in some form or other at almost every meal. Compared even
with other pulses, its chemical composition hnwevery en-
titles it to a very high place as a food capable of supple-
menting the deficiencies of rice and other starchy grains.
Very few vegetable products are as rich in both albdbumin-

oids and fats.

Composition of Soya Bean.

Water 114
Albuminoids 36.34
Starch and sugars 264
Fat 18.94
Fibre 4.2%
Ash - 4.6%

In India it is used to some extent as a dal, boiled
like other beans, but in China and Japan three preparations
are extensively made from it. Soy sauce is the best known
of these, but more important are the soy or bean cheeses
(natto, miso or shoyu), and a kind of paste. The sauce is
made by mixing the boiléd beans with roughly ground wheat

or barley, covering for twenty-four hours, and then allowing

the mags to ferment. After salting, watering and stirring
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daily for two months, the liquid is then drawn off, filter-
ed and casked. A special cheese known as Teau-fou is also
prepared by the Chinese. The beans are ground with water
and the resulting emulsion separated from the cellular
tissues by filtration through cloth. The filtrate is brought
to the boiling point, cooled, and when almost eold a little
selt is added; the coagulated mass, when drained and press-
ed, constitutes the cheese.

| The beans are imported into this country in large
quantities chiefly from Manchuria, and after crushing the
0il is extracted. It is extensively used for cooking pur-

poses etc., and in the manufacture of soap. The residual

meal forms an extremely rich cattle food sinee it contains
44 per cent. of proteins, %4 per ocent. of sarbohydrates and
1 per cent. of fat.
On the whole it has proved highly satisfactory as
a cattle food, but from time to time cases of poisoning
have occurred from its use, sometimes on a considerable
scale, and have been recorded in the veterinary journals.
In 1916 Sir Stewart Stockman (39) reported on a
fatal outbreak in the South of Scotland, in which 67 cows

were affected and of these 54 died. They had all been fed
for periods varying from 50 to 71 days, on & mixture of
S0ya meal, hay, bran, crushed oats and fresh grass. Pigs,
sheep, very young cattle and those not in milk, although

receiving the same feeding, were unaffected. A peculiar
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feature of the outbreak was the fact that symptoms did
not appear for a considerable time, and often only after
the use of the soya meal as food had been discontinued.
This 18 very reminiscent of what oscsurs in lathyrus pois-
oning, especially in horses. The symptoms were drying up
of the milk, bleedings from the nose and bowel, fever and
abdominal pain; after death large haemorrhagic lesions
were found in the subcutaneocus tissues, muscles and vis-
cera. The farmers attributed the illness to poisoning by
the soya meal.

Experiments carried out by the Ministry of Agri-
culture in 1916 and Professor Stockman (17e¢) in 1927
however, failed to show the presensce of any chemical poison
in the‘meal.

From the post-mortem findings it seems likely that
the animals died from the effects of scurvy, which had prob-
‘ably been greatly aggravated by the poisonous constituents

which have since been shown to exist in the meal.

The present investigation was conducted on the
defatted meal and has shown:

1. That a diet of soya meal can produce in a monkey
symptoms similar to those found in lathyrus
poisoning.

2. That soya contains (1) a physiologieally active

| prineciple whiech is similar in its action to




that found in lathyrus and which can be extracted

by similar chemical methods and (2) citric aeid.

3. That this active principle is poisonous to other animals

on hypodermic injection.

Experimental.

(i) Preliminary Feeding Experiments.

Monkeys.

| A monkey was fed on soya meal (ad libitum) cooked by
steaming, with the addition of fruit daily. After 14 days
no toxiec symptoms were visible. It was then given in addi-
tion drinking water in which 100 g. of the meal had been
macerated for 24 hours. The'effeot of the increase of dose
was very marked. After each meal it became inactive and
drowsy, and sat very much bent down for 2 or $ hours. When
drinking water from the maceration of 200 g. of meal was
glven, it became definitely paretisc, inactive and drowsy
‘(Plate 6). The experiment was stopped after 31 daya, and
the monkey gradually recovered when it was put on a normal
diet of bread, milk and fruit. After 14 days it was per-

feetly normal again.

Rabbits.
rabbits fed on raw soya beans or meal, lost wgight
steadily and died in 61-95 days. They all developed at

timeS, slight tremors and spasticity in their legs. Kabbits




Soya.

PLATE 6.
Monkey after 31 days'

feeding.

61.
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on similar diets, supplemented with orange Jjuice, died in

a much shorter time (7-17 days) than those fed on soya only.
when cabbage was added to a megl diet however, rabbits re-
mained in perfect health, increased in weight and throve
normally. Thé withdrawal of the cabbage resulted in loss

of weight and general decline.

Guinea-pigs.

Guinea-pigs ted on soya beans, or meal cooked by
steaming, gradually lost weight and died in 18-39 days.
Post-mortem they exhibited small haemorrhagiec lesions in
the stomach, bowel, muscles and éertain Joints. ‘he addition
of orange, lemon or turnip (swede) Jjulce to the diet failed
to prevent, and in two of these (orange and lqmén), actually
hastened the onset of the symptoms, although cabbage exerted
& protective action. Butter alone (as a source of vitamin A),
Tailed to supplement a diet of soya meal and orange juice,
although when used in addition to a salt mixture (Osborne-
Mendel) it prolonged the lives of.the animals, but did not
afford complete protection against the poisonous effect of
the meal. Guinea-pigs fed on soya meal with the addition
of cod-liver oil, yeast, inorganic salts and orange juice
also rapidly lost weight and died in 11-14 days.

‘Phe results of these feeding experiments conducted
on guinea-pigs are in agreement with these obtained by 0s-
borne and Mendel (40) and Daniels and Nichols (41) in similar

éXperiments on rats.
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(ii) Chemical and Biologieal.

Many samples of soya meal (o0il extracted) were
examined by the lead method and were found to agree very
closely in regard to their chemistry, although they differed
considerably in their content of the toxic substance.

The pﬁritied extract of each sample was first pre-
pared by the usual method and was found to be very toxie
when given hypodermically to animals.

A Rhesus monkey got 5 g. of this purified extract
hypodermically and immediately became very weak in the legs.
Later in the day it became much worse and was only able to
move about with difficulty. The following day it was still
very weak and lay on its side a great deal with its toes
Tirmly flexed. 1t remained in this condition for 4 days
after which it seemed to recover.

The “glucoside mixture" was then examined and was
found to consist chiefly:of>sugars and inorganic salts. The
yield obtained was usually 2-3 per cent. It was toxic how-
ever, and 0.2 g. (neutralised with sodium bicarbonate) given
hypodermically to a frog produced paralysis for several hours,
followed by increase of spinal reflexes lasting for several
days. As in the case of the "glucoside mixturef of lathyrus,
repeated treatment of this mixture with lead or mercuric
acetate removed the poisonous constituent as an insoluble

lead or mersury salt respectively. In one experiment 0.2 g.



64.

of a "glucoside mixture,” which had been treated twise with
mercuric acetate and once with lead acetate, was given hypoder-
mically to a frog and was found to have no aection of any kind.

Examination by the usual method of the decomposition
products derived from the lead acetate precipitgte, showed
the presence of an active principle, insoluble in strong al-
cohol or acetone, but soluble in water. It showed the same
properties and gave the same chemical reactions as the active
principle from lathyrus. It was furt§§r puxif;ed by treat-
ment with sodium bicarbonate whieh "séi%géigéés an organic ]
complex of caleium and magnesium, which was filtered off and
which, on being tested on frogs, was found to be inactive.

On adding the friltrate to a large volume of strong alcohol

a flocoulent white precipitate gf the sodium salt of the
active principle was obtained which was filtered off and drted
in vacuo over caleium chloride. The free acid was obtained
from it by decomposition of its insoluble lead salt by sul-
phuretted hydrogen, followed by precipitation with strong
alecohol. It has not yet however, been obtained in an absol-
utely pure state, despite many attempts to orystallize it

from water and dilute aleohol.

The physiologically active principle of soya proved %o
be a white, amorphous, hygroscopic substance very soluble in
water and very acid. It gave dense white precipitates with
the salts of the heavy metals but no precipitate with the us-
ual alkaloidal reagents. It did not give the reaotions of &

Protein, amino-acid, glucoside or saponin. Para-nitro-phenacyl
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chloride and para-bromo-phenacyl brbmide did not interact with
it to form ecrystalline derivatives. So far, attempts to pre-
pare a crystalline salt from it have failed but further efforts
are being directed along these lines. Owing to the small yield
obtained (.1 per cent.) it would almost require a miniature
manufacturing plant to prepare the erude prineiple in any quan-
tity for a thorough chemical examination. This is further in-
dicated in view of the fact that the lead method, whieh is the
only one at present available for its purification, results

in an enormous loss of material (80 per cent.).

An examination of the aleohol (or acetone) used in the
precipitation of this physiologically active principle showed
the presence of large quantities of eitric and phosphoric acids.
The former was identified by the tests already given under
lathyrus, and the latter by the ordinary analytical reactions
for phosphates.

The citric acid erystallized from the alecohol {or.
acetone) in the form of rhombic prisms or aggregates of needles;
the yield was usually 0.5:per cent. The action of these when
tested (in the form of the sodium salt) on animals was found
%0 be identical with that of the corresponding erystals from
lathyrus.

The phosphate was recovered from the mother liquor by

neutralising with sodium hydroxide and submitting the mixture

to fractional erystallization. The yield of sodium phosphate

Obtained from the beans was usually 1 per cent.
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Biological Experiments with Physiologically

Active Principle.

The active principle proved to be very toxic when
given hypodermically as & sodium salt to monkeys, rabbits
and frogs. The following experiments were conducted by

Professor Stockman (17b).

Monkeys.
A Rhesus monkey received 0.7 g. of the sodium salt

of the active acid hypodermically and in a few minutes became
very uneasy. It lay down a great deal owing to weakness in
the 1limbs and all day remsined very paretic and was unable

to climb. Next day it was still weak and unable to elimb;

it ate very little food. On the third day it ran about free-
ly but ite legs were still weék., On the fourth day it seemed

normal.

R&ﬁbits.

A rabbit received.l g. of the sodium salt of the
active acid hypodermically énd became very feeble and had
marked weakness in its hind legs. Another gnimal which
received 0.5 g. of thé active acid neutralised with sodium
bicarbonate showed no marked symptoms except a slight weak-

ness of the hind legs on the day following the injection.

Frogs.
When 0.05 g. of the active acid (neutralised with

80dium bicarbonate) was given hypodermically to frogs they
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immediately became paralysed, due to an action on the
brain and spinal cord. The paresis usually lasted for
several hours where the animals survived, and was followed
by inereased spinal reflexes lasting for several days. Some
animals exhibited very marked muscular twitchings, others
severe general tetanus. The general effect of a dose of
0.05 g. (neutralised) given hypodermically to a frog sould
be inhibited by the almost simultaneous injection of a dose
of calcium acetate (0.03 g.)

Several experiments with the astive principle were
conducted by the writer on fish, but these did not indicate
the presence of an active saponin. The ordinary minnow
(Leuciscus phoxinus) and goldfish (Cyprinus auratus) were
entirely unaffected by the presence of fhe principle in a
dilution as low as 1 in 1,000 parts of water.

Numerous laking experiments conducted on defibrinated

blood also showed the absence of an active saponin.

Other leguminous seeds, widely used.for human food
or cattle forage, were also investigated by the same methods
and were found to be as toxic as lathyrus and soya. The poison
in each of these proved to be analogous to, if not identical

with, that already obtained from lathyrus and soya.

-
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Lentils (Ervum lens).

This valuable pulse (Plate 1, Fig. 3) which acoord-

ing to De Candolle (42) is a native of western temperate
Asia, Greece and Italy, is supposed to be one of the first
pPlants cultivated by mankind. Lentils have been found in
the lake dwellings of St. Peter's Island (Bronze Age). The
red Egyptian lentil is ocultivated in one or other variety in
India, Persia, Syria, Egypt, Nubia, North Africa and in
Europe along the coast of the Meditsrranean and as far north
as Germany, Holland and Frange.

Lentils are more peculiarly the food of the poor in
all the countries where they are groﬁn, and they are often
spurned when better food can be obtained, hence the proverd,
'Dives factus iam desiit gaudere lente.' In India the lentil
is eaten boiled as a dal, rlaioured with various spices and
condiments, also as a component part of the dish called
kichri, and it is considered the most nutritious of the pulses.

. In British c§mmerce two kinds of lentils are princip-
8lly met with, French and Egyptian. The former are usually
801d entire, and are of an ash-grey colour externally and of
a yellow tint within; the latter are sold like "split"™ peas,
without the geed-coat and consist of the reddish-yellow
cotyledons, which are smaller and rounder than those of the
French lentil.

Haller says that lentils are s0 flatulent as to kill

horses. Their bad reputation is aseribed to contamination
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with the seeds of the bitter vetch or tare lentil {Ervum
ervilia), a plant whioch closely resembles the true lentil in
many respects and whose seeds are without doubt possessed of
deleterious properties — producing weakness or even paralysis
of the extremities in horses which have been fed on them.
The poisonous prineciple seems to residg chiefly in t@g“bitter
seg&:eoat, and can apparently be remo;;d by steeping in water,
since Gerard speaking of the bitter vetch says, "kine in
Asja and in most other countries do eat thereof, being made
sweet by steeping in water.”
The herbage of the lentil is highly esteemed as green-
food for suckling ewes and all kinds of cattle, being said
to increase the yield of milk. |
The present investigation was condueted on ordinary
lentils as sold in market-places and has shown (1) that
this pulse exerts an action similar to lathyrus when fed
to monkeys and (2) that it contains an acid substance which

is similar in its action to that found in lathyrus and which

oan be extracted by & similar chemical method.

Experimental.

A preliminary feeding experiment showed that a monkey
Ted on a diet of lentils cooked by steaming, with the addi-
%ion of some milk snd a pleﬁtiful supply of fruit daily,
gradually lost its normal activity and exhibited slight mus-

cular tremors. .
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On the 49th day it became very paralysed and remained
in this condition until its death on the 52nd day.

A post-mortem examination showed the viscera to be
healthy but on miocroscopic examination the brain and spinal
cord showed degenerative changes similar to thoéeufonnd‘

in the lathyrus monkey.

Chemisal and Biological.

The present investigation consisted of the examina-
tion of the ¢old water extract of one sample (2 kilos.) of
ground lentils by the usual lead method. |

The purified extract was found to be toxic and the

following animal experiments iere conducted with it.

Monkeys.
A Bonnet monkey, which received hjpodermioally 4 g. of

the purified extract, sat huddled up all day and lost its nor-
mal agility. ©Two days later it received 5 g. hypodermically
and became much weaker. A day later, a further 2 g. was given
and almost immediately it became very paralysed. It exiibited
elonic spasms of the arms and general clonic convulsions with
marked flexion of the joints (Plate 7). These passed off but
the animal 8till remained very paretisc. The following day it

oontinued to be very weak with flexion of the fingers and on

the thirg day it seemed normal again5




Lentils

PLATE 7,
Monkey after hypodermic injection

of purified extract.
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Rabbits.
A rabbit received 4 g. of the purified extract hypo-
dermically but showed no symptoms of any kind.

Decomposition of the lead acetate precipitate yielded
an acid substance, insoiuble in alcqhol, which had an action
on frogs similar to that of the eorresponding substance from
lathyrus and soya. The yield was 0.08 per cent. It showed
the same properties and gave the. same chemieal reactions as
the active principles already isolated. 0.05 g. of this
substance (neutralised with sodium bicarbonate) given hypof
dermically to a frog produced paralysis for several hours,
followed by inorease of aspinal reflexes lasting for several
days. Larger doses caused death, and smaller doses depres-
sion followed by inorease of reflexes.

The small amount of material available (1.4 g.)

did not permit of further investigation.
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The Common Pea (Pisum sativum).

The common, cultivated or garden pea (Plate 2, Fig. 3)

is the seed of Pisum sativum. TIts origin is not known, and
since it has not been found in a wild state, it s considered
that it may be a form of Pisum arvense. It was known to
Theophrastus (43), and De Candolle (42) points out that the
word 'pison’' or its equivalent oeccurs in the Albanian tongue
a8 well as in Latin, whence he soneludes that the pea was
known to the Aryans and was perhaps brought by them into Greece
and Italy. Peas have been found in the Swiss lake dwellings
of St. Peter's Island (Bronze Age). Since they constitute
& highly nutritious article of diet owing to their large con-
tent of protein matter and are easily oultivated, they'are
grown to some extent in most countries, but more extensively
in India, France, Italy, Canada and South America. In India
the green pods are collected while the plant is growing, and
are either cooked and eaten like French beans, or the young
Seeds are extracted and eaten in the same way as by Europeans.
The peas, when fully ripe may have either a yellow or
green colour, and are imported into this country in large

quantities from many parts of the world.
The present investigation was sonducted on both dried

green peas ("blue" peas) and Chilian peas (yellow) and has

yielded results similar to those found for lathyrus and

SOyg etc .
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Experimental.

A preliminary feeding experiment showed that a monkey
was unaffected after 30 days' feeding on a diet of "splitn
peas (Chilian) cooked by steaming with the addition of milk
and fruit daily. 1t was then given daily, drinking water in
which peas had been macerated and graduvally became paretiec.
It remained in this eondition until it died on the 56th day
from the commencement or the experiment. A post-mortem exam-
ination showed pathological changes in the brain and spinal
cord similar to thosé already deseribed (for lathyrus, soya etc.).

The aqueous extracts of two separate lots of peas were
éxamined by the usual lead method. They yielded active puri-
fied extracts one of whieh (from yellow “split¥ peas) was
tested on a monkey by Professor Stockman (17b). It proved to
be very poisonous, sinece 4 g. given hypodermically produced
Paralysis followed by death in 7 days. After death the animal
showed the usual degenerative changes in the brain and spinal
cord.

Decomposition of the lead acetate presipitates by the

usual method yielded an alcohol-insoluble acid substance which

Was very toxie when tested on frogs. The yield however always

Proved to be very small; in one experiment .95 g. was isolated

from 2 kilos. ot Chilian peas. 4 dose of .05 g. (neutralised

With sodium biearbonate) given hypodermically to a frog pro-

Quced complete paralysis almost at once, followed by death in

8 hours. A gmaller dose produced paralysis, but the frog re-
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covered in 24 hours when it exhibited marked inereage of
reflexes. The active principle possessed the same physical
properties and showed the same shemical reactions as the

corresponding substance from lathyrus and soya.
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Haricot Bean (Phaseolus vulgaris).

Haricot bean (Plate 2, Fig. 4), is thg name given
to the seed of many varieties of Phaseolus vulgaris, a plant
which is supposed to have been 1ndigenous to South America,
and which is now cultivated in many parts of the world where
the climate and s0il are suitable. After being cooked the
beans are wholesome and nutritious as an article of food,
although MecDougall (21) has recorded cases of illness result-
ing from their ingestion in the faw state. Owing to their
high content of protein matter they have been frequently re-
commended as substitutes for the more expensive sourses of
protein, viz., meat, milk and eggs.

The genus Phaseolus, to whieh this bean belongs, in-
cludes fhe Java or Rangoon bean (Phaseolus lunatus), which is
imported into this country in considerable gyuantity for stock-
feeding, and has at times caused the death of & large number
°f animals. 1t also includes the Mung bean (Phaseolus Mungo),
which Watt (5) records as the most esteemed of all pulses in
Indig.

The beans have not aroused any marked suspicions that
they might be poisonous, although Professor Mellanby (69b) in
1931 showed that a dog fed on a supplemented diet of dried
haricot beans developed an abnormal gait, and after death

showeq pathological changes in the spinal cord. The addition

Of cod-liver oil to this diet prevented similar changes in

another animal.




™,

The present investigation has shown for the first
time that the beans contain (1) a principle of acidie char-
acter which is poisonous to animals on hypodermic or intra-

venous injection and (2) eitriec acid..

Experimental. ?f

Ro preliminary feeding experiments were conducted.

Several aamples of the ordinary beans so0ld in market-
Places were examined and were found to exhibit considerable
differenges in their toxie content.

Deoompositioﬁ of the lead acetate precipitates by the
usual method yielded an acid principle, insoluble in strong
alcohol, which was found to be toxic when tested on rabbits
and frogs, and which gave the same chemical reactions as the
corresponding acid substance obtained from the other legum-
inous seeds. The yield was .05 per cent.

The aleohol used in the precipitation of this prin-
ciple was found to contain phosphoric and citric acids. The .
organic acid orystallized on setting aside for some days the
alecohol which had been concentrated to a thin syrup, and was
identified by misro-chemical methods. The yield obtéined, how-
ever, was usually small (.2 per cent.) but probably represented
only a fraction of the total amount present in the beans.

The following experiments were conducted on rabbits

and frogs with the physiologically active principle.
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Rabbits.

A rabbit (1930 g.), which received 1 g. of the crude
&ctive principle (neutralised with sodium bicarbonste) into
a vein of the ear, went into convulsions and died almost im-
mediately.

Another animal (1940 g.), which received .5 g. of the
active substance (neutralised with sodium bicarbonate) intra-
venously,‘showed muscular tremors and weakness in the legs.

A third animal (1940 g.) got .21 g. (neutralised)

intravenously but did not show any marked symptoms.

Frogs.
Doses of 3 to 5 e¢g. of the active prineiple (neutral-

ised) when given hypodermically to frogs produced paralysis

and at timea tetanus, followed by increase of spinal reflexes.
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The Vetch (Vieia'sativa).

This small pea (Plate 2, Fig. 1) which has a black

seed-coat, is the seed of Vicia sativa, a plant which is in-
digenous to Great Britain, and has from a remote period, been
grown in Southern and Central wurope as a forage-plant. It
is also called the tare, and is mentioned in the Authorized
version of the Bible (44) although some botanists think that
the Darnel (Lolium temulentum) is meant. Some of the older
English writers oombine both names in the terminstion tare-
fytche.

In India it does not occur truly wild, but always
cultivated, though it is said to occur spontaneously in the
Patna district where, though very little used or esteemed,
the seeds are made into cakes by the poor.,

The present investigation has shown the presence in
the peas of an active principle which is similar in properties

to that obtained from lathyrus.

Experimental.

No preliminary feeding experimenis were conducted.
The agqueous extraét of one small lot (2 kilos.) of
Russian tares was fully examined by the usual lead method.
The purified extract (yield 2 per cent.) was found
to be toxic and the following experiments were conducted with

it by Professor Stockman (17b).
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Monkeys.
A monkey received 4 g. of the extract hypodermically

and immediately became weak and paretic. The effect laéted

for 24 hours.

Rabbits.

A rabbit (650 g.) got 4 g. of the extract hypodermi-
cally but did not show any marked symptoms.

There was isolated (by the usual method), from the
decomposition products derived from the lead acetate precipi-
tate, a crude acid principle (yield <1 per cent.), insoluble
in absolute alcohol, which was active when tested on animals.
It possessed the same physical properties and gave the same
chemical reactions as the egrreaponding acid substance from
the other leguminous seeds. The following experiments with

its sodium salt were conducted by Professor Stockman (17b).

Monkeys.
A monkey received hypodermically *95 g. of the sodium

salt and immediately became very paretic. This condition
lasted for two days but on the third day the animal was al-

most normal again.

Rabbits.
A rebbit (1300 g.) which received hypodermically 1.2

g. of the sodium salt immediately became paretic and lay on

its abdomen. The paresis lasted for 2 hours, after which the

&nimal‘seemed t0 recover.
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The Pigeon Pea (Cajanus indicus).

This small pea (Plate 2, Fig. 2), which has a shiny

orange-brown seed-coat, is the seed of a plant very extensively
grown in Africa, Madagascar and in the East and VWest Indies.

It was probably introduced into the West Indies and Amerieca
from Africa, where several botanists have found it growing

in the wild state. It has been long cultivated in India on

a large scale, but nevertheless, no Indian botanist has ever
recorded having found it wild, or even naturalised‘there; thus
there would seem little doubt that in India, it is an intro-
duced plant. It is not mentioned in any of the Sanskrit

works.

Although the peas are not much used in this country,
except for feeding pigeons, they are largely oohsnmed by all
classes in many parts of India, and in some places, they are
eaten to a larger extent than any other pulse. They are known

to the Hindus as arhar (urhur), and are thus used:

(1) Parched in hot sand and eaten dry, or with salt
or oil.

(2) Ground into flour and made into cakes, or ground
into meal and mixed with water.

(3) Steeped in cold water and rubbed into a paste,
which is made into balls; these are dried in
the sun and used in ocurries.

(4) Boiled in about six times their bulk of water un-
t1il1 soft,and then flavoured with condiments.
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The raw or cooked peas have always been regarded as
very wholesome and nutritious, although Kirk (45) records
that they have been known to cause chronic poisoning in man.
He gives as the symptoms, urticaria, heat in the stomach, dis-
coloration and affections of the skin (not unlike those occurr-
ing in pellagra) and rheumatic pains.

The present‘investigation has shown that this pea con-
tains an active principle which is poisonous to animals on

hypodermie injection.

Experimental.

No preliminary feeding experiments were conducted.

The cold water extract from a small sample (1 kilo.)
of the ground peas was fully investigated by the lead method.

The purified extract was first examined and was
found to be very toxic when given hypodermically to frogs,
but only very slightly so to rabbits. No experiments were

conducted on monkeys.

Rabbits.
A rabbit (800 g.) received 2 g. of the extract

(neutralised) hypodermically and showed little or no symptoms
except slight depression. On the following day it seemed

normal and observations were then stopped.

Frogs. |
Doses of 1 to 2 dg. of the purified extract (neutral-
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ised) given hypodermically to frogs produced paralysis for
several hours or a day, followed by increase of reflexes
lasting for several days. “

By the usual method, there was 1solated from the
decomposition products derived from the lead acetate pre-
cipitate, a minute amount of an active principle insoluble
in strong alcohol. This was poisonous when given to frogs
as & sodium salt, doses of 2 to 3 ¢g. producing paralysis
followed by increase of spinal reflexes. The yleld obtain-
ed (.15 £.) however did not permit of a fuller examination
of its pharmacology. Mioro-chemical methods of analysis
showed that it gave the same chemical reactions as the cor-

responding substance from the other leguminous seeds.
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Cereals.

General. Cereals are the fruits of the cultivated grasses
which belong to the natural order Graminaceae. As a c¢lass,
they are characterized by a considerable and oftgn e;g:?sive
proportion of starch. The gquantity of protein m#tter ié us-
ually low compared with the pulses, and ranges from 18 per
cent.. in the hardest wheats to 6.5 per cent. in the poorest
rices. The oil is largely present in the coats and embryos
of the grains.v The mineral matter or ash varies from .6 per
eent. in polished rice, to 2 per cent. in wheat.

The following table gives the mean composition of

the seven principal cereals used by mankind (vi;., rice,

wheat, maize, millet, oats, rye and barley).

Mean Composition of the Cereals.

Mean. Limiting Figures.
Water 12.4 per cent. 11.6-12.8 per cent.
Protein 10.3 *® » 7.8-13.5 " "
Carbohydrate 69.7 " " 56.0-78.4 " "
Fat . 1.8 *©® " .6=3.6 W "
Fibre 4.0 © " «4-16.6 " w

Ash 1.7 © " 6-2,3 M w
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Maize (Zea Mays).

Maize (Plate 8, Fig. 5) is the fruit of a eultivated

grass which according to Darwin (46) and De Candolle (42) was
indigenous to Mexico and Peru, and was brought to Europe in
1500 by the Spaniards and later by the Portuguese. It is now
very extensively cultivated as a foodstuff for man and domestic
animal: - in most ecountries where the conditions are suitable.

the following statisties for 1932 show the relative importance

of maize in the eountries mentioned.

The relative importance of maize and other cereals.

Acres under Potal acres under
maize. wheat, barley, oats
and rye.

1taly . 6,622 thousand 14,580 fhousand.
goumania 11,770 " 14,817 "
Hungary 2,877 " 7,811 "
Jugo-3Slavia 6,442 w 4,480 "
Czechoslovakia 12,713 " 8,412 "
Argentine 11,623 # 26,587 u
U.S.A. 107,729 " 112,885 "
U.S.5.R. 9,084 " 203,149 \"

It is also fairly extensively grown in India where
it is largely consumed made into cakes or porridge (lapsi or
Githi), or parched in hot sand and eaten with gir or salt.

In America, it continues to be an important article of diet,




87.

gince in one or other form it is used in all parts of the
country among all classes of the people.

The grain is largely imported into this country from
the Argentine, German East Afriea and British South Afrieca;
it is used for feeding stock and poultry, and in the manu-
facture of starch and corn flour, which involves the separation
of the oil. The latter is used for cooking purposes, and the
residual cake, mixed with other articles of food, for feeding
stock.

Although maize is rich in carbohydrates (70 per cent.),
it is not considered so wholesome and nourishing as wheat, since
it is somewhat deficient in proteins (9.5 per cent.). KNeverthe-
leas it forms a perfectly harmless food to man or animal when
used even as a considerable part of a mixed dietary, although
gross over-consumption, especially if combined with a very
limited variety and supply of other foods, gives rise to pell-
agra. It is evident that this disease will be most likely to
fall on members of the poverty-stricken classes in certain

countries, whose food consists almost exclusively of maize.

Pellagra.

4 The name 'pellagra' (Italian pelle agra, rough skin)
was introduced into medical literature by Frapolli (47) in
1771, to describe a peculiar disease of comparatively modern

origin. The disease, which is characterized by easily recog-
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nised symptoms, was apparently unknown to the physicians

of antiquity. 1ts scientific history dates from the treatise
written by the Spaniard, uaspar Casal (48) in 1735 which was
not fully published until 1764. Lt is interesting to note
that Casal, in this work, actually ascribed the disease (mal
de la rosa) to faulty nutrition. kor some time pellagra was
supposed to be practically confined to the peasantry in parts
of italy (especially Lombardy), ¥rance (Gascony), sSpain

(the Asturias), moumania and the Balkans; but it has been
identified on a smaller scale in various parts of the British
Empire (Barbadoes, India), sgypt and South Africa. In the
united States of America sporadic cases have been noted from
1864 when Gray and Tyler first definitely observed it; but
since 1907 it has increased to alarming proportions. Funk (49a)
states that in America between 1907 and 1912, 20,000 persons
died of pellagra, the mortality being 4 per cent. among those
suffering from the disease. It is in italy and Roumania how-

ever that the disease has been most prevalent.

Factors concerned in the Geographical Distribution of Pellagra.

From the date of the earliest observations on pellagra
in S5pain, down to the present day, the disease has been as-
oribed to the use of maize as food, and this view of its mode
of production is now almost universally held. It is based on

the faots that the disease did not appear in Europe until after

the introduction of maize as an article of food, that it gen-
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erally disappears when maize is excluded from the dietary,

and that it is endemic only in those areas where this cereal

is very largely consumed. 7ihe history of the rise of the
disease in any country, usually shows that about a generation
after the introduction of maize as an article of food, sporadic
cases of pellagra arise. Its relative frequency, moreover,

in the different parts of those countries where it is met

with, seems to depend on the extent to which maize or maize
products are eaten by the people. In Italy this is especially
the case, and pellagra is there most common where polenta or
maize porridge is the staple food of the peasants, and least

80 where this is largely oombined with or replaced by other
articles of food, such as wheaten bread, potatoes and chest-
nuts. In Egypt, again, pellagra is very common in Lower Egypt
where maize is much grown and eaten, and slightly rarer (al-
though still very prevalent) in Upper Egypt where millet

tends to displace maize as the chief grain food of the peas-
ants. Although the disease has only been known for about 80
years in Egypt, it has now become the greatest cause of insanity

and of deaths among the insane.

ngptomé.

The malady is essentially chronic¢ in character. The
indications usually begin in the spring of the year, declining
towards autumn, and recurring with inoreasing intensity and
permanence in the spring following. A peasant, who is acquir-

ing the disease, teels unfit for work, suffers from headachs,
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giddiness, singing in the ears, burning of the gkin, espec-
ially in the hands and feet, and diarrhoea. At the same time
& painful red rash appears on the skin which smarts on direct
exposure to the sun. With each successive year the patient
becomes more like a mummy, his skin shrivelled and sallow,
or even black at certain spois, his angles protruding, his
muscles wasted, his movements slow and languid and his
sensibility diminished. After a certain stage the digease
passes into a profound disorganization of the nervous
system; there is a tendency to melancholy, imbecility and
a curious mummified condition of the body.
Slight and early cases recover readily if the diet
is changed in time, but in all others the prognosis is bad.
After death a general tissue degeneration is observed.
In the chronic cases there is scattered degeneration of the
nerve fibres in the spinal cord and peripheral nerves. De-
generation has also been met with in the ecells of the spinal
ganglia, posterior cornu and Clarke's column. [n these the
Nissl bodies and the fibrils disappear, while the nucleus
is placed excentrically and often peripherally. Slight
diffuse sclerosis in the system tracts of the cord and med-

ulla may also ogcur.

Aetiology.
The exact cause of pellagra is at the present time

unknown in spite of the fact that numerous '"theories” have been

advanced from time to time to explain its aetiology. These
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have generally but not invariably ineriminated maize as its
cause. Antoniu (50) and Goldberger and Wheeler (51) have
shown that the general consensﬁs of opinion is correct, by
producing the symptoms of pellagra in men fed wholly or
partially on maize diets. Many"theoried' have been advanced
to explain the precise mechanism of the maize; the defic-
iency (protein, amino-acid or vitamin), contamination and
infection (fungoid or parasitic) of the grain have from time
to time been blamed. None of these however has - withstood

the test of aetiological inquiry.

The present investigation, which was conducted in
collaboration with other workers, has shown that maize con-
tains an acid substance, which is poisonous to monkeys and
other animals, and which can cause degenerative changes
in the brain and spinal cord when given per 0s or hypodermi-
cally in the form of a neutral body. These pathological
changes are identical with those found in monkeys fed on
maize diets and in pellagra.

It will be evident that without generalizing further
than the observed facts warrant, a big advance in knowledge
has been made concerning the cause of peilagra. .However it
should always be understood that studies made upon animals
cannot be accepted unreservedly in the domain of human physi-
ology since they are merely tentative and introductory in

nature, and must await contirmation by clinical medicine.




Lxperimental.

(1) Preliminary feeding experiments.

Monkeys.
Monkeys exhibited very ditfferent degrees of suscept-

ibility to maize feeding, and when attempts were made to
reinforce their rations by adding drinking water, in which
meal had been macerated, they usually refused to eat their
food. 1n one case a monkey ate a full meal of maize porridge
and was found dead next morning. (gfter death no lesions of
any kind were discovered) This was evidently a case of

acute maize poisoning, but generally the symptoms were more
chroniec. The following is a typical case.

A Bonnet monkey was fed on maize cooked by steaming,
supplemented with butter (10 g.), milk (2 o0z.) and & plenti-
ful supply of fruit daily. it gradually lost weight, became
weaker and after 44 days died from gradually deepening
paralysis. After death it showed the typical widely-spread
degeneration of the nerve fibres and injury of the nerve
cells, in both the cerebro-spinal and sympathetic systems.
(Plate 9).

Another monkey was fed on a similar diet supplemented
with 5 grains of calcium lactate and 10 grains of sodium bi-
carbonate, and showed no symptoms even after 9 weeks' feeding.
The addition of the salts seemed to counteract the effect of

the poisonous substance in the maize.



PLATE 9.
Section showing degenerative changes
in oculomotor fibres of monkey fed on

maize diet (Marchi's technique).
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Rabbits.

rabbits also varied greatly in their susceptibility
to maize feeding, but generally young rabbits, fed on maize
porridge with a plentiful supply of cabbage,'lost weight and
failed entirely to thrive. During the foftnight preceding
death, which usually ensued in $-4 months, they lost much of
their hair, were greatly emaciated, and exhibited paresis and
tremors of the legs. ‘tThe addition of caleium acetate to this
diet failed to prevent the death of young animals.

Mature rabbits on the other hand, were generally
only slightly affected, or not at all, by the diet of maize
porridge and cabbage. Addition of calcium salts (lactate ¥
or acetate), cod-liver oil or both, did not seem to 1nflnence'
the effect of the diet in any way. in one case an adult
rabbit fed on a diet of maize porridge (ad libitum), plus
cabbage (70 g.) and calcium lactate (} g.) became greatly
emaciated, exhibited dermatitis on the legs, and eventually
died from gradually deepening paralysis after 5% months’
feeding. Another rabbit on the same diet, throve and was in
perfect health 125 days after the commencement of the exper-
iment.

‘the offspring from rabbits fed on maize"diets, were
usually undersized and did not show the normal rate of growth.
In some cases the mothers failed entirely to rear their young.

After death an analysis of the bones of these rabbits ,
showed them to be greatly depleted of mineral matter, espec- )ng

ially caloium salts. This is in agreement with the observation
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of weiske (5<4) concerning rabobits fed on oats.

Guinea-pigs.

Guinea-pigs fed on a diet of maize porridge plus
orange Jjuice lost mueh hair, became greatly emaciated and
finally died after lu-l4 weeks. Usually during the week pre-

ceding death, they exhibited marked paresis and weakness in

the legs. <the addition of ealcium acetate, sodium bicarbonate,

or cod-liver oil did not alter in any way the effects of the
diet. Cabbage (ad libitum) on the other hand, exerted a pro-
tective action and allowed animals to thrive on a maize diet,
where formerly they died, the interence being that the
cabbage maintained the acid-base equilibrium of the blood,
which had been disturbed by the prolonged daily ingestion

of the acid substance present in the maize.

(ii) chemical and Biological.

rhe present investigations were conducted on the meal
from both yellow and white maize, and also on the maize germ
cake which is largely used tor feeding stock in this country,
and whieh is the residue of the whole grain after the starch
(eorn flour) and o0il have been extracted.

in the beginning of the research, attempts were made
to extract the astive principle with hot 25 per cent. alcohol.
this method was finally abandoned, partly owing to the faest
that the feeding experiments seemed to show the solubility
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of the poisonous substance in cold water, and partly owing
to the difficulty experienced in obtaining clear extracts
(free from starch).

Next the writer's attention was turned towards the
isolation of the fluorescent substance "zeoehin," which is
described by Suarez (53), and which is supposed to\act photo-
dynamically on red blood corpuscles. +this o§¥Z;é€*a fruitful
field of inquiry, since the work of rKaubitschek (54) has
tended to show that an exclusive maize diet, good or bad,
proves deleterious to white mice and guinea-pigs when these
animals are exposed to sunlight. It is maintained by this
worker that photo-~dynamic substances are introdueced by the
cereal into the blood, and these under the influence of sun-
light become toxins, and thus cause inflammation of the skin
and other symptoms resembling pellagra. Following the direc-
tions of Suarez however, it was found impossible to isolate
even a crude active product, and the attempt was finally
abandoned. in this connection, it is interesting to record
that in this investigation several rabbits on maize diets
exhibited marked lesions of the skin (dermatitis), even when
they were not exposed to direct sunlight. It seems highly
probable that the skin lesions found in pellagra are due to
a tropho-neurosis, which however renders the skin extraordin-
arily sensitive to the irritant effeots of sunlight.

Attempts were then made to extract any poisonous

alkaloids which might be present in fresh maize, since other
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workers had found minute traces of these in stale maize
bread. <The Stas-Otto method for the detection of alkaloids
however, showed the absence of these in the ordinary grain.

Finally, in view of the success attained in the in-
vestigation of the leguminous seeds, the lead method was
applied to the cold water extract of the maize germ cake,
and the following scheme which was later applied to the other
cereals was adopted (Page 98).

The investigation was conducted on the cold water
extract from 56 lbs. of maize germ cake.

The decomposition product derived from the lead ace-
tate precipitate yielded, by the usual method, 50 g. of a
crude physiologically active principle insoluble in strong
alcohol. This proved to be a white, amorphous, hygroscopic
substance, very soluble in water and very acid. It dissolved
in very dilute aleohol, but was insoluble in eold and boiling
ether, acetone, chloroform, benzene and trichlor-ethylene. 1t
gave precipitates with lead acetate (ordinary and subd), mer-
curic acetate, calcium chloride, sodium hydroxide, ammonium
hydroxide and sodium bicarbonate, but no precipitate with
the usual alkaloidal reagents or ammonium sulphate. YWhen
tested for protein, amino-acid, glucoside or sapbnin it
gave negative results. Attempts were made to erystallize
it from water or dilute aleohol, but these so far have re-
sulted oﬁly in the formetion of a glassy mass. It was

finally further purified by dissolving in water and neutral-
ising with sodium bicarbonate which "salted out” a considerable
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quantity otr an organic complex of calcium and magnesium, which
was filtered off and which, on being tested on frogs, was found
to be inactive. On adding the filtrate to a large volume of
strong alecohol a floeculent white precipitate of the sodium
salt of the active prineiple was obtained, which was filtered
off and dried in vacuo over calcium chloride. The free acid
was obtained from it by the decomposition of its insoluble

lead salt by sulphuretted hydrogen, followed by precipitation |
with strong aleohol. This method however, resulted in a very ?(
considerable loss of material owing to absorption on the lead
sulphide precipitate. The purified principle gave the same
reactions as the crude body, but little or no precipitate

with élkalies. A combustion analysis yielded the following

results:- N
¢ = 2\5\.‘1(3\ per cent. . cien S
H= 1.82\§er cent.
N = 1.49 per‘\“o\e\nt.

The alecohol used in the precipitation of the crude
physiologiecally active principle, was found to contain only
phosphoric acid and a trace of the active principle itself. ]&
The former yielded 40 g. of erystalline di-sodium hydrogen
phosphate, on neutraiisation with sodium hydroxfzszollowed
by erystallization. Although the phosphate present was isolat-
ed as the sodium salt, it seems highly probable that it exists
in the maize grain as the acid salt of potassium (KH2PO4)-.

The "glucoside mixture" was found to be inactive, or
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nearly so, when tested on frogs, while chemical examination
showed it to consist chiefly of sugars and inorganic salts.

A sample (10 kilos.) of pure maize germ was also
examined by the same method and was found to contain the same
physiologically active prineiple, but the yield (15 g.) was
much smaller than that obtained from the same quantity of the

maize cake.

Biological Kxperiments with the

Physiologically Active Prineiple.

This substance, on being tested on monkeys and frogs,
was found to be very toxic on hypodermic injection. bLrs.
Johnston and Stosckman have shown in an artiele in course of
publication that it is also poisonous to monkeys when given
per os, repeated administrations ot small doses resulting in
the production of degenerative changes in the nervous system,
identical with those round in monkeys fed on a maize diet and

in pellagra.

Monkeys.
A small monkey received per os, in doses of 2-5 g.

at intervals of 1-4 days, 19 g. of the sodium salt of the
active principle without sﬁswing ahy marked symptoms, except
some slight depression and carpopedal contraction. This animal
proved rather refraectory to oral administrations however,

since it usually vomited at least half of the dose, and was
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apparently able to detoxicate the rest in the body. It
then received 6 g. or the salt hypodermically and in 10
minutes lay on its side; occasionally it collapsed and lay
flat on its abdomen. It was apparently very paretic and re-
mained in this condition during the rest of the day. rhe
following day it was still very helpless and paretic; it
‘moved about with difficultﬁ and was hardly able to climb.
A large phlegmon formed at the point of ingectiongbwing to
a thickening of the skinj;examination showed the presence of
;*iiftle or no sero-sanguineous fluid. On the third day the y
aniﬁai ﬁas still weak and was then killed by chloroform.

After death it showed degenerative changes in the brain 1
and spinal cord identical with those found in the monkeys fed |
chiefly on maize and in:peliagra. there was also some slight

haemorrhage in the brain.

Frogs.
When .05 g. of the sodium salt of the aective principle

was given hypodermically to a frog it immediately became para-
lysed and gave no response to pinching. <this effect lasted
for several hours and was followed by increase of spinal re-
flexes lasting for several days. Another animal received a
similar dose and immediately became paretioc. 1t showed marked
musoular twitochings which lasted throughout the day; at times
it exhibited asevere tetanic spasms of the legs. <The paresis
lasted for three days, but on the fourth day it was found

dead. All the musoles and nerves however were excitable to
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the farédic current.

The adminigstration first of .05 g. of caleium acetate
hypodermically to a frog, exerted a protective action against
the effects of & hypodermic injection of .05 g. of the sodium
salt. Similarly a frog which received hypodermically .05 g.'
of the salt, tollowed immediately by .03 g. of calcium ace-
tate, did not show any marked symptoms except a very slight
increase of reflexes. '

These experiments on frogs seem to indicate that the
active principle affects the ocalcium metabolism of the body,
while the writer hgs already shown that a monkey fed on a
supplemented maize diet with the addition of a compensatory
salt mixture, was unaffected even after 9 weeks' feeding. 1In
this connection it 1s interesting to record that Nicolaidi (55)
has shown that pellagra is especially characterized by a dis- #§
turbance in the mechanism of nutrition, which manifests itself
through considerable demineralization in the organism, result-
ing in & surprising increase in the amount of mineral elements

eliminated in the faeces.

conclusion.

Phe investigation has shown that maize contains an
active principle, which on being administered hypodermically
or per os to monkeys, produces symptoms and pathological
changes in the nervous system identical with those found ih
animals fed chiefly on this cereal and in pellagra. The pre-

cise mode of action of this principle is at present unknown
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but it seems to have a primary effect as an irritant poison
and also a secondary effect, inasmuch as it tends to upset
the mineral metabolism of the body by depleting the blood
and tissues of their inorganic salts, especially calcium.
The large content of acid phosphate in maize probably also
plays an important part in this disturbance of the mineral

metabolism of the body.

Other common cereals were also examined by the same
method and were found to contain either the same acid sub-
stance or a similarly acting body. This probably explains
the number of sporadic cases of pellagra which have been

ascribed to the use of cereals other than maize.

L N il .
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Rice (Oryza sativa).

Rice (Plate 8, Fig. 1) is the grain of a cultivated

grass, which according to Roxburgh (56) has originated from

a wild plant, called in India Newaree or Nivara, which is
indigenous to India and tropical Australia. It is extensively
cultivated in India, China, the Indian Archipelago, West
Indies, Central America, the United States and some of the
southern countries of Europe. The following table shows the

extent to which it is grown in the East.

Production of Rice (1926).

_ Toms.
British India 34,000,000
Japan 6,200,000 i
Korea 2,700,000
Indo-China 3,700,000 |
Duteh East Indies 5,200,000 i
Siam 2,800,000

Rice has long been the chief article of diet in the
greater part of Asia, and it has been estimated that roughly
600 millions of the inhabitants of the earth subsist on it,

:?g either alone, or in combination with other articles of diet.
When supplemented with peas and cereals of all kinds, it has
proved a highly nourishing food, but gross over-consumption,

especially if combined with a very limited variety and supply

of other foods, has given rise to beri-beri. However, the
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number of pedple contracting this disease is a very insig-
nificant fraction of the total population subsisting on rice A
as8 a staple article of diet.

Gross over-consumption of rice is also known to causé
pellagra, although the occurrence of this disease amongst
rice-eaters is very rare. In recent years 70 cases have been
reported in Japan, and a smaller number in China, in persons
of the poverty-stricken class whose staple diet was rice.
Viawalingam (57) has described an outbreak among Chinese
coolies in the Malay States who were fed on a diét of polished
rice, fish, pork, potatoes and green vegetables. Their diet-
ary did not include maize in any form.

The present investigafion which was conducted on
several samples of rice, nas shown the presence of very minute

amounts of acid substances, which proved to be poisonous when

tested on frogs.

Experimental.

(i) Preliminary Feeding Experiments.

Monkeys.
Attempts to produce the symptoms of beri-beri or pel-

lagra in monkeys met with varying amounts of success. This
gseems to be due to the fact that the rices sold in the Euro-
pean market vary greatly in their toxieity, and contain either

no poisonous prineciple, or at most, only a very small amount
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which would exert no deleterious effect in a mixed dietary.
In one experiment two monkeys were fed for 4-5 months on
ordinary polished rice (cooked by steaming) with the addition
of orange juice, without showing any marked effects except loss
of weight. Schaumann (58) found that a monkey fed on rice lost
appetite and developed & paralysis of the lower extremities
and progressive marasmus, while Gibson (59) showed that a
monkey fed on polished rice with the addition of a compensatory
salt mixture, became oedematous (especially in the face) and
died in 42 days.

In another experiment a monkey received in addition
to its food (polished rice), drinking water in which some
Carolina rice had been macerated and immediately became much
weaker. FKurther experiments with this sample of grain un-
doubtedly showed that it contained something deleterious to
monkeys. Similar results were obtained with another sample
of Rangoon rice. These experiments showed the water-soluble
nature of the toxie substance or substances. After death,
this monkey showed marked degenerative changes in the cells

of the spinal cord and root ganglia.

Pigeons.

, Several feeding experiments were conducted on pigeons
in sttempts to counteract the effect of the acid substances
which were shown to be present in the rices. The effect of
the addition of salt mixtures and the ash from riee polishings

to rioce dists, whioch were known to cause polyneuritis, were
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also investigated, since it was shown by chemical analysis
that rice polishings were very rich in mineral matter (espec-
ially calcium). Seala (60), Kilbourne (61) and others have
advanced the hypothesis that polyneuritis in fowls originates

in a deficient mineral nutrition.

Analysis of Rices.

Mean Mean
per cent. per cent. .
Ash. Calcium
Siam Rice «465 .012
Bgllam Rice .706 .045
'Parboiled'! Riee . 720 .030
Rice Polishings 10.12 286

These experiments were in all cases unsuccessful
.l $

and the pigeons died of polyneuritis é;iiiﬁ;?%ﬁiwﬁnless
their diets were changed. Only those subatances which are
known to contain the water-soluble vitamin B complex were
able to prevent the death of affected birds. It may be that
the failure of various mineral substances (especially those
from the rice polishings) to bring about appreciéble benefit
is explained on the ground of inability to reproduce the

exact complexes found in the original food material.

Experiment 1.
Two pigeons fed on polished Patna rice (raw) gradually

lost weight and one became polymeuritic (Plate 10, Fig. 3)
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and died after 25 days' feeding; the other recovered when
its diet was changed to rye, after having lost nearly half
its body-weight in 35 days.

Experiment 2.

Two pigeons fed on polished Patna rice (60 g.)
plus rice bran (6 g.) gradually lost weight and one died in
42 days, while the other recovered after its diet had heen
changed to rye. Evidently the quantity of bran included
in’the dietary was not sufficient to afford protection
against polyneuritis, since it has been found that rices
with more than 50 per cent. of the pericarp removed can
produce polyneuritis in fowls, while those with less than

this removed, afford complete protection.

Experiment &.

Two pigeons fed on polished Patna rice (60 g.) plus
the white of egg (15 g.) lost weight and died of polyneuritis

in 39 and 62 days respectively.

Experiment 4.

Two pigeons fed on polished Siam rice plus a complete
salt mixture in solution (per os) lost weight, and died from
polyneuritis in 47 and 49 days respectively. Two control

pigeons fed on polished Siam rice died in precisely the same

time.
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Experiment O.

Two pige?qg fed on polished Siam rice plus a plenti-
ful supply of bﬁ?ﬁ% rice polishingsg lost weight, and one
died in 26 days; fhe other became polyneuritic after 59 days
and was then given 5 g. of butter daily in its food. It im-
proved slightly at first, but gradually became weaker and
was definitely polyneuritic 4 days later. It was then given
gsome rice polishings moistened in water and it gradually

recovered (Plate 10, Figs. 1 and 2).




PLATE 10.

Fig. 1. Fig. 2,

Fig. 3.
Fig. 1. Pigeon suffering from polyneuritis as the result
of a diet of polished rioe, showing opisthotonos.

Fig. 2. The same pigeon the day after having received a
curative dose of rice polishings.

Fig. 3. Pigeon suffering from polyneuritis, showing empros-
thotonos.

110.
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(1i) Chemical and Biological.

Rangoon, Ballam and 'parboiled' rices were full& ex-
amined by the usual method. The purified extracts were toxie
while the #glucoside mixtures™ were tround to be inacti#e or
only very slightly active. wvecomposition of the lead acetate
precipitétes usually yielded & very minute amount of acid
substances, which however proved to be toxic when given hypo-
dermically (as neutral bodies) to frogs.

The cold water extract of 10 kilos. of Rangoon rice
yielded from the decomposition or the lead acetate precipitate,
'.4 g« of an alecohol-insoluble acid substance, .05 g. of which
(neutralised with sodium bicarbonate) given hypodermically
to a frog produced little or no effect even after several
days. There was also isolated in the form of acicular orys-
tals & very minute quantity of an alcohol-soluble acid, which
in a dose of .008 g. produced in a frog complete paralysis
when given hypodermically as a sodium salt. Marked Ffibrillary
twitchings were present, and at one stage the frog had a
tetanic spasm of the hind legs. The paresis lasted for 48
hours, and was followed by increased spinal reflexes lasting
for geveral days. Chemical examination of this aeid by
miero-methods showed that it was not one of the ordinary
plant acids, but the amount of material at the writer's dis-
posal did not permit of a fuller chemical analysis. <the yield

obtained (.3 g.) was probably only a mere fraction of the

total amount present in the rice.
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20 kiios. of 'parboiled' rice were then examined by
similar methods. The decomposition of the lead acetate pre-
cipitate by sulphuretted hydrogen yielded 10 g. of an acid ?&
substance, insoluble in strong alecohol which however, was
found to be only slightly active when tested on frogs; doses
of .05 g. (neutralised) produced only slight increase of re-
flexes. There was isolated from the alecohol a very minute
amount of a crystalline acid which however, had very little
action when tested on frogs, and doses of .02 g. produced
only a slight increase of reflexés.

Since the process of 'parboiling' is much favoured

(Py~foreigne¥snan&"public authoritie;>for the production of

a rioe, both harmless and possessing marked sustaining
qualities, it is not surprising that this sample proved in-
nocuous. The process probably destroys or removes the toxie
principle present in the cereal. ‘The writer understands
nevertheless, that sporadic cases of beri-beri have arisen
from its use. It must always be remembered however, that

the water-soluble vitamin B complex is a further complicating
factor in this disease.

Lastly the cold water extract of 12 kilos. of Ballam
rice was fully examined by the usual method. This is the
variety used by lascars on board British sea-going vessels,
and the writer understands that it is subjected to a process

somewhat gsimilar to 'parboiling’.

Decomposition of the lead acetate precipitate by



i

113.

sulphuretted hydrogen yielded 1.55 g. of an alcohol-insoluble
acid substance, which however had little or no effeet on a
frog, when given hypodermically in a dose of .05 g. (neutral-
ised). On concentrating the alcohol which was used in the
precipitation of this material, a minute amount of crystals
was obtained. Their cerystalline form (rectangular prisms)
was identical with that of the corresponding crystals from
Rangoon and 'parboiled' rices. fThe yield obtained however,
and the difficulty experienced in separating them from their
mother liquor, did not permit of further investigation of
their chemistry or pharmacology.

The resuits obtained with this rice also favours
the view that the process of 'parboiling', either removes 7(,

or destroys the toxie substance present in the cereal.

- an en e wn an W - an w w
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Common Rye (Secale cereale).

This cereal (Plate 8, Fig. 2) is supposed to be the

cultivated form of Secale montanum, a wild perennial species,
oceurring in the more elevated districts along the shores'of
the Mediterranean. Unlike wheat, its cultivation does not
appear to have been practised at a very early date. Alphonse
de Candolle (42), who has collected the evidence on this
point, draws attention to the fact that no traces of this
cereal have hitherto been found in Egyptian tombs or in the
earlier Swiss dwellings. The absence of any name for it in
the Semitic, Chinese and Sanskrit languages is also adduced
a8 an indication of its comparatively recent culture. Its
cultivation was well known to the Romans in Pliny's time (62),
but not fo the ancient Greeks, who were used to wheaten bread
and objected to the black, malodorous product of Thrace and
Macedonia. The writer finds that Theophrastus (43) and

Galen (63) are the only Greek writers who mention the rye.

It is also mentioned in the English version of the 0ld Testa-
ment (64), although in the opinion of Sprengel (65), spelt
wheat (Triticum Spelta) is meant. Rye has always been essen-
tially the bread corn of the Teutons, and it seems likely

that it was introduced into Roman Britain by the Germanic
invaders. During the Middle Ages, it was fairly extensively
cultivated in this country, chiefly as food for the poor,

although it seems clear that their bread was never made ex-
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clusively from rye. The improvements in agriculture in
Britain during the 18th century however, resulted in rye be-
ing almost entirely displaced by wheat. In 1925 rye was
limited to 50,000 acres in England, and only 30,000 acres -
were allowed to ripen as forage for horses and cattle, the
rest being ploughed in as green manure.

Rye is still the chief cereal in the large belt of
Europe, extending from Holland across Northern Germany, ;
Czechoslovsakia, Austria, Poland and Central Russia to the
Ural Mountains. It is also very extensively cultivated in
Sweden, Demmark, Norway and Belgium. The following table
shows the production of rye and wheat in these countries

for the year 1929.

Relative Importance of Rye and Wheat.

Rye:Wheat:

Rye. Wheat. Ratio
Poland 246 million bushels 60 million bushels 4.1
Germany 321 " " 123 " " 2.6
Netherlands 13 " " 4.7 " " 2.1
Austris 19 " " 11.6 " " 1.6
Czecho- 64 " " 48 " " 1.3

slovakia . .

Russia 756 " " 783 " " 0.96
Sweden l6 " " 19 " " 0.87

Denmark 1o " " 12 " " 0.87
Norway 0.56 " " 0.73 " " 0.77

Belgium 1" " 16 v " 0.68 |
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It is evident that Russia is the greatest rye-producing
country in the world, allotting 37 per cent. of her total
acreage of tillable land to this crop.

In the parts of Europe mentioned, rye forms the chief
breadstuff, being used either aslone or in combination with
wheat in the making of various kinds of '"black bread.' Al-
though this bread lacks the elasticity, friability and vesicu-
larity of wheaten flour bread, it holds an important and
favourite place in the dietary of all these peoples. In
nutritive value, or measured by the amount of gluten it con-
tains, it stands next to our own white bread, although in its
content of the water-soluble vitamin B complex, it is superior
to the latter.

The straw of the rye is prized on account of its length
in maeking hats, and in the manufactu:e of paper, while the

bran is used for cattle food.

Nervous Ergotism. Ergot of rye has at most times been in-

eriminated as the cause of convulsive or nervous ergotism,
despite the fact that this condition has never been properly
demonstrated clinically by the action of the active principles
in ergot.

Several outbreaks of this disease, sometimes on a large
scale, have occurred as a result of ingestioh of rye, which
was shown to contain either no ergot, or at most, only a very

small amount. In 1846 Vleminckx (66) reported on an outbreak
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in three Belgian prisons, two years earlier, in which 160 per-
sons were involved; the symptoms were quite typical of convul-
sive ergotism. ILittle or no ergot was found in the rye, and
this cereal as well as wheat was exculpated by the prison tgg
authorities.

In man, the onset and course of the nervous symptoms
in convulsive ergétism bear such a close resemblance to those
produced in monkeys fed on monotonous cereal diets, and salso
to those of pellagra, that they suggest very strongly that
the cause is fundamentally the same in 8ll, and that the
disease is not due to any poisonous substance elaborated by
the fungus Claviceps purpurea, but on the contrary, to a toxic {
principle present in the grain itself. This opinion is streng-
thened by the records which show that other cereals have pro-
duced outbresks of ergotism. One case occurred in the family
of & poor agricultural labourer near Bury St. Edmunds in 1762,
" and was fully described by Wollaston (67) and Bones (68) in )ﬂ
.the Proceedings of the Royal Society. There was no rye in
the neighbourhood, and spart from dried pease, pickled pork,
bread, cheese, milk and small beer, the family lived on bread
from "clog-wheat or revets."

In 1931 Professor Mellanby (69b) showed that dogs fed
on a diet consisting chiefly of unergotized rye embryo, sup-
plemented with various foodstuffs, developed paralysis of the

legs, and after death showed degenerative changes in the
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gpinal cord. He concluded that the embryo contained a
nerve toxin, and that infection by ergot resulted in the

production of an increased amount of this toxic agent.

The present investigation conducted on monkeys, haé
shown that a poisonous acid substance exists in the rye
grain. Animals fed on rye, or those receiving hypodermic
injections of the neutral salt, exhibited many of the sal-
ient features of nervous ergotism. As in the case of other
cereals, different samples of the grain varied much in their
toxicity, one being innocuous or only slightly toxic, while
another proved to be very poisonous.

It seems highly probable that rye in the quantity
ordinarily consumed, a&s & supplement to & good mixed diet-
ary, is innocuous but that in times of famine and dear food-
stuffs;’an excessive use of black bread made from itg’gives

rise to local outbresks of poisoning.

Experimentsal.

(i) Preliminsry Feeding Experiments.

A monkey was fed on Scotch rye meal cooked by steam-
ing, with the addition of butter, milk and fruit deily. For
50 days there was little or no change. After 65 days it be-
came decidedly weaker with its arm flexed at the wrist and
elbow, and later the paresis spread gradually to its other

limbs. After 94 days it was completely paralysed and lay
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on its side; it exhibited at times coarse muscular twiteh-
ings and tremors. ‘
After death, it showed the usual degenerative changes

in the nervous system.

(ii) Chemical and Biological.

Two separate lots of rye grain (free from ergot and
other grains) were fully investigated, and were found to
vary greatly in their poisonous content, one lot being very
toxic, while another sample proved to be only slightly so.

The cold water extract of 12 kilos. of rye, grown in
Scotland, was submitted to a full examination by the usual
method.

The purified extract was toxic while the "glucoside
mixture" was only very slightly poisonous and became in-
active after continued treatment with lead acetate. Decom-
position of the lead acetate precipitate yielded 6:6 g. of
an alecohol-insoluble acid substance, which in doses of 05 g.
(neutralised with sodium bicarbonate) produced little or no
effect when given hypodermically to & frog. The alcohol-
soluble scids were isolated in the form of their sodium
saits which crystallized; the total yield was 20 g. Frac-
tional crystallization yielded first di-sodium hydrogen
phosphate, and finally the sodium salt (7 g.) of an organic

acid. This was found to be very active when given hypo-
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dermically to monkeys. A small amount of the free acid was
obtained in the form of sheaves of needle-shsaped crystals

by decomposing its insoluble lead salt by hydrogen sulphids,
and allowing the material to crystallize. Despite the diffi-
culty experienced in separating these from their mother
liquor, micro-methods of analysis showed the absence of any
ordinary plant acid.

A large monkey was given hypodermically 3 g. of the W
sodium salt of the active acid, and almost immediately be-
came depressed and much weaker than usual. After an hour,
it was much worse, and was given hypodermically an additional
2:5 g. The animal immediately became very paretic and lay
on its side (Plate 11). There was some slight irritation
at the poiﬁt of injection. Three hours leter it was very
depressed and moved about with difficulty, its hind legs be-
ing very much affected. The following day it was still weak.

and depressed generslly. It remained in this condition until

the third day after the injections, when it seemed to recover.

A rabbit (1750 g.) received 1 g. of the sodium salt
of the active acid hypodermically. There was no immediste
effect, although the animal was a little quiefer than usual,
and during the six hours immediately after the injectiom, it
seemed normal. It continued in this condition for several
days when observations were stopped. This experiment cor-

roborstes the results of other work which has shown the non-

poisonous nsture of the active substences present in peas
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RYE.

PLATE 11.

Monkey after hypodermic injection
of sodium salt of active acid.
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and cereals when given hypodermically to rabbits. These ani-
mals thrive, or are at>most, very little affected when fed on
monotonous cereal diets over extended periods.

Frogs weré completely paralysed by hypodermic injec-
tions of -Qz g..of'the sodium salt of thé active acid. The
paralysis usually continued for several days, and where the
animals survived, was followed by marked increase of reflexes.
Doses of 1 to 3 cg. of the free acid caused similar parslysis
or depression, and in some cases the animsls exhibited violent
tetanic spasms. This was usually followed by increase of
spinal reflexes lasting for several days.

The cold water extract of 10 kilos. of English rye
was then submitted to a full examination by similar methods.

The purified extract was only slightly toxic while
the "glucoside mixture" was completely non-toxiec. Examination
of the products obteined from the decomposition of the lead ace-
tate precipitete, showed the presence of 3.4 g. of an alcohol-
insoluble acid body, and a very minute amount of a crystelline
alcohol-soluble acid. Doses of 05 g. of the alcohol-insoluble
substance neutralised with sodium bicarbonate produced in frogs
no effect, except a very slight increase of refques. The alco-
hol-soluble acid crystallized from water in sheaves of long
slender peedles. A very minute dose (less than 01 g.) proved
to be very toxic when given hypodermically as & sodium salt to <
a frog; it produced paralysis followed by increase of spinal

reflexes lasting for several days. The small yield obtained

however, did not allow of a more extended chemical examination.

- S e e A
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Oats (Avens sativa).

Oats (Plate 8, Fig. 3) are the fruits of & cultivated

grass, which according to Alphonse de Candolle (42) was not
cultivated by the Hebrews, Egyptians, ancient Greeks or Romans.
Central Europe appears to be one of the localities where it
was first grown, since its grains have been found amongst the
remains of the Swiss 1ake-dweilings (Bronze Age). Pliny (62)
alludes to bread made of it by the ancient Germans, while
Galen (63) observes that it was abundant in Asis Minor, where
it was made into bread as well as given to horses. It is

also mentioned by Hippocrates (70), Theophrastus (43) and
Dioscorides (71) under the name [pduos.

It is now grown extensively in all parts of the globe,
end statistics for the whole world, exclusive of Russia and
China, show & total annual production of 57,000,000 tons. People
are beginning to appreciaste more the value of oatmesl as & hum-
en food, and to recognize that so far as chemical composition
and the ratio of the nutrients are concerned, it is an slmost
perfectly adjusted food. According to some writers, it is sup-
posed to cause heat in the stomach and various cutaneous affec-
tions,vbut the age-long experience of mankind all over the
woridkconclusively demonstrates the harmlessness of this meal
when taken as part of a good mixed dietary.

Gross over-consumption however, especially if com-

bined with a very limited supply of other foodstuffs, is a



lz24.

very different matter and that this, short of causing a
disease might quite conceivably give rise to some deterior-
ation of health, is borne out by experimentael and clinical
evidence.

In 1894 Weiske (58) recorded that the continued feed-
ing of rabbits with oats alone, caused a diminution of the
skeleton, more especially of the inorganic content. He
concluded that the effects were due, not to insufficient
lime in the food, but chiefly to its acid nature. Scheunert,
Schottke and Loetsch (72) showed that horses fed on oats
chiefly, developed osteomalacia, while the writer has heard
of cases where sheep and horses fed mainly on oats, died
from gradually deepening pareslysis, Morgen and Beger (73),
and later Punk (49b), pointed out that rabbits fed on oats
developed acidosis which could be prevented or cured by the
addition of sodium bicerbonate to the food. 1In this con-
nection, it is interesting to observe that other writers
have noticed that animals fed chiefly on oats are much less
resistant to acid poisoning (for eXample tartaric acid)
than those receiving other foodstuffs.

In 1925 Professor Mellanby (69a) showed fhat a diet
containing a preponderance of oatmesl, especially in the
absence of an adequate supply of vitamin D, was capable of
interfering with bone-calcification in dogs. He was unable

to explain the method whereby oatmeal brought about this
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rickets-producing effect. In 1931 he further showed (69b)
that this cereal, bulking largely in the diet of a dog, was
capeble of producing certain degenerative changes in the
spinal cord, which could be prevented by the inclusion of
an adequate supply of vitemin A in the dietary.

On the clinical side Sambon and Chalmers (74) have
recorded a case in which a woman (aged 40), who since youth
had been in the habit of eating raw oatmeal, developed pel-
lagre end died of insanity.

The present investigation, however, has shown that
the explanation of these cases lies in the presence of an
acid substance or substances having an action similar to
those found in other cereals, and which can be extracted by

similar chemicsl methods.

Bxperimentsl.

(i) Preliminary Feeding Experiments.

A monkey fed on a diet of Scotch oats porridge with
the addition of butter, milk end fruit daily, became definite-
1y pasretic after 66 days; its hands were wesk and flexed, its
knees and back bent, but at times it was fairly active when
roused from the somnolent attitude it inclined to adopt.
Rabbits and guinea-pigs fed on & diet of oatmeal cooked

by steaming, with the addition of cabbage (&d libitum), in-
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creased in weight and seemed to thrive, but when the cabbage
was discontinued they became weak, lost weight and died in
12-13 and 10-12 weeks respectively. The addition of orange
Juice to their dietery did not have any beneficisl effect.
They all lost much hair end were in s miserable condition

for several weeks preceding death.

(ii) Chemical and Biological.

The aqueous extracts of several samples of oatmeal
were examined by the usual lead method and were found to
vary considerably in their content of the toxic substance.

The purified extracts proved to be toxic while the
"glucoside mixtures" were only slightly so or not at sll.

Decomposition of the lead acetate precipitate by
sulphuretted hydrogen yielded & crude physiologically active
principle, insoluble in strong alcohol. This proved to be
& white, amorphous, hygroscopic substance, and gave the same
precipitetion resctions as the corresponding substance from
the maize cake. It was not further purified, and the fol-

lowing experiments were conducted with it on monkeys and

frogs by Professor Stockman.

Monkeys.
A Rhesus monkey which had been fed for 58 days on a

supplemented diet of Scotch oats porridge, without showing

any marked symptoms except loss of agility, was given 0.25 g.
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of the crude principle (neutralised with sodium bicar-
bonate). In a few minutes it became very paralysed and
lay down on its side. The paresis continued for several
days with flexion of the joints and marked muscular trem-
ors, and a necrosis formed at the site of injection. About
one month later, the same animal was given 1 g. of the
crude active principle (neutralised with sodium bicarbon-
ate) hypodermically, snd in s few minutes became very
helpless and paretic. The paresis, with flexion of the
joints, continued for 4 days when it was killed by chloro-
form. After death it showed the usual degenerative changes
in the nervous system, as shown by Marchi's method of stain-
ing.

Another monkey which received hypodermically 1.4 g.
of the crude principle (neutralised with sodium bicarbonate)
showed similar peralysis which lasted for several days.
There was also marked irritation at the site of injection

and after death it showed similar degenerative changes.

Frogs.
When doses of <04 g. of the crude principle (neutral-

ised with sodium bicasrbonate) were given hypodermically to
ffogs, they produced paralysis for several hours followed by
increased spinal reflexes lasting for several days. Larger
doses produced death in a few minutes, while smaller doses

resulted in depression followed by increase of reflexes last-

ing for some days.

e
-
- -
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Wheat (Triticum vulgare).

Wheat (Plate 8, Fig. 4) is the grain of a cultivated

grass which according to De Candolle (42) has been grown
by men since the most remote times. Its cultivation is
older than the most ancient languages, each of which has
independent and definite names for it, such as the Chinese
mai, the Hebrew chittah and the Sanskrit names godhums,
gahu or gshung. According to De Candolle, it originated
in Mesopotamia whence it spread to sall parts of the world
where the climate and soil were suitable.

In the earlier ages, wheat was an esteemed article of
food (lLeviticus ch. ii) and is frequently mentioned by
Hippocrates (70) and Pliny (62). Since its introduction
into Britain by the Romans, it has been grown on a fairly
large scale especially on the East coast. Nevertheless
Great Britain has giﬁgys been dependent on foreign coun-
tries and her Empire for the greater part of her require-
ments. Statistics for 19228-26 show an average annual pro-
duction of 1,300,000 tons, while during the same period
5,074,000 tons were imported annually, chiefly from Canads
and the United States of America. |

Since wheat is the most esteemed of all cereals, par-
ticularly for the making of bread, the increase in its
cultivation and use has marked the progress of agriculture

and wealth in meny countries, particularly in Great Britain.
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From its almost universal use in bread-meking in Europe, it
hes now come to be known as "the staff of life." The chemi-
cal composition of the grain shows how admirably it is suited

to this purpose.

Composition of Wheaet Grain (Indian).

Water _ 12.5 per cent.
Proteins 13.5 "
Starch 68.4 " "
0il 1.2 "
Fibre 2.7 " "
Ash i.7 n "

Despite its admirable qualities however, the use of
wheat alone as a foodstuff is unable to maintain life in-
definitely. In 1916, McCollum, Simmonds and Pitz (75) and
Hart, Miller and McCollum (76) investigated the nature of
these deficiencies in the wheat embryo and grain respectively.
They found that pigs fed chiefly on wheat germ or grain for
several months, even in the presence of all the recognized
factors for growth, showed finally a considerable loss of
weight end marked paralysis of the legs. After death, de-
generative changes were found- in the spinal cord. The
authors attributed their results partly to the inherent
toxicity of the wheat, and partly to a deficient supply of

inorganic salts. In 1931 Professor Mellenby (69b) showed
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that dogs fed chiefly on wheat germ supplemented with all
the recognized factors for growth, developed weakness and
later, paralyéis in the legs. After death, there was much
degeneration in the spinal cord as shown by the Marchi
method of staining. He also stated that this cord degener-
ation could be prevented by including in the dietary, an
adequate quantity of mammaliasn liver o0il, as a source of
vitamin A.

The present investigation which was conducted on s
sample of wheat grown in Scotland, showed the presence of
an acid, w@gfe sodium salt on hypodermic injection proved

to be very toxie to monkeys, rabbits and frogs.

Experimental.

Preliminary feeding experiments showed that a monkey
fed chiefly on wheat (cooked by steaming), supplemented
with butter, milk and fruit, gradually became paretic.
Another monkey died 6 hours after it had received per os,
a cold water extract of 400 g. of ground wheat. This was
evidently a case of acute poisoning.

These experiments undoubtedly disproved any sug-
gestion of?defic;éncy in the grain, and showed that this

sample of wheat contained some principle which was poison-

ous to monkeys.
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Chemical and Biological.

The investigation was conducted on the cold water

extract of 15 kilos. of wheat grown in this country.
s |

The purified extract was toxic, while the "glucoside
mixture" was found to be inactive. Decomposition of the
lead acetate precipitate yielded 6.2 g. of an alcohol-
insoluble acid substance, which in a dose of .05 g. (neu-
tralised with sodium bicarbonate) failed to have any marked
action on a frog when administered hypodermically or per os.

The alcohol-soluble acids from the lead acetate pre-
" cipitate were isolated in the form of their sodium salts
(18 g.). These were fractionally crystallized from water,

the first two crops of crystals consisting chiefly of sodium

phosphate. The third crop (5.5 g.) was almost entirely free

from phosphate and consisted of the sodium salt of & toxic ?<

acid. The amount of material at the candidate's disposal
did not allow of a complete chemical examination, but by
adopting the standard micro-methods of analysis, the absence
of the commoner plant acids was demonstrated. The follow-
ing biological experiments showed the active nature of the
material when given hypodermically to animals.-

A small monkey was given hypodermically 2 g. of the
sodium salt of the active acid. In 3 minutes it became
weak and lay down on its abdomen at intervals. After one

hour it became very paretic and either sat with its back

bent, supporting itself against the wall, or lay down on
its stomach (Plate 12). Its condition remained unchanged




WHEAT.

PLATE 12

Monkey after hypodermic injection of 2 g. of
sodium salt of active acid.
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throughout the rest of the day, and in addition, it exhibited
flexion of the fingers and wrists which prevented it from
walking normally. Next day it was still weak but had recov-
ered slightly, and on the third day it seémed nqrmal again.
A rabbit (1155 g.) received hypodermically 1 g. of
the sodium salt of the active acid. In 15 minutes it ex-
hibited a tonic spasm of the hind legs, and for the rest of
the day it remained very wesk and depressed. The following
day it seemed normal again.
2 to 4 e¢g. of the sodium ss&lt given hypodermically to
frogs produced paralysis of the brain and cord, followed by
increased reflexes for several days whefé the animals sur-

vived.

Samples of the commercial products (viz. germ, flour
and bran) of the constituent parts of the wheat grsain were
also examined by the same methods and were found to contain
an active acid substance insoluble in strong aleohol. The
yield from the different parts varied, being greatest from
the embryo and least from the flour. In its action on
frogs and in its chemical reactions it resembled the cor-
responding substance obtained from the maize cake. The
following table shows the relative yield and action of this

substance from the individual parts of the wheat grain.
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Acld Principle insoluble in Alcohol (from decom-
& position of lead acetate precipifafe].

Part of grain Yield per Action of .05 g. (neutral-
used. kilo. ised) hypodermically to
frog.

Whole grain *46 g. Slight action followed
by increase of reflexes.

Endosperm (flour) 09 g. Nil.

Germ 9 g. Produced paralysis for
24 hours, followed by
reflex increase.

Husk (bran) 3 8. Slight action followed

by increase of reflexes.
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CONCLUSION.

This investigation, which was conducted in collabor-
ation with other workers, has shown for the first time the
presence of toxic substances in the commoner pulses and
cereals, <The remarkable results obtained must of necessity
throw some light on the aetiology of the diseases lathyrism,
nervous ergotism, beri-beri and pellagra, and also on the
much larger problems of human nutrition in general.

It has been demonstrated that the active principles
of maize, rice, rye, as well as lathyrus and other leguminous
seeds give the same chemical reactions, have an action on
enimals which is always qualitatively the same and produce
identical pathological changes in the nervous system when
administered orally or hypodermically. The idea at once
suggests itself that the conditions resulting from the ex-~
cegsive use of these foods are only different manifestations
of a disease, which however arise from the same fundamental
cause. This view is further strengthened by the occurrence
of identical pathological changes in the nervous system in
these conditions. vrhe research has further shown that the
production of this syndrome is not solely a question of
vitamins since all the experimental animals received vitamin-
containing foods in abundance. The precise mode of action
of the active principles is not yet known.‘ However it is
probable that they are not only irritant poisons in themselves,

but that they have a disturbing effect on the mineral metabol-

ism of the body.



The new field which has been opened out is a large
one and.one which requires much further study. A method of
isolating the crude active principles has been found, and it
only remains for other workers to manufacture large quantities
of these for the further investigation of their chemistry
and pharmacology. The knowledge thus derived would undoubted-
ly strengthen the art of medicine, whether applied to the

prevention or the cure of the aforementioned diseases.
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