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TRANSLATORS' PREFACE

RAGNAR BERG'S book marks the close of an epoch, the epoch
during which the knowledge of vitamins was almost wholly
confined to those who were engaged in the experimental
sttidy of the subject, and the epoch during which the data
of the new science of nutrition were hidden away in the
" transactions" of learned societies or scattered almost'
irrecoverably in the columns of polyglot periodicals. Berg
has summarised all this matter within the compass of a single
volume; has contributed new outlooks; and has provided
a platform for the work of future investigators. Incidentally,
he has written a book which, though adapted for specialist
use, is anything but abstruse, and cannot fail to be of supreme
interest to the general public—which is awakening to the
importance of vitamins, and is in search of a guide through^
the dietetic labyrinth. There have been several attempts of
late years to popularise the modern outlooks on dietetics.
Notable among those in the English language are Vitamins and
the Choice of Tool, by Violet G. Plimrner and R. H. A. Plirnmer
(Longmans, London, 1922), and Vitamincs: essential food

factors, by Benjamin Harrow (second edition, Routledge,
London, 1923). Either of these may usefully be read by the
layman and the beginner as an introduction to the v subject,
t u t no serious student can afford to ignore Berg's masterly
and comprehensive volume.

Ouf* quotation of the respective titles of Harrow's and
the Pliramers' books brings up the question of terminology.
The word " vitamine" was introduced ten years ago by
Casirnir Funk (one of the pioneers in these investigations) f
to denote the antineuritic factor discovered and partially '
isolated by him. He chose the name in the belief that the
substance belonged to the class of chemical compoundi known



io VITAMINS

as " amines" or " amins." We follow good precedent in
dropping the mute " e " from the word used as the title of
Berg's book. But this does not solve the difficulty*occasioned
by the extension of the term vitamin to denote a whole class
of substances most of which certainly contain no nitrogen—
whether " Funk's vitamin" does so or not. That is why
some authorities prefer to speak of these substances as
" accessory food factors/' and this name is used in the title
of an excellent governmental publication {Report on the Present
State of Knowledge concerning Accessory Food Factors, H.M.
Stationery Office, 1921). But the proposed name is worse
than cumbrous; it is vague; it might just as well describe
the contents of an ordinary cruet-stand. The vitamins
A, B, C, etc., are doubtless " accessory food factors " ; but
so are pepper, salt, and mustard; so is the " roughage"
without which we should perish even though our food were
to contain an abundance of proteins, fats, carbohydrates,
and salts, together with an overplus of vitamins. Ragnar
Berg therefore proposes to restrict the use of the word
"vitamin" to Funk's vitamin (or vitamins), and to speak
of the general class of substances to which the antineuritic
principles, the antiscorbutic principles, the growth-factors,
etc., respectively belong as the " complettins." Thus the
general name for the maladies de carence, the deficiency diseases,
is to be, not " avitaminosis," but " acomplettinosis." And
our author is fairly successful in his attempt to be consistent
in the use of his own terminology. But it will be noted that
ttie title of his book is Vitamins, although the exhaustive
chapter on " Beriberi and other forms of Polyneuritis," which
is a detailed study of Athe nature and action of Funk's vitamin
or vitamins, occupies only one fifth of the volume.

Here, in fact, as so often, usage rides rough-shod over
attempts at linguistic purism. The picturesque word
" vitamin/' as a general term, has come to stay. The*current
employment of a. word rather than its derivation, or its
definition. by a precisian, ultimately decides its meaning.
The public imagination has been fired by the idea of these
substances so recently discovered, so absolutely essential
to life. In the first syllable of the word "vitamin" there
is an •appeal to a universal effect, to the instincts of
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appears to be a contributory cause of rickets and other
deficiency diseases.

Another point in which Berg is an innovato* relates to
the number of the vitamins or complettins. Hitherto most
authorities have spoken of three only. Writing in 1922,
Leonard Williams says (Encyclopedia Britannica, twelfth
edition, vol. xxxii, p. 931) : " There are probably a great
many vitamins in natural foods—live or quick foods as they
are called—but up to the time of writing three only have
been isolated. These are: (1) the antiscorbutic factor;
(2) the water-soluble B ; (3) the fat-soluble A." Only three
vitamins are considered by the Plirnmers and by Harrow in
the books already mentioned—although Harrow, in the
appendix to his second edition (p. 245), does indeed refer to
Casimir Funk's recent contention that " vitamin B is really
a mixture of two vitamins, which he proposes to call vitamin
B and vitamin D." Similarly McCarrison, one of the most
noted investigators in this field, writes as follows in his Studies
in Deficiency Disease- (Henry Frowde and Hodder and
Stoughton, London, 1921, pp. 244-245) : " I have written
of three vitamins, because three are known, not because it
has been proved that there are only three. But whether
there be only three or legion, they will be found to exist—and
this is the important point—in the foods made in nature's
laboratory, in quantities and combinations adequate for the
due digestion and assimilation of the natural foodstuffs with
which they are associated in nature. The subdivision of
fitamins into many classes is not without the risks attendant
on decentralisation. Vitamins, like other essential constituents
of the food, are not to be regarded as independent of the
assistance derivable from their associates in the maintenance
of nutritional harmony. Each vitamin is but a member of
a team, and the team itself but part of a co-ordinated whole."

Now Ragnar Berg is well aware of the importance of this
conception of team work. (And, like McCarrison, he repeatedly
stresses the perpetual interaction between the " team" of
the vitamins and the •' team " of the various endocrine glands
in maintaining the balance of healthy nutrition.) But he
thinks that the time is ripe for a somewhat more elaborate
differentiation of the complettins. Provisionally, therefore,
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he distinguishes five groups. The table showing our present
knowledge of the complettin content of the various foodstuffs
(pp. 328-331) is arranged in as many columns. The first
of these deals with vitamins in the narrower sense of the
term, and shows the richness of the different nutrients in
Funk's vitamin (or vitamins, for Berg opines that they are
multiple), which is the chief antineuritic principle of the
food. Next—though not in the order named—come columns
showing the quality of the foodstuffs as concerns their richness
in the complettins which, pending their elusive isolation and
a determination of their chemical composition, are known by
letters of the alphabet: A, fat-soluble, often referred to as the
antfrachitic principle; B, water-soluble, whose predominant
importance according to Berg is as growth-factor; C, water-
soluble, the antiscorbutic principle; and D, water-soluble,
differentiated by Berg both from B and from Funk's vitamin
or vitamins, but like the latter functioning mainly as an
antineuritic.

So much for the outlook upon the problem from the point
of view of the substances known as vitamins, complettins, or
accessory food factors. But Berg also considers the topic
fully from the point of view of the deficiency diseases. First,
of course, comes beriberi with the other forms of polyneuritis,
for it was a study of these disorders which initiated the new
science of dietetics. Arrest of growth demands a special
chapter, and as an appendix to this comes a discussion which
throws a little light on the nature of the still obscure tropical
disorder known as psilosis or sprue. Scurvy, naturally, has
a chapter to itself. Rickets and osteomalacia, xerophthalmia
and keratomalacia, receive full consideration in the chapter on
the fat-soluble complettin A. The penultimate chapter
deals with various forms of oedema as deficiency diseases,
and establishes the substantial identity of the " malnutritional
oedema '* of wartime experience with the " famine dropsy "
of India, with " ship berberi," and with " prison dropsy.1'
The concluding chapter is devoted to pellagra, and to the
author's final summary of the whole position of the enquiry at
the date of his writing. How recent this is may be deduced
from the fact that his bibliography of more than 1,500 entries
is carried well on into 1922, and that on pp. 326-327 he Quotes
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a passage from Sherman and Smith's book The Vitamins,
published in New York only last year.

Apart from these " major" ailments which are classed in
the nosology as definite " diseases," Berg's presentation of
the evidence abundantly confirms the contention of those
dieteticians who hold that an enormous amount of " minor "
ill-health is due to what French writers have termed carence
fruste or hypocarence. Many, perhaps most of us, suffer,
not only iu wartime, but under the comparatively favourable
conditions of peace dieting, from what may be termed " larval
deficiency diseases"—or from the effects of such diseases
during our infancy and childhood, or from the effect of such
diseases in our progenitors. On the paper cover of Otto
Ruhle's book Das proletarische Kind (The Proletarian Child,
Langen, Munich, 1922) is a picture of two children who might
be matched from any slum district of Europe or America.
Both have the typical facies of acomplettinosis in childhood.
The originals of these portraits would probably be found
to present the stigmata of rickets ; but, short of actual rickets,
hypocarence causes stunting of poorer urban children as com-
pared with the children of the well-to-do. Yet even the
latter are stunted, thanks to the futility of our " civilised "
methods of preparing food. Take, for instance, Berg's state-
ment on p. 189, based on the observations of Delf, Aron,
Erich Muller, and others, that " in children . . . supposed to
be thriving, to supplement the diet by fresh vegetables, extract
of green vegetables, extract of carrots, or extract of bran,
could always bring about a further increment of growth.
These observations show how defective the nutrition of our
children must be in contemporary life, even under what appear
to be favourable conditions."

McCarrison, in especial, has emphasised the importance
of this aspect of the new science of dietetics. He says we must

, always be on the look-out for avitaminosis, thanks to the
pestilent way in which we habitually denature our food.
" It seems to me that ' loss of appetite' is one of the most
fundamental signs of vitaminic deprivation. It is a pro-
tective sign : the first signal of impending disaster. It should
at once excite suspicion as to the quality o| the food in any
patieift who may exhibit i t " (op. cit., p. 57),
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The doctors of an earlier generation, who practised among
those prone to overfeeding, used to say " we dig our graves
with our teeth." But contemporary diet is just as likely to
err by defect as by excess, and there is equally good reason
to say that the foundations of premature death are laid in the
flour-mill and in the kitchen, by the various processes with
which profit-hunters and ignoramuses spoil our foods. " Fire
is a good servant but a bad master/' and man must learn to
use fire less on his food and to use it more wisely, if he wishes
to enjoy the best of health. Every intelligent reader will
draw his own conclusions as to the practical application of
the new knowledge to the regulation of his own diet. If a
simple formula be requisite, it may be enough to quote
McCarrison once again (p. 244) : " There are no more important
ingredients of a properly constituted diet than raw fruit and
vegetables, for they contain vitamins of every class, recognised
and unrecognised." If a crucial example of the sort of thing
to avoid be desired, take that cited by Berg (p. 268) from
McClendon. The craving for fresh nutrients, says McClendon,
undoubtedly has a survival value. " Among the American
soldiers in the trenches, when their rations were restricted
to chocolate, eggs, dried milk, and sugar, worked up into a
sort of biscuit, he noted that this craving became over-
powering within two or three days, and led them to refuse
their rations." (Apparently the idea of the U.S. army
authorities was that soldiers in the front trenches were like
Robots. " You can feed them on pineapples, straw, whatever
you like. It's all the same to them ! ")

Many of us go through life with no serious risk of rickets
or osteomalacia; we shall not get scurvy unless we visit the
South Pole or the Klondike; our chance of beriberi or mal-
nutritional oedema is infinitesimal. But perhaps most of us
suffer at one time or another from deficiency diseases; perhaps
all of us * under extant conditions, are affected during the
years of growth by tares which are wrongly supposed to be
tares h6r6iitaires9 or due to " weakness of constitution."
Many of these troubles are, indeed, due to the follies of our
parents or our parents1 parents; but they are by no means
instances of " the inheritance of acquired characters," and
yet quite as definitely as congenital syphilis they are tases
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VITAMINS

CHAPTER ONE

I N T R O D U C T O R Y

FROM the days of Liebig down to the year 1910, only four
classes of nutritive substances were recognised: proteins,
fats, carbohydrates, and salts. It is true that Liebig already
drew attention to the fact that development cannot run its
normal course, either in plants, or in animals, should the
supply even of one of the necessary constituents of a complete
diet be inadequate. The development of living beings is regu-
lated by the supply of whichever element is least bountifully
provided. In a word, this is the " law of the minimum." So
preponderant, however, is the importance of protein as the
main factor in the building up of cell substance, that investi-
gators speedily came to overlook all other matters, and to
concentrate upon the supply of protein. Rubner, therefore,
took a great step forward when he proved that it is not enough
to furnish a sufficiency of protein, and that our aim must be
to provide the body with the requisite modicum of energy.
But here was a new fundamental principle to monopolise
attention. As soon as a definite relationship between the
nitrogenous and the non-nitrogenous ntitritive elements had
been experimentally established, the general belief prevailed
that the edifice of the doctrine of nutrition had at least been
finished in the rough. The various rooms of the structure
might still require decoration, but no one anticipated any
further extensive additions to the general body of knowledge.

In this reckoning, the fourth class of nutritive substances
was, however, entirely overlooked, The inorganic constitu-
ents of the food, or, as they are usually named, the nutritive

2 17
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salts, had been so much discredited by the unproved assump-
tions of unqualified curemongers and quacks and by the
premature practical application of their ungrounded theories,
that no one ventured to undertake serious research in this
field. I myself, more than half a generation ago (instigated
thereto by the pioneer work of my sometime chief, the
revered Carl Rose), emphasised the importance of the inor-
ganic constituents in nutrition. But whereas people were
quite prepared to recognise that the law of the minimum was
valid in the case of carbohydrates, and even in the case of
fats, no less than in the case of proteins, there was little incli-
nation to admit the practical working of the same law as
far as the inorganic constituents of food were concerned.
The amount of the total ash, the amount of sodium chloride,
and subsequently too the amounts of calcium and of phosphates,
were considered—these were the only inorganic constituents
to which any attention was paid. It was at most conceded
on the theoretical plane that the so-called ash contains a
number of other substances which must be included among
the genuine nutritive elements. The practical inference from
this admission, that the law of the minimum must be valid
in the case of every one of these additional substances, was
sometimes disputed but more frequently ignored.

The most grievous defect of the old theory of nutrition
was the way in which that theory overlooked the universal
validity of the law of the minimum. Investigators ignored
the extent to which every tissue builder is dependent upon
all the others, They failed to realise that what is decisive
for development is, not so much the absolute quantity of
the various nutritive elements, as their relative proportions.
They did not understand that the bodily need in respect o
any one constituent ojE a diet can be determined only whei
we simultaneously take into account all the other factors o:
nutrition.

An additional defect, one to which I called attention
fifteen years ago, was that in experiments concerning nutrition
the duration of the experiment had invariably been far too
short. My o#n experiments lasted at first for a week. Subse-
quently I extended them to a fortnight, and ultimately to
seveAl months. It thus became evident to me how intimate
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is the connexion between the individual constituents of our
diet. I learned that it is impossible to ascertain the body's
need for any one substance, or to learn the way in which that
substance acts upon the body, unless all the other constituents
of the diet are being supplied in optimal quantities.

The third defect in the earlier study of nutrition was,
finally, the primary assumption that the ordinary diet of
civilised peoples contains all the necessary constituents in
the necessary quantities. This assumption was supposed
to be confirmed when in the course of a brief experiment
no immediate or considerable loss of weight could be detected.
It became the practice, therefore, to adopt as the basis of
experiments upon the requisites for nutrition the very thing
which had to be proved; the average supply of the various
constituents of a customary diet was assumed to represent
the bodily need for these constituents.*

The present work was begun in 1920, when we were entitled
to celebrate the decennary of a new epoch in the doctrine of
nutrition. In 1910 the liveliest antagonism would have been,
aroused by the assertion that our diet contained, in addition
to the familiar four classes of food constituents, quite a number
of other substances of a still uctknown nature, substances
absolutely essential to the welfare of the organism. When
Schaumann here in Germany first began to speak of such
essential accessory food factors, I was for a long time adverse
to the assumption, and I attempted to explain the phenomena
attributed to t&e alleged accessary food factors as the effects
of the inorganic constituents of our diet, these being my own
particular hobby. It seemed incredible that accessory food
factors could have been overlooked for three quarters of a
century. Beyond question we were only at the beginning
of our knowledge of the effects of the inorganic constituents
of food, and many surprises must still await us in this field

• This is the method which Rubner has employed quite recently when
endeavouring to ascertain whether the wartime and post-war diets of Germany
contained a sufficiency of calcium. He simply assumes that the pre-war
diet both of Germany and of Japan was adequate in this respect, and thus
his comparisons enable him to draw the conclusion that our present diet
contains enough calcium. Unfortunately, not only does he use for his calcula-
tions estimates of calcium content which are sometimes erroneous and some-
times mere assumptions, but he likewise overlooks the fact that sjjecialists
have tepeatediy proved tliat the pre-war diet was deficient in caJtc*ur# | ,
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of research. Even at that date, however. th«*i'" v< *•' j - * ' -'
numerous indications, merely awaiting confirm-**** **< *j * * \ , I
foregoing explanation was inadequate, hit^l «1 •>•• 1> r***
was the evidence that the substances in qwsti* <» ^ < 1 • }» r *' !

in almost infinitesimal quantities, like the sir of * 1.**. * I -
medicine; secondly there was the fart that iK- * ^ •-* < •
were thermolabile, were easily destroyed t y I K »t \S •- *? *
indeed, that the application of modeiati- h«Mt * « *'- 5** •!.
could exercise an influence upon flu inwRaii*' "**•< * ' ' - •
of a diet. For instance, we knew that w h m tm% i I < n^-
for too long a time the complex carbciph^pfi-^* •«• ? ' • * . . *
and magnesium undergo decomposition, and th,*f .i j t* i * " r

of insoluble carbonates and phosphate is c k j ^ M* 4 -p u
the wall of the containing vessel. 11MM* th i»4«-l.*1'-' - .• **
are essential to the body of the new born infant , !}«**! %*:**»
drawal from the milk leads to a defirienrv of Inn*- >« 'I*** <- * «J.
and this may endanger the life of the nttr^hnc l<*x ^ ' -
withdrawals of inorganic substances fr*m lh«- h 1 -**r **
ha,ve a decisive influence upon nutrition, the q n ait j ir* ?. ,,-t
be measurable in centigrammes or even iu «l**nfMN it.1^* -
whereas the antineuritic constituents of tin* f«**l J I <~
notable effects in quantities of milligram*?}* s **r fi-irft#•*>•• < i
a milligramme.

When yet other classes of food-ronMtturni^ W l !**it
discovered, having an analogous but nevcrthrk^1. sj-rof.^J!v
different influence upon nutrition, my hypoth*1".^ \*<*%u*r
untenable. I was forced to admit that our diet twist *'.ni*iu
small but very important quantities of many litthr*t<i unhn«*n$%
kinds of substance. The chief reason why t h r y \**-tr t;<,i
discovered sooner is one that has been already $ftdu.i«r«l
the unduly brief duration of experimtntH u\mn t i u tn f i ' ^

During the last few years, the literature rmUtUmt fhf
results of these researches has a t t a ins ! conMrlrr;i14^ j>i* ^ t
tions. The world war, and the consequent s e v n , u A *1 fhr
nations, have however greatly hindered the grrm th <*f fct*' %
ledge. I t has been impossible for the individiuil tf»v™ti£.,<«f
to keep himself adequately informed conreming tm^nh^
similar to those upon which he himself was cngagrtl, V %jirt mil y
in Germany have we suffered from this lack, and t l u t M n -
t a i n l / one of the reasons why the Gentians h a v e hem m
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greatly outstripped in the field of study we are now considering
—although Germany may be regarded as the scientific father-
land of vitamin research. Hence the German publications
during the war had in most cases been long forestalled by the
American, to say nothing of the fact that the writings of
the German investigators lacked the fertilising influence
resulting from the study of foreign models. Furthermore
the literature of the subject is very widely dispersed, so that
years of work are requisite to secure a competent knowledge
of what has been achieved.

Since from the very outset I took a keen interest in these
researches, I have been able to secure a fairly complete collec-
tion of the relevant literature. For this reason, at the close
of the first decennium of the investigation, I feel entitled
to attempt a comprehensive survey of all that has hitherto
been learned concerning vitamins. It must be admitted
that the task is almost beyond the powers of any one person,
seeing that at least a cursory knowledge is essential in the
most diverse fields of chemistry, physiology, internal medicine,
pathology, and morbid anatomy. In view, further, of the
confusion that prevails upon this subject, it should hardly
be necessary for the author to plead for the reader's indul-
gence. Such a first attempt will hardly be free from a few
mistakes.

The confusion to which I refer is extremely conspicuous
in the matter of nomenclature. At the outset of these
researches, when investigators were still almost exclusively
concerned with beriberi and the kindred experimental poly-
neuritis, there was a certain justification for considering both
the curative and the preventive effects of the newly discovered
substances on parallel lines with the familiar medicaments.
Consequently, each newly discovered substance (or rather,
mixture #of substances) received a special name. The first
of such names was " X acid," used by Hulshoff-Pol in his
papers of 1902 38 and 1907 68 for the antineuritic principle
isolated from the bean katjang-idjo (Phaseolus radiatus).
The earliest Japanese investigators who attempted to isolate
the antineuritic substance likewise regarded it as an acid,
and named it " aberi acid." li6 Funk, however, found that
he was dealing with an organic base, and spoke of* it as
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" vitamin." As a matter of course, numerous attempts
were promptly made to turn the new discoveries to practical
account. A flood of- antineuritic preparations invaded the
market, and the tide is still rising. It was equally a matter
of course that each of these preparations should receive its
own patented designation. Thus we have: oryzanin2l0;
torulin 220; orypan 884 ; antiberiberin 320; oridin I13C3; sita-
coid 7J4; etc. Meanwhile, additional vitally essential nutritive
elements were being brought to light, substances requisite
to adequate nutrition. Rohmann 473,52i therefore proposed
to give them the comprehensive name of " accessory food
factors " (Erganzungskorper). The practical-minded Ameri-
cans evaded the difficulties of nomenclature by refraining
from the coinage of specific names; they were content to
speak of " the fat-soluble factor A," of " water-soluble B,"
or " water-soluble C." Abderhalden 8o3,1*30 used the term
" eutonin " to denote the antineuritic substances as a class,
this implying the possession of a knowledge of their mode of
action—a knowledge which is unfortunately still lacking.
Equally unfortunate was this investigator's choice of the
name " nutramin " for the water-soluble growth-complettin,
seeing that this substance contains no nitrogen. Various
other names have been suggested, with a varying measure
of success. I may instance the ambitious " biophor" *3«
among the less successful efforts, inasmuch as every suitable
constituent of our diet may be termed a " life-sustainer."
Drummond,Il67 hoping to bring order out of chaos, has actually
made confusion worse confounded by the proposal to use
the oldest name " vitamin " for the accessory food factors
as a class, to retain the term " vitamine " (this being the
way in which the word has hitherto been spelt in England,
although the Americans write-" vitamin ") for Funk's anti-
neuritic substance, and to drop the qualifying adjective
" water-soluble " or " fat-soluble " in the case of tlie other
substances.

There are several objections to this proposal. An objection
to the use of vitamin as a collective name is that some of the
substances under consideration contain no nitrogen, and
therefore axe certainly not amins. Further, it seems fairly
certaifi that there is a second antineuritic substance, free from
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nitrogen, and distinct from Funk's vitamin, though like that
body it is readily soluble in water. But by the rules of priority
the original* name belongs to the substance which was given
that name by its discoverer; and there can be no doubt that
the use of the term vitamins, to denote a whole class of sub-
stances of this kind has, in actual practice, given rise to grave
confusion. If, however, the antineuritic substances are to
be known as vitamins, a still worse confusion will arise should
the same term now be collectively applied to various other
constituents of our diet. There is good ground for the conten-
tion that the misunderstandings still prevalent in the science
of nutrition are mainly due to the improper use of the word
vitSmin. In physiological chemistry no less than in every
other science it is essential that names should be perfectly
free from ambiguity, that there should be no possible doubt
as to their denotation. In view of these considerations,
preference must be given to the collective name " accessory
food factors/' introduced by Rohmann, for this name implies
no more than that the substances in question are essential
complements of an adequate diet, that they are accessory
to the four classes of foodstuffs with which we have long
been familiar—proteins, fats, carbohydrates, and inorganic
salts. But if this term is to secure acceptance in international
science, it must be translated into the international language
of science. In the present study, therefore, the author will
use the designation " complettin.'1 The term " vitamin"
will thus be reserved (in conformity with Funk's original
intention) for the nitrogen-containing antineuritic substances.
Should any non-nitrogenous antineuritic substances be proved
to exist, these must receive a distinct name. The water-
soluble growth-promoting substance will be spoken of as
" complettin B," bearing always in mind that it has very
rarely been studied apart from the vitamins ; the fat-soluble
accessor^ food factor will be termed " complettin A " ; and the
antiscorbutic factor will be spoken of as " complettin C." This
nomenclature will secure complete freedom from ambiguity.

The diseases that arise from a deficiency of the accessory
food factors must be similarly dealt with in the matter of
nomenclature. Funk 3*3 proposed to speak of these as
" avitaminosis," but if the use of the name vitantin be
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restricted to the nitrogen-containing antineuritic principle,
it would be extremely misleading to speak of scurvy (scor-
butus), pellagra, and similar disorders, as avitaminosis. For
all these disorders due to a deficiency of one or more accessory
food factors I shall, therefore, henceforward use the name
" acomplettinoses "—the German vernacular equivalent "being
" Mangelkrankheiten," the French " maladies de carence,"
and the English "deficiency diseases." There is all the
more reason for the use of such a collective designation,
inasmuch as it is somewhat exceptional to find one of these
morbid processes in a pure form. In most cases of deficiency
disease there is more than one class of substances lacking,
although the overwhelming lack of one or other of them gfves
the illness its specific stamp.

As already mentioned, the literature of the accessory food
factors has now become so extensive that the individual
investigator finds it barely possible to read without delay
and to turn to practical account in his own work the publica-
tions that are poured forth almost daily from the press.
Moreover, anyone who stands a little aside from the main
current of research will often find it extremely difficult to
decide to what extent an ostensibly new contribution really
contains novel elements. In experiments concerning nutrition
every detail is of importance. The most trifling change may
revolutionise all the conditions of an experiment. In many
instances authors fail to recognise, or do not recognise readily
enough, the real source of the new or divergent results they
report. This is only too natural. In earlier researches upon
metabolism, students were content to consider the effects of
proteins, fats, and carbohydrates ; and when exceptionally
scrupulous they would also take into account the result of a
summary addition of salts. To-day we have further to make
allowance for four or five accessory food factors; and in
addition, in the modern and protracted experiments upon
nutrition, we have to reckon with factors which in former
days were completely ignored. The variety of protein
employed, and its richness in tissue-building constituent,
must be allowed for, although our knowledge of the composi-
tion of protein is still far from precise. There is not even
one of the best-known proteins of which we can say that we
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know all the factors requisite for its existence in perfection.
Similarly as regards the fats, for we still do not know which
of these substances are absolutely indispensable to the organ-
ism. Even more complicated is the problem of the inorganic
constituents of nutrition, so manifold in their variety. From
seven to ten metals at least and as many metalloids have
to be taken into account. Each of these may exist in the
animal body, either in ionisable (i.e. salt-like) forms, or else
as a masked constituent of some extremely complex organic
combination which is perhaps itself essential to life. For
normal growth, for normal wellbeing, it is not enough to
furnish by rule of thumb a diet containing certain quantities
of %11 these substances. Liebig's law of the minimum applies
to each individual substance, and in part to each type of
substances. But the mutual relationships of the substances
are so intricate that it seems almost hopeless to undertake
researches concerning the individual minima.

The further back we go in the history of the accessory
food factors, the simpler do we find the experiments to have
been, but for the same reason the earlier technique was compara-
tively defective and the results were consequently more
questionable. To-day such experiments, if they are to be
rightly planned and if their results are to be correctly inter-
preted, demand the most careful and extensive preliminary
consideration. Furthermore it is essential, in these protracted
investigations, to make due allowance for what has been
termed " the laboratory factor/' whose importance has been
quite recently recognised. We have to remember that the
animals we are subjecting to experiment are living in confine-
ment, and are therefore far more infirm and far more exposed
to noxious influences than their congeners living in a state
of nature. Especial consideration must be paid to the
"cage-factor/' to the physical conditions under which the
animal!1 are placed, not forgetting the circumstance that a
monotonous and uniform diet is being enforced upon them.
Purely psychical factors likewise affect the wellbeing of
animals. For instance, in some animals, the mere taking
out of the cage once or twice a week for weighing will make
it impossible for them to thrive, even though their diet is
all that can be desired.
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If, therefore, we wish to appraise the upshot of individual
experiments, we must bear in mind that the earlier investiga-
tions are often vitiated ~by errors which invalidate the entire
result. It must also be remembered that not a few experi-
menters exhibit a certain mulishness, so that for one reason
or another they will not modify a wonted method of
conducting their researches, refusing to recognise or failing
to understand the improvements made by a rival. To sum
up, we rarely encounter perfectly unambiguous results. In
many cases an acceptable result can only be secured after
due allowance has been made for the defective conditions of
the experiment, or after errors have been eliminated by
comparison with the work of other investigators. In Uiis
task, the critic must not be frightened by any name, however
illustrious. Why should he be frightened ? The whole
science is still in its initial stages, and only by making mistakes
can we learn how to avoid them. Far be it from me to maintain
that my own technique as critic is wholly free from objection,
but only by strenuous though benevolent criticism can we
hope to achieve something as near perfection as human beings
can attain.

For several decades, Germany was the citadel of nutritive
research. The most noted names in this domain, those of
Liebig, Pettenkofer, Voit, and Rubner, are German. But
precisely because their leadership had been so outstanding",
the German science of nutrition became gradually enmeshed
in rigid dogmas, which were ultimately regarded as indisput-
able. It has probably been for this reason that of late, in so
brief a time, Germany has been hopelessly outstripped in the
science of dietetics. The Germans are still dumbfounded at
the revelation that there are nutritive substances that cannot
be included in the familiar four classes, and that consequently
all that has hitherto been learned concerning nutrition can
have no more than conditional validity. We have in Germany
sofeiong been accustomed to regard protein as a uniform entity
from the nutritive outlook, that we now find it extremely
difficult to recognise in practice what has long been admitted
as a matter of theory, namely that there are diverse sorts of
protein and that their diversity of values must be recognised
from tke biological as well as from the chemical standpoint.
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First of all, therefore, it will be necessary to study the latest
views concerning the biological importance of the various
proteins, that we may realise how fundamental this matter
is in relation to the planning and the interpretation of
experiments upon accessory food factors.

I have already emphasised my opinion that—owing to
the fact that the importance of protein as a tissue builder,
and the essential need for supplying energy for the maintenance
of life, are so easily understood—there has been a widespread
tendency to overlook and to ignore the importance of the
inorganic salts, although this fourth great class of nutritive
constituents has long been known to us. Let me insist once
more that for these substances, too, the law qf the minimum
is fully valid. The results of earlier researches supply ample
evidence of the physiological importance of the various
inorganic ions. In the history of the evolution of our know-
ledge of accessory food factors, the value of the inorganic
constituents of our diet repeatedly forces itself on the attention.
We* learn likewise that their interrelationships are vital to
the effective influence, not only of the accessory food factors,
but also of the three primary classes of organic nutritive
constituents whose place in metabolism had been assumed
to have been perfectly understood. These problems must
also receive close attention, if we are to be enabled rightly
to appraise individual expepments concerning accessory
food factors.

What is true of philosophy and of history is equally true
of the science of nutrition. The further we advance in our
studies, the more vividly are we made aware of the way in
which one happening is dependent on another. In the end
we recognise as a fundamental principle that the significance
of any occurrence can never be properly estimated in isolation.
In suchjan estimate, all the cooperating factors must be taken
into the reckoning before a final judgment is formed. In
the science we are now studying, this principle applies to the
problem of the bodily requirements of each* individual nutritive
constituent.

During the study of this book, the reader will perhaps
find the innumerable references to authorities disturbing,
and may be inclined to regard them as superfluous. Cet him
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r e m e m b e r t h a t " tho labourer IN W O M I ^ , "f *.:
t h a t i t would be* unjust to m e n t i o n < n • . • : } < ;
o t h e r s u n n a m e d . Moreover, f luiv«- a J M *.J. !
be ing prec ise in th is m a t t e r of f i t . i t ; :: V. ],*
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N o w t h a t m y ideas have l» r i i \u ^vi4*l*, - ; 1
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L a h m a n n . " My book wmalti tht-n J.ui t^ .•. 2.i-•
pu rpose , which is to s t i inu la t r , t h e hnu^n -i
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• I m u s t tsikf thJ-» o p i ^ .
o f D r . L a h m a u n % < ^ m a t ^ n u i u r» »4«*w.rr K . ] * J •:
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m o r e a c c o n l a u t w i t h t h e * ' p u * <«f t*̂ <- ?»*.«••:
I t f o l l o w s t h a t I a m uUmr tr-j ;r-}}> |, t u*\



CHAPTER TWO

THE BIOLOGICAL VALUE OF THE VARIOUS
PROTEINS

i . THE BIOLOGICAL VALUE OF THE AMINO-ACIDS

THE reader must first be reminded that, according to the
pioneer investigations of Emil Fischer and his pupils, the
proteins are largely or mainly constituted out of ester-like
amino-acids compounded to form polypeptids. It is remark-
able to find how little variation there is in the composition
of the most diverse sorts of protein. As yet only a small
number of amino-acids have been isolated from the natural
proteins. Here is the list of these, the conventional name
being given in the left-hand column, and the structural name
in the right-hand:

glycocoll
alanin
serin
valin
leucin
isoleucin
asparaginic acid
asparagin
glutainic acid
glutamin
arginin
ornithin
lysin
cystin
cystein
/J-phenyl-alanin

amino-acetic acid
a-amino-propionic acid
jS-oxy-a-amino-propionic acid
dimethyl-a-amino-propionic acid
dimethyl-a-amino-butyric acid
methyl-ethyl-a-amino-propionic acid
a-amino-succinic acid
the anhydride of the same
a-amino-glutaric acid
the anhydride of the same
S-guanidin-a-amino-valerianic acid
a, S-diamino-valerianic acid
a, c-diamino-capronic acid
a-amino-/3-propionic acid disulphide
a-amino-/?-propionic acid sulphhydrnte
0-phenyl-a-amino-propionic acid *

29
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tyrosin oxy-phenyl-alanin
tryptophan jS-indol-a-amino-propionic acid
histidin ^imid-azolyl-a-amino-propionic acid
prolin a-pyrrolidin carbonate
oxy-prolin oxy-a-pyrrolidin carbonate

Leaving* out of consideration the anhydrides and cystrin
(which are in all likelihood no more than decomposition
products formed in the course of the experiments), we are
thus concerned with only eighteen arnino-acids, out of which
the innumerable proteins are constructed. Of course evvft
this limited number of constituents gives ample scope for
varieties in combination. Out of the eighteen aiaino-adidS|
no less than 6,708,373,705,728,000 proteins could theoretically
be built up. Were we to take no more than ten of the amino-
acids, with these we could form 595,071 varieties of protein.
But the differences between the proteins do not depend solely
upon differences in the arrangement of these particular con-
stituents, for unquestionably most proteins likewise contain
various quantities of other substances besides the amino-acids,
Finally we have to reckon with structural differences, whiclt
must certainly arise during the formation of optically active
amino- acids.

It has long been Imown that the digestion of proteins
involves their decomposition, and that when the influence of
trypsin is sufficiently effective this splitting-up may proceed!
as far as the formation of various amino-acids. Conversely,
'Abderhalden has been able to prove 45* that dogs can be
quite as efficiently nourished upon completely disintegrated
protein as upon protein in the natural state. It was, indeed,
subsequently shown that during the process of normal diges-
tion the disintegration of protein does not usually go so far
as the formation of free arnino-acids, being arrested in the
polypeptid stage. Still, Abderhalden's experimerfts have
demonstrated as a matter of principle that the animal
organism is at any rate competent to build up its own specific
proteins out of the requisite amino-acids. Quite a number
of investigators had anticipated AbderhaMten in this demon-
stration (though somewhat less drastically), inasmuch as in
experiments upon animals they had shown that when a variety
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of protein lacking in some constituent indispensable to normal
growth is given as a food, this protein may be rendered
biologically adequate by adding the desired constituent to
the diet.

In the before-mentioned work, Abderhalden likewise proved
that certain tissue-building constituents of protein are abso-
lutely indispensable to the body. Above all, this is true of
J^ryptophaf^, which cannot be substituted by any other pro-
ducts of protein disintegration. It is true also of Lztyrpsin,
which can be replaced by its antecedent 1-phenyl-alanin,
but not by any of the aliphatic amino-acids nor yet by the
corresponding keto-acids. Thereby Abderhalden confirmed
whSt Osborne, Mendel, and Ferry 2*5 had previously main-
tained, that the animal organism is incompetent to effect " ring-
closing " (cyclopoiesis).

Glycocoll, which can easily be produced by the oxidation
of alanin or even of serin, need not apparently be provided
ready-made in the food. Prolin, again, which is readily
producible in the body by the oxidation of histidin, need not
be supplied if the last-named antecedent material be furnished
in the diet in sufficient quantity. Finally, it was proved
later that Ircystin is essential. But in my opinion it still
remains to be ascertained whether this substance cannot be
substituted by the corresponding sulphhydrate cystein,
since the latter can unquestionably be oxidised to form
cystin within the body.

Abderhalden was unable to show that d-lysin, arginin,
ornithin, l-histidin, and d-glutamic acid, are indispensable.

In this chapter I have given the premier place to Abder-
halden's researches because his name enjoys exceptional
repute in Germany. But he was far from being the first to
undertake experiments of the kind. In the United States,
experiments in the artificial feeding of animals were long
ago inslitiited, Osborne and Mendel, in particular, have
made extraordinarily comprehensive and far-reaching researches
in this, field—researches which are directly related to Metschni-
koff's views concerning " ntitritive pills " ; but the enquiry
as to the validity of the theory was undertaken long before
it had become widely known. Osborne and Mexidel have
been greatly interested in the question whether ahimfils can
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carry on their vital economy with the aid of comparatively
simple means; whether, for instance, phosphorus in purely
inorganic combination will suffice. In these experiments,
as soon as their duration was extended over many days or
several weeks, the varying biological importance of the
different proteins began to become manifest. As early as
1912, Osborne and Mendel were able to prove that the dietT
must contain certain minimal quantities both of tyrosin and]
of tYyj)ioj)h(in?%5

In the work just mentioned, and again later,349 these investi4
gators showed also that glycocoU is not an essential factor ini
diet; Lewis, 653 and Lewis, Cox, and Simpson,Il83 came to
the same conclusion. Contradictory, at first sight, is* the
statement of Nitzescu,8°4 that the protein of maize is incompe-
tent to promote proper growth, owing to its lack of tryptophan
and its inadequate content of glycocoll and lysin; but the
Rumanian forgot to make a control experiment, adding the
aforesaid substances to the diet in order to ascertain if any
or all of them were truly indispensable. I have already adduced
theoretical grounds for the opinion that glycocoll is not essen-
tial, inasmuch as this substance has such a composition that
it must be formed in the organism by simple oxidation out
of all the other aliphatic a-amino-acids. Such, too, is the
bearing of Ivar Bang's discovery,5<>8 that proteins poor in
glycocoll, and perhaps also in alanin, have in the rabbit no
effect upon the amino-acid content of the blood; these sub-
stances, when present in very small quantities, are promptly
used for building up the protein of the animal body. When,
on the other hand, foodstuffs rich in glycQcoll were given,
an increase in the amino-nitrogenous content of the blood
ensued; obviously because, when the bodies rich in glycocoll
or alanin were worked up within the animal organism, amino-
nitrogenous substances were produced in excess of the needs
of the tissues. It is well known that when an "aliphatic
carbon chain undergoes oxidation in the animal body, the
oxygen seizes the terminal carbon atom—or, if this be already
a carbonyl, the adjacent a-carbon atom. But an exception
to the rule occurs when the a-carbon atom is linked to an
amin group, as is the case in all the naturally extant aliphatic
amind-acids. Then this atom is overpassed, the oxidation
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affects the jS-atom, and the chain is broken with the formation
of NH3 . CH2. COOH—glycocoll, to wit. There is, however,
little likelihood that alanin can be formed in the body, seeing
that in alanin the j8-atom is not oxidised. Throughout the
literature- of the subject, in fact, we can find no indication
that it is possible to dispense with alanin. Sure, indeed,
tells us la63 that the addition of alanin to a protein of very
low nutritive value did not bring about any improvement.
But in this experiment there were so many other unfavourable
factors that the ineffectiveness of the addition of alanin does
not justify any inference concerning the indispensability of
th%t substance.

Just as, during the process of oxidation within the animal
body, glycocoll must arise out of the aliphatic amino-acids,
so, and for the same reason, must prolin arise out of histidin
compounds as a terminal product of biological oxidation.
In actual fact it appears that this amino-acid is not a vitally
essential constituent of our diet,Iz63 provided that a sufficiency
of histidin be supplied.

Indispensable, on the other hand, are valin, leucin, and
isoleucin. Leucin (amino-isocapronic acid) cannot be substi-
tuted by norleucin (normal amino-capronic acid).1200

As far as the so-called hexone bases are concerned,
peculiar conditions appear to prevail, and the matter has not
yet been cleared up. Numerous experiments seem to JtiavdL
shown beyond dispute that lysin is an essential dietetic factoff;
and that the animal organism must be supplied with considers
able quantities of this substance. > (Cf. 349, 43*, 49a, 55°. 5***<
598, 613, 634, 680, 804, 1095, IOOO \

It is different as regards arginin land histidin. When both
these bases afe lacking, normal development is impossible,
and it is even impossible to maintain the body-weight.
Nevertheless, although the two substances differ so greatly
in composition (arginin has an open carbon chain, from
which there is no prospect of passing to the heterocyclic
histidin), Ackroyd and Hopkins 535 and Geiling 65° agree in
reporting that adequate growth can be secured when either f
arginin or histidin is supplied in the absence of the other, i
The explanation perhaps is that the bodily requirements are
very small in the case of both substances—for it is hardly
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ronceivable that either cun he transformed infn the other
the organism.

is of peculiar composition, and tnuneinir* «»!»• fivit-
have shown it to be, indispensable tn nntiiium ;MT,

however, the re^eivatinn made on \K ;n, I'.vrii pt*»teins
rich in iVMin, such as cast-mM•*« u*i and lart.ilbuunn,1'*'*
squ i re an enhanced nutritive value when Mnall *|naiifili«H
uf cvhtin air siimiltanrnu-Jy aclinini^ti-rrd,

liuiMmu h as th*1 animal ot^amMn Mi-nis !*• lit iur^nijH-trnt
in atliit'Vf- ryrhijxiirsis, it is obvious that phni\l aLwtn must
hv an tiuiisjionsalih* factor of nutrition/"^ Mittlnll tfHotds
an ohNcrvation to thv op{Hisitr effect,f« hut. in fhh i*X|''«
th«? arluiiiiistratiou ui auuno-arids alt«'n$at«-«l with \^%
]trott*itt starvatum dtu-inj; which amum-aritli vvni? i>f
laiiig formed within thr body. In hunger static thrsr •itumt>-
aridn art* vigorously retained, and this may have KalMffetl the
results fiurinjK tlw sutiM»qiK t̂it perif*-d wht-n afium«-;ic-i(K were
hrinm supplied in the fomh

It is equally ohvinus that, tyrovn mn\i be an r\\rnti;tl
dkietic factor; the mjtn^te quaiiUfi*-, «4 tj«s '•.tiii^fanrr
are small^M hut vitally iiiij«»rtant.J;*^ Mit« hrlYn rdt^ivaUoit
tu ttie contrary <•**> is# as in the cane of phe.nvl al.uun, ejcpli*able
front the pei'nliar conditions of the cxperimrtif. As *\u%u\y
%iiii9 the iitrcf:**sary atnutitit i** very small.v* This i* acc:t«inted
(«r by Abtlwhaltkrn'sohsri'valiun *f^ that iytmm ioxy-|*Jiriiyl-

in to Kf*nm «rxt*"itt replat'eaiile In* itf antecedent pb**nyl-
whkh imdergum uxuhium withtri the bfirty, The

of a hen/,r.il ring, MI «itflkuh tu effret in the blmiitfory,
ii a fannliar occiirrejici* in the animal nt$>*mkin>. t nw*l only
ri?tinintl the reader of thetra.n^furm;ttiim of î tjjeoJ into p

f have rnorr tlian OUCK itiMMitJ that hypfapfutn
indts|ieii^iWi: tlietetir factor. On thwirefkal gromid?i it
\m m$ owing to the complicated rompt»>itttm of thti»
and owing to the tnc:mnp<?trncf* of the hnitian or̂ rir$$i*in to
*ynthf!tt!itt cajrbon chains, 1'lie infrrttir^ in *:oiij*rtnrd by

tMervatim}^ f€f. if>* *H- ««». i*«* **H *̂* >r^t «**ij
to the iitrffirt* inrntiiintti incapacity of thr body, it

$* obvtotMi that tryptoph&n ctannot be n*pl^r«l im dietetic
purpuM^ by its dKintef^ration prmbicf cvntirk jici«.l̂ ^f Since
the organism needs fairly large amounts of iry}>t<*ph.m, we
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find that, when the proteins in the food contain only small
quantities of that constituent, growth runs parallel, to a certain
extent, with the tryptophan content.49*, 613 j ^ i s partly explains
the superiority of mother's milk to cow's milk for infant
feeding, seeing that the lactalburnin of human milk is
peculiarly rich in tryptophan. Although human milk con-
tains a smaller percentage of protein than cow's milk, the
absolute tryptophan content of the former is considerably
larger. *w 11 is noteworthy that when there is a long-continued
deficiency of tryptophan in the diet, the endocrine glands
degenerate just as they do when there is a complettin deficiency.
Tins will be further discussed in the sequel. Enough for
the moment to point out the superlative importance, in
experiments upon the effects of the complettins, of attending
to the satisfactory composition of the dietetic proteins.ro55

Mo investigations concerning oxy-prolin have come under
my notice ; but we can hardly be mistaken in assuming that,
like tyrosin, it is replaceable by its unoxidised antecedent.
In the case of oxy-prolixi this antecedent is prolin, and perhaps
also histidin. So complicated a substance, being heterocyclic,
can hardly be replaced by any other food constituent than
those just named.

Before closing this brief survey of the biological importance
of the ammo-acids, we must refer yet again to Mitchell's
work,549 which shows that during brief experiments even grave
errors in diet can. be compensated. Experimenting on TvHte
mice, Mitchell gave them a diet consisting of a mixture contain-
ing 34 % of starch, 28 % of protein-free milt (providing B,
C, and inorganic salts), 10 % lard, 18 % butter (providing A),
6 to 7 % sugar, and 4 to 6 % of a mixture containing
various amino-acids; this alternated with the same mixture
except for the last-named ingredients, the arniao-acids being
replaced by a supplementary 10 % of sugar. He found that
this alternation of a protein-free diet with one in which the
protein content was manifestly inadequate gave better results
than either the protein-free diet or the diet containing amino-
acids given uninterruptedly* Obviously the defects in the
composition of the amino-acid mixture (which wheaggiven
unintermittently could not "but lead to overfeeding with some

, cf the amino-acids and to underfeeding with others) were miti-
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gated in this way, that in the intervals when a nitrogen-free
diet was given the body was forced to draw upon its own
stores of material. We know that in such circumstances
the most important constituents are vigorously retained by
the body, and that on the other hand an intensive nitrogen
hunger is induced. By these two factors, during the periods
when the ammo-acids were given to the; white mice a better
utilisation of the nitrogen was ensured than wan possible
in the instances in which the arnino-acicls were given umnter-
mittently. Of course the organism's powers of self-help in
this respect are strictly limited, and Mitchell could not keep
any of the: white mice alive for more than ()H days. We see,
however, that in brief experiments the organism has numerous
possibilities of self-help, numerous ways of compensating
for defects in diet. Brief experiments, therefore, do not
afford valid conclusions concerning the offerts of an experi-
mental diet* If gross fallacies are to be avoided, the experi-
ments must be continued for so long a time that the sources
of self-help in the organism run dry. Kxpwimcnts upon the
utilisation of proteins have commonly infringed this rule •
especially when domestic animals have been the Mibjrcts of
experiment. Thus only can we explain how, in fk*rntany
during the war, yeast (a substance of very low nutritive value!
an far as its protein is concerned) could t>e recommended as *
an adequate source of protein.

Inasmuch as the ammo-acids c^n only be utilised by the
organism in so far as the diet contains other con*ttttu»ntn
enabling these acids to be amplified into protein* proper to
the animal under consideration, the supply (whctlier by mouth
or hypodermically) of ammo-acids that cannot be thin
complemented is a useless burdening of the body. This is
proved by the rise in the amino-acid content of th*» blood
in such circumstances, and by the increased excretion of
ammo-acids in the urines*** $*»

In view of all these considerations, a discovery made by
Abderhalden «s» is easy to understand : it in almost indifferent
whether we give as food the protein specific to the animal
concerned, or protein from some extraneous source ; on the
other hand, the aggregate protein of an animal is greatly
superior to the protein derived from any individual organ,
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2. THE RELATIONSHIP OF THE PROTEID TO THE
NON-PROTEID NUTRITIVE SUBSTANCES.

Of course in all such experiments the investigator must
strictly observe the conditions that were found essential in
the very earliest studies of protein metabolism. There must
be an adequate supply of energy, measured with a liberal
rather than with a sparing hand; and a suitable ratio must
be preserved between the nitrogenous and the non-nitrogenous
nutritive constituents. A vast amount of writing has been
devoted to this ratio, and the most contradictory views have
been put forward. Especially conflicting are opinions con-
ceAing the question whether nutrition can be adequately
sustained by proteins and carbohydrates in default of fats,
or by proteins and fats in default of carbohydrates. This
problem is intimately connected with two others. First,
can fats and carbohydrates be manufactured out of proteins ?
Secondly, are fats and carbohydrates really built up into the
substance of the organism, or do they merely serve to supply
it with energy ?

The latter question is the more important of the two,
for if fats and carbohydrates do not form essential constituents
of the living tissues, their manufacture out of proteins is
manifestly superfluous. Proteins unassisted could then provide
for the requisite supply of energy. For a long time, physiolo-
gists were inclined to assume that fats and carbohydrates
served merely as fuel or reserve. The German experience of
war nutrition has, however, pointed towards the conclusion
that fats have a certain value as tissue builders supplementary
to their value as energy providers. It might be contended
that the ailments attributable to a deficiency of fat in the
diet were mainly due to a lack of fat-soluble A, and the infer-
ence mi&ht seem warrantable as far as the great majority of
the population was concerned. But Similar ailments occurred
in vegetarians, despite their daily consumption of such foods
as spinach and carrots, which contain large quantities of
fat-soluble A. We are therefore led to infer that fats are
indispensable as tissue builders.

The objector may still point out that symptoms of fat
deficiency are not seen when there is a very liberal supply
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of protein. But, on the one hand, almost all food rich in
protein is also rich in fat (pulses, and even lean meat); and,
on the other hand, it may now be regarded as proved that
fat can be formed out of superfluous protein. The ill-effects \
of a fat-free diet can, therefore, only become apparent when!
the supply of protein is reduced to somewhere near the
minimum. Unimpeachable experiments of such a character
are not yet forthcoming.

However, the experience of various investigators accords
with the data furnished by war dieting. Bierry957 was led
to the firm conviction that fats must actually serve as building
materials in the animal organism, and that there must there-
fore be an essential minimum of fat in the food no less than
an essential minimum of protein.833, 973, *™6 A specialist in
this field, Maignon, emphasises his view that the reason why
it is so difficult to ascertain this minimum is that fats can be*
manufactured out of proteins within the animal organism.744
On the other hand, the same investigator has found that a
purely protein diet is directly toxic to the animal organism..
The to^c influence is not solely explicable as the outcome of *
the effect of acids, for it cannot be prevented by the adminis-
tration of alkalies; but it can be prevented by adding fat
or carbohydrate to the diet.778, 882, 883, 1081 Amar comes to
the same conclusion.779 Both Maignon and Amar opine that
in these circumstances the fats have a protein-saving influence.
Maignon 87o, 9°3 attempts to explain this by suggesting that
the missing amino-acids may by aminisation be formed out
of the fatty acids. (An objection to this theory is, that the
animal organism is incompetent to build up amino-acids out
of fatty acids by aminisation.) There must, however, be
contributory factors, for the toxic influence of the proteins
exhibits marked periodicity; it is most apparent in spring
and autumn, least apparent in winter and summer. Possibly
the more vigorous growth that occurs during spring anci autumn
has a bearing upon this matter.941,1081, n*8 Carbohydrates,
likewise, can counteract the toxic influence of proteins.
Bierry, Maignon, and their pupils are all in agreement here.778>
779* 833> 936,957, 963,973. i°39, *™6 The addition of lard to the
extent of one-fifth of the weight of protein is already enough
to improve the utilisation of the protein; but the best result,
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namely nutrition with the lowest quantum of protein and
of energy supplied, is secured when e^ual weights of protein
and fat are given. 778> 883, 941, *™* Furthermore, a similar
improvement in the utilisation of proteins can be secured
by supplementing them with carbohydrates; but in that
case the supply of calories and the consumption of protein
were higher with a diet containing equal weights of pro-
tein and starch than with one containing equal weights of
protein and fat.77*. 941, "28

This view, that fats induce a better utilisation of proteins
than carbohydrates do, is directly opposed to the opinions of
Atwater, Mendel, and Levi; and it is contested by Ter-
roine,^1 who, however, has no evidence to offer in rebuttal.
Maignon,87°, 903 in order to explain this mode of action, assumes
that there is increased formation of amino-acids out of both,
the glycerine and the fatty acids of the fats; the effect of
carbohydrates is accounted for by their competence to supply
the demand for energy .93̂  Whereas it is difficult to believe
that ammo-acids can be newly formed out of either glycerine
or fatty acids (see above), in my view the observed facts a r e
readily explicable. We may suppose that, when fat is lacking',
proteins must be used up for the formation of fat. Thereby,
first of all, there ensues a greater consumption of protein§;
and, secondly, the consequent products of protein decompo$i*-
tion may very well account for the toxic phenomena ^ t
are witnessed in the bloodvessels and the kidneys;

simultaneously (in accordance with Maignon's view) a
siderable proportion of the protein must be expended t o ,
supply the requisite energy. Carbohydrates, finally, t a k e
effect as savers of protein chiefly in virtue of their power t o
function as readily utilisable sources of energy. Thus t h e
protein-saving effect of carbohydrates is direct, that of f a t s
both direct and indirect. These considerations likewise
explain svhy it is that the best results as concerns both the
utilisation of the protein in a diet and the calorie consumption
of a diet are secured when the diet contains fat and carbohydrate
as well as protein, and when the weight of fat is at least equal
to that of the protein, whatever proportion of carbohydrate the
diet may contain.

It is or should be obvious that valid and unambiguoxxs
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results can only be expected from such experiments when
the supply of food constituents is kept down to somewhere
near the minimal requirements, above all as far as protein
is concerned. The defect of the researches of Atwater and
his collaborators is that they gave quantities of protein greatly
in excess of the minimal requirements, thereby obscuring the
influence of the fat upon the calorie consumption and still
more its influence upon the protein consumption—for fat
could be manufactured out of the surplus protein.

It used to be believed that very large quantities of protein
were requisite, and those who still cling to that view will be
surprised to learn that a diet containing equal quantities of
fat and protein is the most economical. Amar, however,
showed as long ago as 1909 that in man the best utilisation
of the food is secured when the diet contained equal weights
of fat and protein. The protein requirement will then be
minimal, and even the fat requirement will be only a fourth
or a fifth of what was formerly assumed to be necessary.

3. THE IMPORTANCE OF INORGANIC CONSTITUENTS
IN METABOLISM.

Before we proceed, attention must be drawn to another
fact which in Germany has been strangely overlooked and
has to a great extent been even directly denied. I refer to
the effect of the inorganic constituents of the diet upon the
utilisation of the protein it contains. The American specialists
required nearly a decade to learn from their experiments
that not only the total quantity of inorganic constituents,
but also the quantities of the individual inorganic constituents
and their mutual quantitative relationships, and in especial
the relationship between anions and cations, are of decisive
importance in relation to the demand for protein. But, in
contradistinction to their German colleagues, the Americans
did learn this in the end, and the consequences of the lesson
are manifest in the incomparably better results secured by
the Americans, not only in respect of the utilisation of the
protein content of the experimental diets, but also in respect
of the mean duration of life of the animals subjected to
experiment. It is indeed strange that in the land where the
law ofcthe minimum was discovered, this law should be denied
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as far as the inorganic constituents of a diet are concerned.
In 1912, barely two years after myself, Osborne and Mendel 22S
expressly declared that a minimum of the various inorganic
constituents is essential to the maintenance of life ; a compara-
tively small supplement of each then suffices to ensure normal
growth. A further increase of these inorganic constituents,
even an immoderate increase, exercises no further influence
on growth. In the next chapter this matter will be more
closely considered, but it was necessary to refer to the question
here because without some knowledge of it the investigations
concerning the biological value of the different proteins cannot
be properly appraised, and because these relationships throw
light* on much that would otherwise be obscure. I need
merely remind the reader how long the belief prevailed that
maize protein is poisonous, until at length the realisation
came that the toxic symptoms which had attracted attention^
were merely a form of acidosis consequent on the lack of
certain inorganic constituents.451/ etc«

4. THE BIOLOGICAL VALUE OF THE VARIOUS VEGETABLE
PROTEINS.

The most important of vegetable foods are the cereals.
They are diffused all over the earth, wherever plant-life is
possible. Many persons are of opinion that they constitute
ideal foods, and Hindhede declares that wholemeal bread
comprises an adequate diet without any supplement. This
is by no means the case.

Rice demands consideration first, although comparatively
few investigations have been undertaken concerning the
biological value of rice protein. Boyd Il87 found its worth
to be four-fifths that of meat protein, but his experiments are
open to criticism because he was not aware of the importance
of the inorganic constituents of a diet, and because his experi-
ments were of too brief a duration. On the whole it would
seem that rice protein is of a rather low grade, for Buckner,
Nollau, Wilkins, and Castle 877 report, in agreement with
Abderhalden,8^ that rice as the exclusive source of protein^
does not suffice for normal growth. In especial, the develop-
ment of the genital organs is impaired, and reproduction is \
hindered. The insufficiency of the aggregate rice protein
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would seem to be quantitative rather than qualitative. It
contains all the substances requisite for tissue building, but
some Of them are not present in adequate anwunK If the
animal can be supplied with a sufficiency of ri«'e protein (by
adding isolated protein to the rice consumed), normal develop-
ment and normal growth take place. P»uf, acmrdinj* !o
Osborne and Mtfndrl,?*6 for this result to be arhieved flu*
rice protein must comprise from t(> to tj % of the total f«jod.
Seeing that polished rice contains only 0 ";, of pint* in, and
unhulfcd rice no more* than 4.7 %, rice* an such v- inrninprtent
to promote normal development or to maintain
Boruttau77* declares that ground rice (i.e. the m
contains a higher percentage of protein th.m whole Tic«»,
There must be some error of observation here, Un the experi-
ence conflicts with that of all other investigators. Otherwise
there is general agreement that in the rue grain the £ttm
contains the highest grade and the endosperm the fourst-gradt
protein.

In like manner, Osborne and Mendel i& decrtair that in
the case of maize tin* embryo alone contains protein ftdeqti.U*?
for nutrition, whereas neither the whole grain imr thr Uwiir
in competent even to maintain weight in animals frtl ujwn
it. Thon: have bc*en numenais reneairljei rfinrrrning th«*
biological value of maize protein, the subject having a
great attention because the inadequacy or tnxkity of
ha$ been regarded as the ratist? of {X'lla^ra"- -matters to
more fully considered in the chapter on that rli*ttt.si*.
toni and Tullio w and Sherman lftia agree in stating that in
man a nitrogenous balance! cannot be* maintainrtl with makf
as the only source of protein in tin* diet. Affording to
Sherman, Wheeler, and Yates,?*1 and according to hheottan
and Wintcrs,7<* maize protein in for human being* even
than tho already inaderjuate wheat protein, The q y
of maize protein for growing p i ^ has \mm drftniteijr proved
by Hart and McCoIlum,*1* H<igiJi/*\ McCollttm< Stmmond«
and Pitzji* and Hart, Stct*nbockp and l.*>tr\m*». *MI ; it
does not even suffice to maintain weight in thr* adult pig.W*
Baglioni,**0 Hogan,^1 Mr,(!olhtm and Saminomk^)41 and
Abderhalden V have provt«d that maize protein will not
sufiico to maintain growth in rats. According to AMcrhalden,
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the biological value of maize protein is no greater than that
of the endosperm protein found in polished rice. Hart,
Halpin, and Steenbock,655 and also Nitzescu,8°4 state that
maize protein is inadequate even for grain-eating birds like
the barndoor fowl; sooner or later the animals become
emaciated and perish. Boyd Il87 likewise considers the proteiii
of maize to be of a very poor quality, having only one-third
or one-fourth of the biological value of meat protein. Maize
gluten, isolated as a by-product during the preparation of
maize starch, is also, according to Osborne and Mendel,55°
of extremely low biological value, although much larger
quantities of it than of crude maize can be administered as
foocfc Nevertheless, maize contains certain proteids (maize
glutenin or glutelin), which are fully adequate to promote
growth in animals. But the utmost amount of these in
the grain is 30 %, whereas at least 50 % of maize consists
of the quite inadequate zein,2I7,349, 393, 423, 1075. **9S. **63 so that
the net result of maize feeding is unsatisfactory. Of course by
giving a sufficiency of the aggregate maize protein, a tolerable
result could ultimately be secured, but this would be a very
irrational way of feeding, seeing that two-thirds of the protein
are more or less completely lacking in essential tissue-building
constituents. Zein is especially characterised by the almost
entire absence of lysin and tryptophan.55°> 6l3> 634 Conse-
quently it is possible to supplement maize protein effectively
by adding to the diet blood, egg albumin, edestin, cottonseed
protein, casein, and, above all, lactalbumin—the two last
being peculiarly rich in lysin and tryptophan. Superheating
maize protein in the autoclave does not better i t ; on the
other hand, in the case of maize as in that of cereals in general,
the process of germination appears to enhance the value of
the protein. Attention may here be again drawn to the
fact that the maize grain, like all other seeds, is inadequate
in respe<!t both of the total quantity and the composition of
its inorganic constituents^, 451* 568> 578> 6l*, 655> 9°°, "43 In the
case of the higher animals, the lack of calcium has a very
marked effect on growth. 34* Unmistakable, too, is a grave
disproportion in the relative quantities of acids and bases,
and Baglioni45* expressly states that the animals he was
experimenting on (guineapigs) died of acidosis. The •same
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observer draws attention to a fact which seems to be connected
with the foregoing, and one which I myself demonstrated
ten years ago; when an animal is fed upon an inadequate
protein, a retention of nitrogen may occur despite the decline
in body-weight. If the maize diet be supplemented by a
sufficiency of fat, etc., then (in the absence of growth) an
increase in weight may occur through the deposit of fat and
the retention of water in the tissues, but the retention of
nitrogen is apparent merely. With the substitution of an
adequate protein and the addition of a sufficiency of alkali
(or even with the latter alone), there ensues a discharge of
the accumulated nitrogenous and acid residues, with a resultant
abrupt fall in weight. As long ago as 1909, I referred to this
retention of nitrogenous residues as being the outcome of the
retention of acid residues which must occur when there is a
deficiency of alkalies in the food.

As regards wheat protein, McCollum and Davis 425 declare
that 6 % in the food suffices to ensure normal growth in young
rats ; but these results are in sharp conflict with those of all
other observers, such as Abderhalden *96 and Osborne and
Mendel.873,1082 When working in conjunction with other
collaborators (Hart,409 and Simmonds and Pitz 579,598), McCollum
is constrained to admit that wheat protein does not suffice
to maintain growth in rats ; and Johns and Finks,Il89 experi-
menting under very rigid conditions, come to the same conclu-
sion. Hart and McCollum,4<>9 and Hart, Halpin, and Steen-
bock,655 found that wheat gluten, the residue from the
manufacture of wheat starch, was inadequate for growth, in
rats; Drummond 876 came to the same result with chickens.
Hart and McCollum 409 found wheat inadequate to promote
growth in pigs, and McCollum and Simmonds^1 found it
inadequate to promote growth in dogs. Sherman, Wheeler,
and Yates 720 found that wheaten bread made of a 74 % flour *
was insufficient to maintain body-weight in human beings,
and their results were fully confirmed by the investigations
of Sherman and Winters.74* According to Sherman, Wheeler,
and Yates, and also according to McCollum and his collab-
orators, wheat protein has unquestionably a somewhat higher

• A flour resulting from a milling process in which 100 lbs. of wheat
yielded 74 lbs. of flour.
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biological value than maize protein, but they seem to supple-
ment one another to some extent. A mixture of the two
is still inadequate, but it gives better results than an exclusive
diet of maize or wheat.

When we consider the separate proteins of wheat, we
find that the relationships are much the same as with maize.
According to an early (and therefore somewhat untrustworthy)
investigation by Osborne and Mendel,2I7 glutenin, one of the
two chief constituents of wheat gluten, is adequate for growth,
whereas gliadin, the other chief constituent, is quite inade-
quate. To convert the latter into an adequate protein, lysin
must be added.1200 But although gliadin is not competent
to promote growth sufficiently,I27» 393.1075 it is apparently
competent to maintain weight.^5. 24*. 4*3 I t seems question-
able, however, whether gliadin can really maintain the body's
stores of protein. According to Baglioni,393 it can bring about
the maintenance of the nitrogen content of the body, and
can even increase this; but just as in feeding with maize
protein, so here, the increase in nitrogen content is a spurious
one dependent upon the storage of residues, and is attended
by an inevitable loss of weight. Since the inadequacy is
mainly referable to a lack of lysin, and perhaps to some degree
also to a partial lack of tryptophan, wheat protein can be
efficiently supplemented by substances rich in these amino-acids,
such as gelatin, meat, eggs, milk, or considerable amounts of
casein, or even by the protein of the earth-nut (Arachis
hypogsea). The lowest-grade protein of wheat is that in the
endosperm. The protein of the bran is of much higher value,
even superior to that of the germ as far as concerns richness
in substances essential to the maintenance of the animal
organism ; on the other hand, for the purposes of growth the
germ is somewhat superior to the aggregate grain, and twice
as good a£ the endosperm protein.77*, 873, *°83 According to
Boyd,Il87 the biological value of the endosperm protein is
only about 39.5 % of that of meat protein.

Abderhalden found in his experiments *96 that the aggre-
gate rye protein was inadequate for the maintenance of growth;
it was inferior to barley protein, but certainly superior to
wheat protein. Osborne and MendelIo8a also state that#rye
protein is unsuited for the maintenance of growth in rats,
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but according to these authors it gives better results than
barley. We must leave the question undecided whether the
divergency between these two authorities is to be explained
by the varying conditions of the respective experiments
(the Americans certainly had a better mixture of salts as a
constituent of their trial diet), or by accidental differences
in the specimens of grain used. As early as *<JU> * WJW

myself able to show beyond dispute w. *r». 7K*. *:$ that in
human beings, both during growth and in adult life, the nitrrh>\
genous balance is better maintained by rye protein than by'
wheat protein. In the case of rye protein, too, we find that
one of its constituents, gliadin, though fairly roinpotejit tr>
maintain body weight,"7 is quite inadequate as a factor oi
growth."5> 4*3 The chief lack in rye protein would nwrn to
be lysin, but possibly tryptophan is likewise wanting, for the
addition of small quantities of casein or still better of Istctal*
bumin makes comparatively small amounts of rye protein
competent to promote normal growth,toKl

Oats play a great part in modern dietetics. It is all th*?
more interesting, therefore, to find that the strictly scientific
experiments of McCollum, Simmomls, and Pit/.^fA ****> ihhtmw
and Mendel,?^, loHl and Abtkrhalclen V> have proved clearly
and incontestably that oat protein is incompetent to main*
tain normal growth in rats. According to Alxlrrhalden, its
biological value is less than that of rye* protein. Muckner,
Nollau, Wilkins, and Castle *77 found tha name thing in the
case of chickens. Sherman, Winters, and Phillips w go m
far as to say that the biological value of oat protein in human
nutrition is no greater than that of make protein, In oat&,
as in the grains previously considered, it would M*vm thai
the proteins of the endosperm are of much lower grade than
those of the whole grain.1011* By general agreement* gelatin
is an adequate supplement to oats ; but whereas Oiboroe and
Mendel 7s* found that the addition of casein mtffkfd to make
a diet of oats adequate, the experiments of McCollum in this
direction gave negative results.

Barley, too, plays a notable part in modern dietetic*.
But in this case likewise the unexceptionable experiments of
Bucjcner and his collaborators ^7 with chickens, and those
of AbderhaJden%* and Osborne and Mendel"** with rats.
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showed that when barley protein was the sole protein in the
food, growth was not maintained. This becomes explicable
when we learn that hordein, one of the chief proteins in barley,
contains no lysin, and is consequently quite inadequate.21?*
us, 423 Apparently, however, the lacking tissue builders are
present in the other proteins of barley, for with a diet con-
taining 5 -4 % of isolated barley protein Steenbock, Kent, and
Gross 740 find that weight can be sustained, and that when the
percentage rises to 13-6 a slight growth begins. According
to Osborne and Mendel,736 normal growth takes place when
the food contains from 16 to 17 % of barley protein.

Recording to Hogan's researches,680 the kafiirin of millet
contains too little lysin and cystin to suffice even for the
maintenance of body-weight.

We see, then, that none of the cereal proteins are competent
to maintain the growth of the animal body,3*9 and that only
a few of them (rye and barley) are adequate to keep up the
nitrogenous balance in the adult. Since all the proteins
are different, it seems theoretically possible that in a mixture
of various sorts of grain there will be a mutual compensation
of deficiencies. The experiments of McCollum and Simmonds
show that this compensation does to some extent occur, for
mixtures of the kind have as a rule a far higher biological
value than the proteins of the individual cereals used in
isolation.68**8a* Nevertheless, even the mixture of as many
as eight to ten varieties of grain proves incompetent to promote
perfectly normal growth, although such a mixture can ensure
the maintenance of body-weight. The reason for the inade-4
quacy is that the cereals have the common defect of containing!
too little lysin and cystin, and in most cases too little trypto-i
phan as well. Furthermore, the cereals contain too low a*
percentage of protein, so that without isolating the proteins
it is impossible on an exclusive cereal diet to ensure an
adequate supply of these. In this connexion, ,we secure
analogous results as when inadequate mixtures of amino-acids
are used, as experimental diets,54? for better effects are attained
by ringing the changes on different kinds of cereal proteins than
by persistent feeding *%vith any one kind.*9s

Pea legumin in sufficiently, high doses is able to maintain
body-weight,**5> 4*3 but is inadequate as a growth factor. The
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aggregate protein of peas is, on the other hand, utterly inade-
quate, and according to McColIum and vSimmonds its biologica!
value is very low.6^

In my own experiments^. *M, 7H, %*I when haricot hmns
were used as the sole source of protein in the diet, even the
approximate maintenance of body-weight was impossible.
McColIum, Simmonds, and PitzW also agree in forming a
very low estimate of the biological value of bean protein ;
the replacement of the protein in an adequate diet by only
I 9 # 8 % of bean protein already suffices to upset the nitro-
genous balance markedly. But a comparatively small
addition of casein makes good the defects of bean protein
in a marvellous manner. In later experiments, McColIum and
Simmonds 6s8 ascertained that bean protein and maize protein
are to some extent complementary, for one-third beans and
two-thirds maize will determine a moderate amount of growth,
which is, however, of brief duration, and is only half as exten-
sive as the growth brought about by milk protein. Boyd %t%t?
therefore takes a far too favourable view of bean protein when
he ascribes to it an efficiency 60 % that of meat protein.

Very remarkable is the discovery of Adkins,"** that the
germination of beans greatly promotes the digestibility of
the protein they contain ; but during the drying of the beam
this improved digestibility entirely disappears. Accordant in
the observation made by Johns and Finks,10** that the addition
of cystin to beans leads to no more than a trifling improvement
in the value of bean protein ; but that when the beans are
predigested, cystin is an adequate supplement to their protein.
Conflicting, however, with Adkins' observation is the further
point made by Johns and Finks, that the addition of cystin
renders the bean protein adequate even when the beans have
been boiled for a long time and subsequently rcdricd.

According to Osborne and Mendel,**5> w ihm phumdin
of beans is quite incompetent even to maintain the nitrogenous
balance of the animal body.

The same authorities inform us that the conglulin of
lupines is equally inadequate. Accordant with this is the
fact that, in Abderhalden's experiments^ lupines were
incompetent to maintain growth in rati.

The vignin of the fodder pea, which makes up the greater
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part of the protein of that pulse, is likewise quite inade-
quate ™s* 423 ; and, speaking generally, Osborne and Mendel 665
regard the protein of pulses as of an extremely low grade.
But there is no rule without exception. Two of the pulses?
have high-grade protein, the soy bean and ttxe earth-nut.

Experimenting on rats, Osborne and Mendel 6l3 were able
to secure normal growth in these animals by feeding them with
soy beans. Elsewhere 665 they agree with Daniels and
Nichols 659 in describing the soy bean as a source of high-grade
^protein suitable for human nutrition. Osborne and Mendel ai7
were also able to secure normal growth by using glycenin
isolated from the soy bean. Abderhalden, ^6 indeed, refers to
the soy bean as inadequate to promote growth in rats, but
the failure here may have been due to' some other cause than
protein insufficiency.

Daniels and Loughlin6Sl found that the aggregate protein
of the earth-nut (Arachis hypogaea) was of great value for
human nutrition. According to Johns and Finks,Il89 in the
case of white rats, the replacement of 15 % of the wheaten
flour in the food by earth-nut meal sufficed to secure nearly
normal growth; and when 25 % of earth-nut meal was used,
growth was entirely satisfactory. It follows that earth-nut
protein must have twice the biological value of wheat protein.
The result seems all the more remarkable seeing that arachin
and conarachin, two of the chief proteins of the earth-nut,
prove quite inadequate, whether given separately or in con-
junction, and that they cannot be rendered adequate by the
addition of cystin, tryptophan, prolin, alanin, leucin, valin,
or histidin. Sure suggests that the inadequacy of these
proteins may be due, not so much to the lack of this or that
tissue-building constituent, as to some inner chemical peculiar-
ities, somfc structural isomerism. We know of similar instances*
Two of the amino-acids are readily saponifiable in one combina-
tion, but in another combination are almost unsaponifiable.

Other adequate seed proteins are found in hemp seeds,
pumpkin seeds, cotton seeds, and certain nuts. Thus, Osborne
and Mendel report ai7 that hemp edestin is competent to
maintain growth iti rats. But its efficiency is only one half
that of lactalburnin,54i and is notably enhanced by the addition
of a small (ju^tity of cystin. 55°

4
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According to the same authorities, the globulin of
pumpkin seeds is a perfectly adequate growth factor.*25> w

Osborne and Mendel 493 were also able to maintain growth
in rats by using cotton seeds as the only source of protein, and
Richardson and Green SM report a similar success. According
to the last-named investigators,654 18 % of cottonseed meal in
the food suffices to promote growth; but if the proportion
be less than this, an arrest of growth occurs. They found,
however/48 that the rats' general power of resistance was
increased and that the animals reproduced their kind more
frequently when, in addition, 5 % of casein was given. Con-
formably with these results, it appears that the globulin of
cotton seeds, the chief protein of these, is an,adequate growth
factor.*35> 4*3

Nuts are often recommended as an admirable nutrient
(" vegetable meat "). The recommendation is confirmed by
the experiments of Cajori,1*66 who finds that (in rats) walnuts,
almonds, hazel nuts, and pine kernels are competent to promote
growth, development, reproduction, lactation, and the rearing
of the young. Osborne and Mendel 2*5,433 report that the
excelsin of Para nuts is an adequate nutrient. Johns, Finks,
and Paul8?* found that the globulin of the cocoanut was an
adequate growth factor in rats, and that cocoanuts were
almost completely sufficient as the sole source of protein in
human beings. Subsequently they ascertained that by the
addition of cocoanut, maize could be made an adequate food
for human beings. But the hickory nut appears to contain
only low-grade piroteins, for, if growth is to be maintained
on a diet of these, two-thirds of the protein must be substituted
by casein.1*66

I** Sugiura and Benedict,775 feeding white rats on bananas,
were unable to secure normal growth. When piire casein
and a little yeast or extract of carrots were added to the
bananas, normal growth took pl&^e and reproduction was
effected, but a normal milk could not be produced on this
diet. The effect of the casein does not depend upon a comple-
mentary effect upon the protein, for meat protein cannot take
its place. In a later series of experiments,98° the same
observers were able to confirm the adequating influence
of casein. Lewis,968 feeding guineapigs on bananas alone*
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found that the animals died in from twenty to thirty days
from failure of nutrition; when oats, "bran, milk, or casein,
and inorganic salts, were added to the bananas, the animals
throve. Anyone accustomed to the critical study of experi-
ments of this character will derive the impression that what
was wrong with the exclusive diet of bananas was not the
insufficiency of the banana protein, but some other defect;
perhaps there was not only a lack of calcium, but also a lack
of the complettin A. Bailey Asford I29 relates that indigens
convalescing from yellow fever, eat nothing but bananas,
consuming from thirty to forty of these fruits daily without
any supplement whatever, health and strength returning in a
marvellously short time. I have myself proved that, after
habituation to the strange diet, it is possible to live very well
on bananas and butter, with a much lower consumption of
protein than is requisite, for instance, upon a wheaten diet.

Feeding rats on potatoes, McCollum, Simmonds, and Par-
sons 777 found that growth was insufficient, even when the
potatoes were supplemented with butter and salt. They
estimate that the biological value of potato protein is only
about half that of cereal protein. But this report conflicts
sharply with the results of numerous experiments, lasting in
some instances for years, made on human beings by Rubner,
Thomas, Hindhede, and myself. These experiments showed
that potato protein was an adequate growth factor, and also
sufficed to ensure the maintenance of body-weight. In my
own experiments, the biological value of potato protein was,,
under certain conditions, even greater than that of meat
protein, and was surpassed only by that of milk protein and

protein. The discrepancy in the respective series of
observations is perhaps explicable by the inadequacy of the
supply of inorganic salts in McCollurn's experiments. It is
possible, also, thatjpotato protein has verjr different biological
values for different species of aixunajfe.

McClugage and Mendel,748 experimenting on dogs with
carrots and with spinach, found that the protein of both these
vegetables was quite inadequate. According to Bruntz and
Spillman,7^ when rats are put upon a diet of carrots, normal
growth can (My be secured by the addition of casein. «^'

It was mentioned above that conclusions as^to ti
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biological value of a protein determined by experiments upon
animals of one species are by no means necessarily applicable
to animals of another species. A striking illustration of the
need for caution in this respect is afforded by the varying
effect of yeast protein in human beings and in rats. Funk and
Macallum/64 in conformity with Osborne and Mendel,^7
report that yeast (supplemented with A in the form of butter)
supplies a protein which is a fully adequate growth factor in
rats, and also suffices to ensure the reproduction of these
animals. In human beings the result is different. Funk, this
time in collaboration with Lyle and McCaskey,5^7 found that
for thejtmman species the biological value of yeast protein is
very low. Wintz 53° had earlier come to the same conclusion,
finding^that human beings could only tolerate the replacement
of other proteins in the food by yeast protein up to an amount
of from 20 to 25 % ; beyond that, a loss of nitrogen from the
body began. Hawk, Smith, and Holder g7* likewise report
that in the human species the nutritive proteins can only he
substituted by yeast protein to the amount of from to to
30 %—to say nothing of the fact that only very small quanti-
ties of yeast can be administered to human beings without
disagreeable results; 4 grammes of yeast will induce
diarrhoea.

5. THE BIOLOGICAL VALUE OF THE ANIMAL PROTEINS.

Animal eggs resemble vegetable seeds in many respects,
especially as regards their inorganic constituents. In the
matter of the proteins, however, there must obviously be a
fundamental difference, above all when animal eggs ;tre
compared with the seeds of cereals. Whereas the latter are
quite incompetent to function as adequate growth factors in
animals, the animal egg must perforce contain everything
essential to the development of the growing animal embryo,
Consequently, egg protein (as the sole source of protein)
completely suffices for the needs of growing animals—rats,
for instance.425 Even in very small quantities, it can fully
compensate the deficiencies of maize 393 or wheat.*7J But the
remarkable thing is, that both the chief proteins of the bird's
egg sxe adequate in this respect. Osborne and Mendel **5. «*l
have proved it as regards viieUin; according to Hart and
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McCoUum,4<>9 and also according to Osborne and Mendel,349
trifling amounts of egg-yolk can render maize an adequate
nutrient. This power is mainly dependent on the abundance
of fysin and tryptophan in the yolk, but the cystin of the
yolk must likewise play an important part. Osborne and
Mendel 217> *2S> 423 also confirm the adequacy of ovalbumin,
which is competent to ensure normal growth, and can in
addition make good the deficiency of maize protein,45° although
not quite so well as casein 568 (which is richer than ovalbumin
in lysin and tryptophan), Maignon's observation 6^* II28 that
rats, Myers and Voegtlin's observation 9ZI that rats, and Maig-
non's observation 743 that dogs, cannot live on an exclusive
diet of white of egg, does not conflict with the foregoing, for
the speedy death of animals in such extremely one-sided
nutritive experiments is not due to protein insufficiency, but
to a general lack of other nutrients, and especially of inorganic
bases.

Blooi protein, like egg protein, is an adequate nutrient.
Comparatively small quantities of it suffice to make maize
competent to sustain growth in the pig.346 According to
Hogan 568 its value largely depends on lysin and tryptophan,
but also to some extent on cystin. Blood-serum, in especial,
is so rich in cystin, that when casein (already fairly rich in
cystin) is used as the soured of protein in feeding dogs, a trifling
addition of blood-serum to the diet leads to a distinct improve-
ment in growth.Il83 On the other hand, Maignon 6& finds that
fibrin is quite unsuitable as an exclusive nutrient for white
rats, and that this diet soon leads to the death of the animals
under experiment; but I have frequently pointed out that,
since the aim of Maignon's experiments was to show that the
animal organism needs other nutrients in addition to protein,
and that an exclusive diet of protein is poisonous, his experi-
ments do not really tell us anything as to the respective
qualities of the proteins with which he experimented.

The rapidity of growth in mammals during the period
which immediately follows birth, suffices to prove that milk
contains an adequate protein, and indeed one of extraordinarily
high nutritive value. The quantities of this protein required
in the food are marvellously small McCollum and Davis 4*5
found that 3 % of milk protein (from cow's milk) in the*food
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sufficed to maintain body-weight in rats. An increase of the
percentage of milk protein in the diet was attended by a
proportional increase in the rate of growth, until a protein
content of 8 % was reached; an increase of the percentage
beyond this figure had no further influence on the rate of
growth. Owing to the presence of this high-grade protein
in milk, it is possible to make proteins, that are otherwise
quite unsatisfactory, perfectly adequate by the addition of
small quantities of milk to the diet. Thus, McCollum and
his collaborators,^, 9°°> IJ43 feeding pigs on an exclusive diet
of maize, found that the replacement of io % of the aggregate
protein in the food by milk protein resulted in growth becoming
fairly satisfactory. When the substitution amounted to
30 %, growth was perfectly normal. Sherman I05* obtained
similar results in human beings ; when adults are being given
an exclusive diet of wheat, maize, or oats, the replacement
of onfy 10 % of the aggregate protein by milk protein suffices
to restore normal nutritive conditions. Like observations
have been made by others experimenting with wheaten diet 873
and banana diet.968 BoydIl87 gives the relative biological
values of cow's milk protein and meat protein as 96-5 :100;
in my own experience, milk protein has a decidedly higher
biological value than meat protein, both in adult and in younj
subjects. Edelstein and Langstein,^ experimenting 01
children, found the following relative values : cow's milk
casein, 73 ; cow's milk lactalbumin, 82 ; aggregate cow's milkl
proteins, 73 ; aggregate human milk proteins, 88. Fiirthi
and Nobel J3°7 likewise found human milk proteins markedly
superior to cow's milk proteins; the former contain so much
cystin and tryptophan that human milk, though its richness
in total proteins is lower than that of cow's milk, contains
more of these amino-acids than cow's milk. It must not,
however, be forgotten that full milk contains in addition to
proteins a number of other bodies competent (even when
administered in very small quantities) to exercise a powerful
influence in promoting growth. Hopkins,*0* for instance,
experimenting on young rats, found that weight could not
even be maintained in these animals on a diet of casein, fat,
carbohydrates, and salts; but the addition of very small
quantities of milk (increasing the amount of dried matter in
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the diet by only 4 %) sufficed to ensure normal growth. We
may suppose that the chief cause of the improvement was
that the milk provided complettins, and especially A, that
were previously lacking in the diet. This is striking proof
that even a high-grade protein cannot sustain life in the
absence of a sufficient supply of complettins.

S«me earlier experiments on rats made by Osborne and
Mendel 217> ^s> 4*3 conflict with the foregoing, for casein
without the special addition of complettins sufficed to bring
about satisfactory development. But, in the first place,
^the duration of the experiments was only 30 days, and this
period is too short to permit of valid conclusions being drawn;
and, in the second place, there is some ground for assuming
that Mendel was using casein as ordinarily manufactured,
i.e. an impure casein containing fairly large amounts of A.
At any rate, Lewis, Cox, and Simpson Il83 found that in dogs,
when a really pure casein was used, the results confirmed
Hopkins' observations on rats. Maignon's failure to secure
satisfactory results by the use of casein as an exclusive diet
in rats 64* and dogs 743, 941, «*8 {Sf a s previously mentioned,
explicable on grounds which have nothing to do with the
biological value of the protein.

An additional proof that casein is a very high-grade protein
is furnished by the fact that proteins otherwise inadequate
may be made adequate by the addition of casein, sometimes in
very small quantities. This has been demonstrated by experi-
ments with gliadin,349 maize,409, 568* 578* 6l3, *>55* 658 wheat,579
beans,636 carrots,784 and oats 736; but, as regards oats, see
also 6*5. According to Hogan, where maize is concerned,
the addition of casein is more effective than that of white
of egg. Even in the case of so high-grade a protein as cotton-
seed protein, Richardson and Green 648 noted an improve-
ment through the addition of casein, insomuch as the animals
under experiment acquired a higher power of resistance, and
their mortality was lessened. In the case of bananas,775»
968, 980 too, the addition of casein to the diet was followed
by marked improvement; but here a considerable part of
the effect must be ascribed to the complettin A, which is
always present in casein as ordinarily manufactured, and to
some extent perhaps to the calcium in the casein. According
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to Osborne and Mendel,1082 however, the biological value of
casein is only two-thirds that of lactalbumin.

In their earlier experiments on rats, Osborne and
Mendel 217» 5̂» 433 found lactalbumin to be an especially high-
grade protein. According to Emmet and Luros,879 protein-free
milk plus lactose plus 10 % of lactalbumin comprise an
adequate diet, guaranteeing normal growth. But the two
observers last named are mistaken in regarding the lactose
in the protein-free milk as the growth, factor. Doubtless the
addition of carbohydrates is very important; but Osborne's
researches have shown that the effective factors in protein-free
milk are, over and above the complettins, chiefly the salts,
and more especially the overplus of alkali in these. I n a
subsequent paper,898 Emmet and Luros state that the biological
value of lactalbumin is not impaired by drying or by pro-
longed heating, even under 15 pounds' pressure. According
to Osborne and Mendel, 541 10 parts of lactalbumin will further
growth as efficiently as 15 parts of casein or 19 parts of edestin ;
and in various other reports,55°, 6l3> 877, ̂ 2 they emphasise
the superiority of lactalbumin to casein. Subsequent researches
by Sure I264 have, however, shown that the remarkably favour-
able results of Osbome's experiments must be in part ascribed
to errors in the quality of the supplementary extracts he
employed (the nitrogen content and the sulphur content of
these). Exact experiment showed that chemically pure
lactalbumin, though rich in lysin 349 and extraordinarily rich
in tryptophan,I3»7 is poor in cystin and to some extent also
in tyrosin. Osborne's protein-free milk contained 0*2 % of
sulphur, chiefly in the form of cystin, and also (with an aggre-
gate nitrogen content of only 0-6 %) considerable quantities
of tyrosin, whereby the lactalbumin was supplemented.
Without protein-free milk, 18 % of lactalbumin in the diet
produced only poor growth; whereas a food containing no
more than 12 % of lactalbumin supplemented by only 0-12 %
of cystin ensured normal growth. When the amount of
lactalbumin in the food was reduced to 9 %, the addition of
cystin did not suffice to make growth satisfactory; but a
further addition of o-6 % of tyrosin made the diet adequate
in this respect. These observations throw a new light on the
significance of Osborne's protein-free milk, and furnish addi-
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tional evidence as to the extreme difficulty of providing
unimpeachable conditions in these experiments.

The experience of the war has abundantly shown that
within wide limits the composition of milk is independent of
the food supply. As long as the requisite tissue-building
constituents are present in the maternal organism, the mother
continues to produce milk of a definite composition. This
applies not only to proteins, fats, and carbohydrates, but also
to complettins and inorganic salts. When the supply of
any tissue-building constituent is inadequate, the quantity
of the milk falls off, but its composition is unaffected. Of
course this statement is true only so long as the maternal
organism can provide the requisite materials, and, more espec-
ially, so long as no pathological changes have occurred in
the mother's organs. The lacteal glands have no more power
to synthetise arnino-acids than have the other animal organs.
McCollum and SimmondsI0*6 expressly declare that if only
one tissue-building constituent is entirely lacking, the secre-
tion of milk is arrested. Through illness, however, and in
the human species through the inheritance of morbid predis-
position, the lacteal glands may be so modified that even
when the diet is the best possible their secretion may be
wanting, or they may furnish milk of abnormal composition.

F#r a very l#ng time, mi*b has been regarded as the best
source of protein, and it is universally known that for human
beings meat protein is perfectly adequate.337 According to
Osborne and Mendel,663 this is true even when the meat has
been boiled and subsequently dried after expression of the
juices ; and Maignon 744 finds that the virtues of meat protein
are unimpaired when the meat has been boiled and then
extracted with alcohol and ether. The other animal organs,
such as pig's liver,663 pig's heart, or ox's h e a r t y are adequate
gr#wth factors, and so is fresh or preserved fish,?r3,690 Never-
theless, Lewis 653 finds that the value even of meat protein
can be greatly enhanced by the addition of small quantities
of cystin. It should, morover, be mentioned that my own
experiments, as also those of P e z a r d ^ and Kraft,IO39 show
that meat protein does not suffice even to maintain nitrogenotis
equilibrium unless the diet contains inorganic salts in definite
quantities and proportions. This has, indeed, long been
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known. If a dog be fed on meat from which the juices have
I been expressed, emaciation ensues after a time, toxic symptoms
I set in, death speedily follows, and post-mortem examination
* shows in the skeleton the changes characteristic of osteomalacia
]Or osteoporosis. Carnivorous animals living in a state of
nature ensure a supply of inorganic bases by drinking the
blood of their victims and devouring the bones and the
cartilages as well as the flesh. It also appears that wild
carnivora consume at times considerable quantities of fruits,
leaves, and buds; they do this especially in the autumn,
whereas in the spring they live almost exclusively on animal food.

Boyd regards meat protein as the most valuable of all
forms of protein,Il87 but this cannot be accepted as a positive
fact as regards the protein of individual muscles, only as
regards the aggregate protein of an animal body used as food.
Abderhalden 45* learned this in his experiments on rats. My
own researches show that the aggregate protein of eggs, that
of cow's milk, and to some extent that also of potatoes, are
more efficiently utilised than meat protein. In these experi-
ments, however, the meat was given with an excess of acids.
In some hitherto unpublished experiments made by Rose,
in which care was taken to supply an adequate excess of
alkalies, meat protein was found to have a value approxi-
mately equal to that of milk protein.

It has long been known that the biological value of
gelatin is low. The older experiments that proved this have
been confirmed by the comparatively recent work of Osborne
and Mendel,**5> 4*3 Totani,600 and Lecoq.IO75> 1076 Gelatin is
poor in cystin, and therefore can be used to supplement proteins
that are rich in cystin, or at least contain a fair quantity of that
substance, such as maize protein 598 or arachin.x*53 But gelatin
is rich in lysin, and therefore very moderate quantities of gelatin
enable it to supplement proteins that are inadequate because
they contain too little lysin (such as wheat protein and oat pro-
tein), thus converting them into adequate nutrients.598, &$, 736

6. THE CONDITIONS REQUISITE FOR THE FULL EFFICIENCY
OF THE VARIOUS KLNDS OF PROTEIN.

A protein is not rendered adequate merely because all
the requisite amino-acids are present in it in sufficient quanti-
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ties. Attention has already been drawn to the part that
must be played by the mode of combination of the individual
tissue-building constituents. Fischer and Abderhalden showed
some time ago that alanyl-glycin can be split up by
tiypsin, whereas glycyl-alanin cannot be decomposed by
ferments. Some such peculiarity of composition may explain
why arachin is so utterly inadequate a protein, although
analysis would seem to suggest that this substance ought to
be of high biological value. Similar conditions must account
for the very inadequate way in which zein can be utilised by
rats, even when it is supplemented by the addition of the
lacking tissue-building constituents, whereas zein can be
efficiently utilised after preliminary hydrolysis.600 Like
considerations must explain why freshly germinated beans
are better digested than dried beans I I 6 6; why phaseolin cannot
be efficiently supplemented by cystin unless the phaseolin
has first undergone a tryptic digestion or has been boiled and
then redried IO94; why a mixture of equal parts of soy bean,
wheat, wheaten bran, sunflower seeds, hemp seeds, and rye
meal (a mixture which is perfectly adequate in the crude
state), proves conspicuously inadequate after it has been
made into a paste with water and then baked.877 In such
cases, therefore, the student of nutrition must have an eye
to these details. ;

It is likewise necessary to point out that (in accordance
with the law of the minimum) when there is a lack of complettin,
even the highest-grade albumin will be incompetent to promote
satisfactory development ™w* J*64 There is no means of ascer-
taining the requirements of the organism as regards any
particular constituent, unless in respect of every other condition
the diet is all that can be desired.^, 664

On the other hand, in experiments on nutrition, it would
be a mistake to supply any constituent of the diet in quantities
exceeding the optimal amount. There are two objections;*
first of all, this needlessly overloads the organism; a&d J
secondly, it increases the minimal requirement of other!
constituents. The diet must contain a sufficiency of all necesJf
sary ingredients, but there must be no notable excess of any.
For example, in experiments upon the effects of complettins,
it would be a mistake to give an excess of protein in order to
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ensure that the results shall not be invalidated by protein
deficiency. Inasmuch, however, as the biological value of
the different proteins varies enormously, and the minimal
requirement of protein will vary in accordance with the nature
of the supply,836, 837, Io67, i*88 in such experiments the most
sedulous attention must be paid to the biological value of
the proteins supplied in the food. Of course the best way is
to have a preliminary series of control experiments in order
to ascertain the quantities of proteins that are necessary, or
the nature and amount of the requisite supplements.

The investigator must also bear in mind that the protein
requirements vary at different ages. In adult animals and
human beings, it suffices to give quantities of protein competent
to maintain the body-weight throughout experiments of
considerable duration. During growth, however, very different
conditions prevail.*^* 423, 425 At this time of life, besides the
quantity of protein needed to maintain body-weight, there
must be given enough protein to ensure that development
and growth shall proceed at least as fast as if the animal
were free to choose its own food from an unrestricted supply.
The first requisite, then, is a thorough knowledge of the normal
development of the experimental animal under the most
favourable conditions, and this presupposes abundant statistics,
such as Robertson and Ray 483> 484 have supplied in exemplary
fashion in the case of the white rat. Next, there must be
an increase in the protein supply sufficient to provide for the
increase in the tissues. The requisite increase, again, varies
at different periods of growth, and may at times be very large.
In my own experiments^^ I found that the protein require-
ment of the growing youth exceeded that of the adult male
by from 50 to 80 % ; Benedict,993 Holt,IXI7 and others record
similar results. In young persons from 13 to 19, during the
holidays, the protein requirement is almost twicer as great
as that of adults.

In the earlier studies we are usually informed that the
basic turnover is lower in women than in men. To-day we
know this assumption to be untenable. At times, owing to
the catamenial losses, a woman needs more than a man, of
equal weight and doing the same amount of work, to maintain
bodify equilibrium. It will readily be understood that the



BIOLOGICAL VALUE OF VARIOUS PROTEINS 61

minimal requirement will rise considerably when reproduction
and the rearing of offspring have to be provided for in addition
to self-maintenance.995, I05* During the present chapter we
have repeatedly learned that a protein may be adequate for
the maintenance of body-weight, but inadequate for the
needs of reproduction and rearing.

As regards human beings, as early as 1913 I pointed out
that, when the conditions are in other respects optimal, the
amount of protein requisite to maintain body-weight is far
smaller than has hitherto been supposed. American investi-
gators have confirmed this contention when their experiments
have JDeen carefully designed. Boyd,Il87 for instance, giving
meat as the source of protein, estimates the minimal daily
amount of protein requisite to maintain body-weight at
30 grammes; whereas in my own experiments, under more
accurately adjusted conditions, the requirement was^^grajmnes
of meat protein; and Rose, providing a better supply of
alkalies, found the meat protein minimum to be 24 grammes.
Sherman, I05* in a critique of all previously published results,
and after conscientiously making allowance for all accessory
factors bearing on the various experiments, came to the
conclusion that the protein requirement in a person weighing
70 kilogrammes averaged 40-6 grammes (ranging from 30
grammes to 50 grammes) ; being 0*58 grammes of protein
per kilogramme of body-weight. In another communication,^
this observer declares that from 35 to 45 grammes of protein
daily (0-5 to 0*6 grammes per kilogramme of body-weight)
are quite sufficient to maintain weight in a healthy human
being weighing 70 kilogrammes, even though the proteins be
not carefully selected, nor of a specially high grade. A supply
equivalent to 1 gramme of protein per kilogramme of body-
weight, when a mixed diet is taken (i.e. when there is no
careful selection of particular nutrients), provides a margin
of safety of from 50 to 100 %. For growth and reproduction!
larger quantities are, of course, requisite, and it is also desir-!
able in that case that the proteins should be of high
biological value.



CHAPTER THREE

THE IMPORTANCE OF INORGANIC SUBSTANCES.

i . THE SUPPLY OF A SUFFICIENCY OF NUTRITIVE
SALTS.

I N German scientific circles, the term " nutritive salt" is
in bad odour ; its mere presence in a scientific essay suffices
to discredit the work. Nor was this attitude entirely un-
founded, at one time. The importance of the proteins and
of the supply of energy was so conspicuous to all students
of human dietetics, that the importance of inorganic salts to
nutrition was entirely overlooked by scientific observers.
All the more, therefore, did these salts win the favour of the
laity and of quack-doctors ; they were regarded as a panacea,
recommended indiscriminately for the relief of all troubles,
from heartburn to cancer and consumption, so that nutritive
salt preparations sprouted in the market like mushrooms
after rain. We may question, however, whether the medical
profession was well advised when, in the hope of checking
the evil, it tabooed all reference to the problem. Beyond
question the wiser course would have been to ask what fire
there was behind so much smoke. The result of the taboo
was that as recently as ten years ago not a single complete
and accurate analysis had been made of the inorganic constitu-
ents of any organ in man or the lower animals, of »any of the
bodily juices, or of any of the excretions. Quite an outcry
was raised when at that date I ventured to maintain as much,
and it is but a melancholy consolation that last year the fact
was fully confirmed by the Experimental Stations Office in
the United States. Characteristic of the situation is it that
(with the exception of Rose's fundamental investigations
concerning the calcium requirement of human beings, which

62
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were supplemented by the work of Emmerich and Loew)
all the research in this field was undertaken by students of
animal physiology, whereas specialists in human medicine
held aloof.

In excuse it may be mentioned that even when physicians
did occupy themselves with the problem (as Heinrich Lahmann,
for instance, endeavoured to do), no satisfactory results were
obtained. Trustworthy data could not possibly be provided
by the analytical methods then available, in experimental
stations and experimental laboratories, for the inorganic
constituents of food and the organs of the body. More precise
methods of analysis had to be elaborated before such researches
offerSd any hope of success.

Naturally, therefore, the first studies of the complettins
were all affected for the worse by our ignorance of these
matters. Such skilful experimenters as Osborne and Mendel,
or in Germany Rohmann, were entitled to congratulate
themselves when the animals under observation (rats) could
be kept alive 80 days on an artificial diet. Even in Koch-
mann's and Fingerling's researches, this ignorance had a
very disturbing effect, and largely obscured the results.
Rohmann tried numerous mixtures of inorganic salts before
he at length secured a fairly satisfactory outcome. 4*, 7* The
successful mixture is of historic interest, and its composition
therefore worth recording here. It consisted of: tricalcium
jghosphate, 19 . graxomes; bipotassimn,^phosphate, 37 g, ;
sodium chloride, 20 g.; sodium citrate, 8g. ; calcium lactate,
{Tg7; irori'"Uffate, 2 g. The investigator who was able
empirically, out of numerous failures, to arrive at such a
mixture, must have been sagacious, and must have had the
benefit of wide experience. It is especially significant that
the mixture contains an excess of bases, this excess amounting
to 130*2 milligramme-equivalents in every 100 grammes of
the mixture of salts, thus fulfilling what I have from the
first regarded as an essential requirement of a properly arranged
diet. Nevertheless, the mixture has grave faults. I t is
overldtded with phosphates and sodium chloride, and the
ratio betjveen potassium and sodium is only 0-64 to 1 instead
of about 3 to 1. The ratio of calcium to magnesium is likewise
far too low, being only 0 -67 to 1 instead of 5—7 to 1. Further-
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more, the composition of Rohmann's mixture of salts shares
the defects of almost all the mixtures hitherto recorded:
it is completely lacking in manganese, zinc, and soluble
silicates.

Osborne and Mendel J5° have shown that Rohmann's
mixture is far from perfect. Their successes with a milk
diet led them to use protein-free milk as the provider of
inorganic salts. The milk having been acidulated with
hydrochloric acid until all the protein had been precipitated,
was then warmed and filtered, the clear filtrate being subse-
quently neutralised with soda solution. In ioo grammes of
dry substance, this preparation contains: Ca, i ^92; Mg,
0-20; Na, 2-18; K, 2-82; P04, 3-52; Cl, 4-44; SO4/o-27.
Hence 100 grammes of inorganic substances contain 934-2
niilligramme-equivalents. In respect of excess of bases, as
regards the ratio of potassium to sodium (1-52 to 1), and as
regards the ratio of calcium to magnesium (5-9 to 1), there
has been great improvement. The method of analysis was,
however, faulty. This is manifest at the first glance, for
100 grammes of the preparation gave only 15-02 g. of " ash,"
whereas the enumeration of the ions gives 15-35 g. Further-
more, no determination was made of the other inorganic
constituents of the milk: iron, manganese, zinc, aluminium,
and silicic acid. This is a typical instance of the defects of
the analytical methods hitherto employed.

In view of Osborne and Mendel's results, it is interesting
to recall that Heinrich Lahmann made the ash of cow's milk
the basis of his speculations concerning the inorganic salts
required by human beings, and that he was overwhelmed
with derision, mockery, and vituperation by his fellow-
countrymen for his pioneer attempt to solve the problem.
Instead of following up the line of research indicated by
Lahmaim, people made fun of him for " proposing to nourish
adults as if they were infants-in-arms." The fiistory of
science shows many strange aberrations!

The chief defect attributable to this first attempt is that
in the work of Osborne and Mendel, and especially in that
of Lahmann, the excess of bases in the milk was greatly
underestimated. In both cases alike, and more particularly
in tBe analyses taken by Lahmann from the literature of the
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subject, the analytical technique was faulty, so that the
quantity of alkalies was stated at too low a figure, and the
presence of iron, manganese, aluminium, zinc, and perhaps
copper, was overlooked. Furthermore, there was a theoretical
error in Lahmann's assumption which escaped all his oppo-
nents, though some of them were on the verge of detecting
it. Natural milk contains acid-rich proteins, and unless these
proteins are fully utilised by the body (as they are in the
suckling undergoing normal growth) the total surplus of
bases in the milk is not placed at the disposal of the organism
—as it was in the American experiments with protein—free
milk. If the bodily requirement of protein is less than the
amoiJnt of protein supplied in the food, then the acids in the
surplus protein will neutralise the excess of alkalies in the
protein-free milk. In actual fact, it appeared in my own
experiments 319 that when only so much milk was given as
would satisfy the bodily requirement of protein, the excess
of alkalies in the cow's milk did not suffice either for the growing
youth or for the adult human being. In like manner, Lyman
and Raymund,9fo experimenting on rabbits (which are very
sensitive to acids), found that on a diet of cow's milk the
animals perished of acidosis; but when sodium citrate was
added to the food, the acidosis disappeared and the urine
contained less ammonia; even when ammonium lactate was
given, instead of sodium citrate, the acidosis disappeared,
and the urinary ammonia was reduced although an ammonium
salt was being administered.

Following in Lahmann's footsteps, McCollum used the
ash of cow's milk for the supply of the necessary salts, but
had to give very large quantities in order to secure tolerably
good results. Subsequently, instead of cow's milk ash, he
used an artificial mixture of salts, which was somewhat
better, but still contained too little alkali, and also had the same
defects as Osborne and Mendel's mixture. Moreover, the experi-
ments of McCollum and his collaborators were too brief, and
were therefore less satisfactory than those of Osborne's school.

In later experiments, Osborne used a purely artificial
mixture of salts, for too many sources of error were introduced
by the presence of organic substances in the protein-free
milk. This mixture had additional merits ; and sindfe it

5
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appears to be the best yet employed, its composition may be
given: calcium carbonate, 134-8; magnesium carbonate,
24*2 ; sodium carbonate (dried), 34*2; potassium carbonate,
141-3 ; H3PO4, 103-2 ; HC1, 53*4 ; H2S04, 9-2 ; citric acid
(crystals), i r i - i ; iron citrate (crystals), 6-34; potassium
iodide, 0*02; manganese sulphate, 0-079; sodium fluoride,
0*248; potash alum, 0-0245. Here the ratio of sodium to
potassium has been improved, being now 3-2 to 1 ; and the
new mixture contains iron, manganese, aluminium, iodine,
and fluorine. The ratio of calcium to magnesium is less
favourable than it was in the earlier mixture, but this is a
minor defect in view of the other improvements ; and although
the excess of alkali is reduced to about a third of whaf was
formerly present, a larger dosage with the mixture of salts
will to some extent compensate the deficiency. Two additional
errors must be mentioned: there is far too little manganese
(the quantity might well be multiplied by a hundred) ; and
silicic acid is not represented. If these defects were remedied,
if the quantity of magnesium were somewhat reduced, and
the proportion of phosphoric acid lowered by a third, I should
consider the mixture thoroughly abreast of modern knowledge
of the bodily requirements of inorganic constituents.

None the less, the biological value of this nutritive mixture
may at times be improved by certain modifications, as by the
addition of bases that are inadequately represented in a
natural diet—and especially when the addition changes an
excess of acid in the food into an excess of alkali. Thus Hart,
Halpin, and McCollum,612 feeding chickens on maize, Hogan,634
feeding rats on maize, and Daniels and Nichols,659 feeding
rats on soy beans, were able to ensure adequate growth by
the simple addition of potassium carbonate. As a rule,
l^owever, seeds of various kinds must be supplemented by the
Mrther addition of sodium and calcium 645* 68a> *9X# 739; and
we have similar reports regarding potatoes,777 carrots,784
and bananas.968 Even milk is well known to be adequate
in respect of inorganic constituent^ only for the earliest period
of life; but for adults it is rendered adequate by the addition
of a little iron. In niy own experience, however, as far as
adults are concerned, the richness of milk in protein makes
the Excess of alkali in this food ijiadequate.
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In particular cases, special factors come into play to
modify the requirement for inorganic constituents. Especially
interesting in this connexion is the fact that cottonseed meal
manifestly contains a toxic substance which makes it quite
unsuitable as an exclusive diet, but that this toxic substance
is rendered harmless by the addition of inorganic iron salts
to the food.66*

2. THE IMPORTANCE OF INDIVIDUAL INORGANIC
SUBSTANCES.

There is still a great gap in our knowledge of the part
played by inorganic substances in metabolism and in animal
physiology generally. In addition to the inorganic substances
mentioned in the previous section, there are certain others,
present more or less regularly but in far smaller quantities,
whose importance still remains obscure. Any investigator
who would bestir himself to throw light on the matter, would
certainly do good service. Some substances, such as the
rarer metals occasionally met with in various organs, may
be excluded from consideration as of no importance. But in
the case of any substance whose presence in the body is
invariable, two conflicting interpretations of its presence are
possible. We may be concerned with an element universally
present in nature, though in very small quantities ; and we
may suppose that traces of this element are inevitably intro-
duced into the body day by day with drinking water or with
food, and especially with vegetable food. Not until a certain
accumulation of such an element has occurred within the
body will the excretory organs take note of it and proceed to
eliminate it from the system. But the problem that arises
is, whether such a substance (though present only in the
minutest traces) is nevertheless essential to life and wellbein§;
or whether it is merely a passenger, an ingredient whose entry
is unavoidable but quite unimportant—unless, indeed, it
prove harmful to the organism when the quantity exceeds
a certain minimum. Of especial importance is this question
as regards zinc, copper, and arsenic, which are always present,
and even* in notable quantities. Although zinc is found in
comparatively large quantities, the demonstration th^t it
has positive biological importance would be a new and sur-
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prising fact; but we have more inclination to suppose
copper and arsenic may exert a stimulating influence
is of moment to life.

Although a mixture of inorganic salts containing no sol
silicates, and perhaps no zinc, copper, or arsenic, may
satisfactory results in dietetic experiments, we must
infer that the substances named are not essential to
Even in the most carefully purified diet, traces of them :
be present as impurities of the organic constituents. If i
have not hitherto been detected, the failure to find them i
perhaps be accounted for, not by their absence, but by
inadequacy of the analytical technique. Soluble silicate
especial, are often present where least suspected. It m
moreover, be remembered that the substances in question
present in the body in very minute quantities, which may gn
ally accumulate out of almost infinitesimal supplies in the f<

Earlier physiologists would have flatly denied that s
homeopathic doses of any substance could possibly he
vital importance. To-day we have learned caution, since
have, for example, in iodine a substance minute traces
which can exercise an extremely potent influence upon In
tissue. Furthermore, the study of the complettins has hmw
quite a number of similar instances to light. Strictly sc
tific investigation can alone justify a decision upon s
matters ; we must not jump to conclusions under the spu
mere feeling. The rejection of possibilities without
examination has already wrought sufficient havoc both
biology and in medicine.

Aron and Gralka *3^ have recently recorded the comp
tion of a mixture of salts used by Aron in dietetic experimt*!
The mixture is a good one in two respects: the excess
alkali amounts to 743-1 milligramme equivalents in
grammes of inorganic ions; and the ratio between calci
and magnesium is 4-8 to x. In other respects, howai
Aron's mixture marks a step backward, for the ratio of po1
sium to sodium is only 0-8 to 1 ; and the mixture contii
neither manganese, aluminium (zinc), iodine, fluorine,
silicic acid. The reader may be inclined to think that I
overdressing these criticisms. We must, however, pcrpettu
bear in mind that the law of the minimum is fully applica
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to all the substances named. Should any one of them be
lacking, a perfectly normal development is impossible. Inas-
much, moreover, as inorganic substances enter into important
reciprocal relationships (predominantly during excretion, but
also during the synthesis of organic substances), we are
concerned with a qualitative as well as with a quantitative
minimum. When, for example, a substance is being given
in quantities that are adequate per se, but another substance
is being also given that antagonises the former, the quantity
of this is thereby rendered inadequate.

At an early stage of the investigation, this was recognised
by R6hmann,4*, 7* and also by Osborne and Mendel.^o In
anotfier paper,225 the last-named insist that for regular develop-
ment something more is essential than a minimum of the
inorganic constituents of a diet; if development is to be
normal, these mineral constituents must likewise be present
in the proper ratios one to another. Elsewhere,I224 Osborne
has recently insisted that our interest in the problem of the
complettins must not lead us into the old mistake of forgetting
other important factors. He says that the need for the proper
supply of inorganic constituents must on no account be over-^
looked, and he draws particular attention to the deficiency!
of calcium and iron in many common foodstuffs. Lecoq IO47|
also insists that the quality of nutrition is not solely deter-1
mined by the amount and nature of protein, complettins,
and the supply of energy, but that inorganic constituents
must be provided in sufficient quantity and in the proper
mutual proportions. Scala *m reproaches physiologists who
are experimenting as to the causation of deficiency diseases
with uncritically referring all the manifestations to the
account of the complettins, and with forgetting that the
organic extracts they use in their experiments contain m
addition comparatively large quantities of inorganic sub-
stances which likewise exercise a powerful influence. Above
all we have to remember that when an extract is made from
uncoagulated material, chiefly the bases pass into solution ;
whereas when the extract is made from material in which
the protein has been coagulated by heat, acids predominate
in the solution. This fact may in part explain the reported
behaviour of the thermolabile complettins.
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Reference may be made to the researches of Foi
Halverson, and Schulz1188 as examples of the importanc
the proper choice of a salt. It is well known that pigs
on an exclusive grain diet do not develop properly. Since
animals ultimately become affected with osteoporosis,
failure of development has been referred to the dcficienc;
calcium in the food. If, however, i>rcpared bone ash
chief ingredient of which is bicalcium phosphate—a third-]
acid salt) be added to the food, not merely does this fai
induce improvement, but it actually makes the disease we
On the other hand, calcium carbonate, which function*
the animal organism as an alkali, completely cures^
trouble. The main cause of the disorder, and perhaps
sole cause, is, in fact, the acidosis evoked by the food,
not a deficiency of calcium, for the bicalcium phospli
reduces the alkaline reserve of the blood by 15 %, whei
an equal quantity of calcium carbonate increases the alka
reserve by 10 %.

3. THE IMPORTANCE OF AN EXCESS OF ALKALINE

SUBSTANCES.

American investigators have recently drawn attention
the need, in this matter of the inorganic ingredients in
food supply, that we should distinguish on principle betw«
seeds and leaves.636» 658 Leaves contain an excess of inorga
bases, whereas seeds contain an excess of inorganic ac
formers.8* w, 5°7> 5*4,578, *»• W, *>*$, *58> *>$% 68j. *%** &)** 7^ 7#,
956 They have overlooked the fact that in my tables 1^* *
I found it possible to divide all foodstuffs into two classes
accordance with this principle : excess of acid is character^
of all animal organs and every kind of muscular tissue, and
fats, eggs, seeds, and buds; whereas roots and tubers, sta
and leaves (" vegetables "), bulbs and fruits, are charactcri*
by excess of alkali—cranberries being a notable exception.
is therefore always possible, without monotony, to choose
diet containing an excess of alkali. We need merely rr
the acid and the alkaline nutriments in due proportions.

Of course this rule must not be applied too rigidly. F
instance, the study of Lecksucht [variously known in Engli
as " the lick," " pica/' " wool-eating," etc.] in domesticat
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animals has shown that grasses, etc., which are ordinarily
rich in alkalies may in an unfavourable soil (such as moorland
deficient in lime and potassium) acquire an acid reaction,
and that animals which feed upon such pasture become seri-
ously ill. In like manner, cultivated plants, when too
exclusively manured with nitrogenous fertilisers, and above
all when treated with liquid manure poor in alkalies (Berg 3oS>
etc.; Liechti and Truninger,282 ; Liechti and Ritter I333) or
with ammonium sulphate, exhibit deficient alkalinity, and
may become positively acid.

No doubt the same rule applies to animals as to plants:
Natyre has once for all prescribed an optimum composition,
which cannot be improved upon though it can be changed
for the worse. In the previous chapter, stress was laid upon
the observation that, while the composition of the maternal
diet certainly has a notable influence upon the quantity of
milk produced by a nursing mother, the quality of the milk,
i.e. the amount of organic nutrients it contains and the compo-
sition of these, is substantially independent of the mother's
diet—so long as milk is secreted at all and the mammary
glands remain healthy. These glands exhibit great energy
in extracting the requisite materials from the maternal organ-
ism, and the source of milk does not dry up so long as the
materials for the manufacture of the secretion are forth-
coming. Rose 69> 7° has proved this also in the case of the
inorganic constituents of the milk, especially as regards
calcium in goat's milk. McCollum and Simmonds I0*6 likewise
draw special attention to the fact.

When, however, noxious influences are at work for a very
long time, they ultimately affect even the lacteal secretion.
Hess, Unger, and Supple J33* found that when cows were
stall-fed for a considerable period upon fodder poor in
calcium, the aggregate ash in the milk was somewhat dimin-
ished ; the reduction was especially marked in calcium and
phosphorus, but the sulphur was somewhat increased. This
change is parallel to that which occurs in plants when an
acid grass is produced in a soil rich in nitrogen but poor in
inorganic constituents generally. The question certainly
arises (and it is one which the experiments leave entirely
unanswered), whether such protracted deficiency of inorganic
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nutrients may not directly injure the lacteal glands, so that
these can no longer be regarded as normal. Thus Rose 69, 7°
found, in contrast with the data furnished by two years'
experiments on goats, that in women the capacity for lactation
runs fairly parallel with the calcium content of the drinking
water; in places where several years earlier a supply of soft
water had been inaugurated, he ascertained that there had
been a notable decline in the period of lactation.

Let me take this opportunity of reiterating the warning
that, as regards the real need of the animal organism for any
particular substance, brief experiments are absolutely value-
less. Experimental animals may seem perfectly heathy,
may develop and reproduce their kind, and only in the third
or fourth generation do degenerative symptoms make their
appearance as the outcome of deficiency of some inorganic
nutrient—control experiments showing that animals under
the same conditions, except that they are adequately provided
with this nutrient, remain quite free from these symptoms.
From a communication made to me verbally by Urbeanu I
learn that he saw barndoor fowls, provided with what seemed
a bare sufficiency of calcium, develop for three generations
in a way that appeared perfectly normal; but the birds of
the third generation were sterile because their eggs had no
yolks. Control birds were still entirely normal in the fifth
generation.

That is why the embryo has so vigorous a tendency to
maintain the calcium content of its own organism at all
costs. It is a familiar fact that during pregnancy a woman
inadequately supplied with lime salts is apt to lose her teeth ;
and, in bad cases of deficiency, she may even become affected
with osteomalacia. According to the researches of L.
Zuntz,861 the calcium content of foetal rats remains normal
when the parent rats are inadequately supplied with lime
salts; calcium deficiency in the food did not influence the
calcium content of the offspring of these animals unless the
noxious influence had been persistently at work long before
conception. In such instances, however, the entire develop-
ment of the offspring was seriously impaired.

It seems expedient to remind the reader that the preparation
of the food may also influence its richness in inorganic constitu-
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ents. I have already pointed out that, according to French
investigators, when milk is boiled ...the. complex calcium-^
magnesium carbono-phosphate it contains is decomposed^
and is precipitated in an insoluble form ; and McCollum and
Parsons X3oo tell us that the precipitated salts clingy to the?
walls of the container. Thereby the quality of the food i$
doubly impaired. In the first place a natural inorganic
product, directly assimilable and immediately available for
bony growth, is metamorphosed into a form hard to assimi-
late, and is in part actually eliminated from the milk. In
the second place, and simultaneously, the excess of alkali
in th$ milk (already low) is gravely reduced. When, after
boiling vegetables, the water in which they have been boiled
is poured away, the result is similar, inasmuch as the more
soluble bases are removed, so that even vegetables which
were primarily rich in bases will exhibit an excess of acid
after such treatment (Cf. Berg 141, 333, 15^.) Finally, the
medicinal administration of acids, whether aromatic acids of
organic composition such as salicylic acid and benzoic acid
or inorganic acids such as boric acid and sulphuric acid, leads
to a dangerous loss of bases, inasmuch as these acids can only
be eliminated from the body after combining with the inorganic
alkalies it contains. v

In the previous chapter we learned that an excess of bases
in the food is desirable were it only to ensure optimal condi-
tions for the utilisation of the proteins in the diet, and to
reduce the liability to the formation of noxious products of
metabolism. I should like to refer here to the experiments
of Abderhalden,45* who found that alkalinisation of the food
with sodium acetate brought about a more efficient utilisation
of the protein in the food; and also to the observation of
Benedict and Roth 420 who noticed that in vegetarians
(human) the basic turnover was less than in persons on a
mixed diet.

I t has long been known that when herbivora, and still
more when rodents, are fed exclusively on grain, acidosis
rapidly ensues. In rabbits on a maize diet, for instance, the
acid urine contains far more phosphorus than is being intro-
duced in the food. Simultaneously the ammonia content of
the urine is greatly increased, but Underhill 565» 566 states that
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in spite of this the animals' nitrogenous balance is maintained.
The only possible explanation is that under the influence of
the acids a vigorous production of ammonia ensues; this
being insufficient to neutralise the acids, the body, in its need
for bases, is compelled to turn to the osseous system, the last
alkaline reserve of the organism. Another familiar fact is
that an inadequate supply of food, or absolute starvation,,
both of which lead to an enforced disintegration of the body's^
own protein, give rise in herbivora to the same phenomenon 1
that ensues upon an exclusive meat diet or grain diet, namely
acidosis, with alkali impoverishment of the body, and kreati-
nuria. A remarkable fact is that, during the acidosis^ even
in the meat-eater, hypoglycaemia ensues, exactly as in the
case of direct poisoning, as for example by hydrazin sulphate.
An injection of sodium hydrate will promptly render the urine
alkaline once more and will simultaneously put an end to
the kreatinuria. , Inasmuch as in herbivora a grain diet alsQ
induces acidosis, this disorder cannot, as is often maintained,
be "th<̂  outcome of carbohydrate deficiency.

Rats, again, can only endure an exclusive grain diet for
a short period, speedily succumbing on such a regimen. An
abundant addition of protein to the grain does not help them.
Hogan, however, tells us that an addition of alkalies preserves
their life and has a marvellous effect in furthering growth.

Hart, Miller, and McCollum^s and Abderhalden and
Ewald 683 have shown that an excess of acid in the food must
often play a part in the causation of the avitaminoses; in
the later chapters of this book the fact will again and again
force itself on our attention. Peckham J310 stresses the rela-
tionships and reciprocal actions of inorganic nutrients and
complettins. In this connexion we may allude to Aulde's
observation I259 that when there is either a lack of calcium or
an excess of acid in the food, the complettin A is void of effect;
and that conversely the assimilation of calcium and the full
development of the anti-inflammatory properties of this base
are only possible in the presence of A.

According to Steenbock, Nelson, and Hart,4i° the direct
addition of acid to the food always causes an increased excre-
tion of ammonia in the urine and a decreased excretion of
urea In omnivora and carnivora this decline in urea is said
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to take place by way of compensation, and thru: anthers
therefore assume that iu such animals an abnormal dNntrtfia-
ticn of the protein in the food already takes place in the
intestine, accompanied with the formation of ammonia, and
that the body protein remains intact. In herbivora, on the
other hand, it is supposed that the taking of acids with the
food involves also the disintegration of the body protein, so
that the formation of ammonia is increased to a greater extent
than the formation of urea is diminished, and the nitrogenous
balance becomes negative. In criticism of thf.se experiments
I must point out that the diet was not one in which the
ingest ion of nitrogen had been reduced to a minimum, and
that their duration was too brief. Had it been otherwise I
am sure that the observers would have found, as Rose and
I found, that in human beings, and in omnivora and earnivora,
direct losses of nitrogen occur in such conditions.

We have to remember that dogs and pigs, as normally
fed, receive far more protein than is essential far their minimal
bodily requirements, and that thereby a quantity of ammonia
competent to neutralise the acids added to the food k liberated
within the system. If no more protein than the indinpensable
minimum had been given, and if the requisite supply of addi-
tional energy had been provided by giving fats and carbo-
hydrates, the consequences of the addition of acids to the
food would have been promptly manifest in these animals too.

Hopkins Iass points out that under certain condition*
acidosis can be partially relieved by an abundant supply of
protein, thanks to the extensive formation of ammonia out
of the surplus protein. Hut we must not go too far with
this supply of protein, for Maignon has shown a^ain and main
that an exclusive protein diet in positively toxic even in a
carnivore. Whippk and van Slykuw bad similar rr.sult* in
their experiments. Feeding on large quantifies of meat
"causes symptoms of acute poisoning resembling those oeca*
liianed by an injection of aibiunose, attended by .similar
conditions in the Mood—thaw; charatterhiie of timid
destruction. In collaboration with Hirkncr I have, shown *w
that this decomposition of the tissues must arise Cram the
changes in the bodily juices determined by an excessive
production of ammonia.
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4. ACIDOSIS.

Given certain conditions, it does not take much to induce
acidosis. Bossert I0I4 points out that * in children with a
predisposition to spasmodic affections (and only in these)
the mere addition of one egg to the daily diet will give rise
to oedema with retention of nitrogen and inorganic constituents,
and sometimes to the occurrence of carpopedal spasms.
When the egg is withheld, normal conditions promptly return.
Manifestly in such cases the existence of an affection of the
nervous system explains why the acidosis has so powerful
an influence; and we must invoke the same explanation to
account for various observations that, in cases of severe
diabetes, epileptiform convulsions occurred as soon as acidosis
set in.I044, «74, "75 (Cf. also Elias W.) ShawII82 likewise
found that when certain nerve degenerations were present,
acidosis arose more readily and had a more powerful effect
—as for instance in epilepsy, severe malaria, chronic melan-
cholia, and chronic alcoholism. In conjunction with the
acidosis, " epileptic " paroxysms occurred, especially during
the night, when the reaction of the blood is physiologically
less strongly alkaline than during the day. At the same time,
the blood exhibits a marked excess of hydrogen ions. In
such cases, an increase of protein in the food leads to an
increase in the frequency of the paroxysms, whereas the
administration of alkalies reduces their frequency. At
the post-mortem examination in cases of acidosis, there
was found cloudy swelling of the pia-arachnoid, such as is
commonly observed after death from poisoning by the mineral
acids.

Although in various skin diseases (psoriasis, acne, eczema,
and seborrhoic dermatitis) the acidity of the blood and the
urine is sometimes found to be increased. Sweitzer and
Michelson II04 state that this is not invariably so, and they
therefore regard acidosis as at most an accessory factor of
these diseases.

As a general rule, we have to reckon only with the
inorganic acid-formers as the originators of acidosis. In my
published works, however, I have repeatedly insisted that
when an excess of organic acids is taken, so that the organism
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is unable to effect their complete combustion into carbonic
acid and water, they must have precisely the same effect as
the inorganic acids, seeing that they too must be neutralised
by inorganic bases before they can be excreted. Thus in
human beings the immoderate ingestion of dilute acetic acid
(table vinegar) or citric acid (lemon juice) may lead to typical
symptoms of acid poisoning, as may unfortunately be often
seen in persons who are undergoing the popular " lemon
cure.1' Obviously, too, an immoderate supply of carbohydrates
may arouse like manifestations, if these food-stuffs undergo
acid fermentation in the bowel. Indeed Barr IO55 regards
some pi the symptoms of beriberi and of experimental poly-
neuritis as consequences of an acid poisoning due to the
intestinal fermentation of the carbohydrates that are too
liberally supplied in the food. It is far from improbable that
the so-called " Mehlnahrschaden" of infants-in-arms is
in part dependent on similar causes.* This explains why
Dreifus Io65 found that in the rabbit the rectal administration
of dilute organic acids in quantities that were tolerated by
mouth, proved fatal. The acids were quickly and directly
absorbed into the blood through the mucous membrane of
the large intestine, whereas when taken by mouth they could
enter the blood only through the devious route of the
lymphatic system, and could on the way be neutralised—
partially at least.

There are also numerous reports to the effect that the
abundant ingestion of fat may lead to acidosis. This is well
known to occur in diabetics, whose powers of oxidation are
in any case impaired. We must, however, bear in mind that

• Detailed accounts of the syndromes known in Germany as Mehlnahr-
schaden and Milchnahrschaden will be found below, p. 295 and p. 297.
They are nutritive disorders in bottle-fed infants, respectively due to feeding
with cereal food and with diluted (usually pasteurised) cow's milk. It
neither becomes us nor behoves us as translators to rush in where British
experts fear to tread. The leading British authorities on the diseases of
children have failed to differentiate what the Germans call Mehlnahrschaden
and Milchnahrschaden from the generality of cases of infantile marasmus.
That is why we have to use the German names in the text. The lack of
suitable English terms dates from ten years back. In 1913, Casimir Funk,
at that time director of tbe physiologico-chemical laboratory of the Cancer
Hospital Research Institute in London, wrote: "In English pediatric
literature, the concept Mehlnahrschaden is quite unknown, the disorder
being usually included under the heading atrophy. . . . Milchnahrschaden
certainly belongs to the same category of nutritive disorders " (Die Vitamine,
Bergmann, Wiesbaden, 1914).—TRANSLATORS' NOTE.
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as regards fats there is a difference in the mechanism by which
acidosis can be produced. The splitting up of fats, with a
consequent liberation of fatty acids, takes place in the intes-
tine. Since, as far as we know, free fatty acids cannot be
absorbed by the intestinal epithelium, the neutralisation of
these acids must be effected within the intestine itself at
the cost of the alkalies in the bile. Of course this, too, leads
to alkali impoverishment. The only difference is in the
place where the loss of alkalies occurs; the net result is the
same.

Uhlmann « l 6 reports instances of obstinate acidosis in
severe cases of diabetes, in which the regulation of the f.arbo-
hydrate supply no longer leads to any improvement, but a
reduction in the amount of fat ingested is followed by a
reduction in the excretion of acetone. In like manner, Bicrry
and Portier 73* and also Dubois 733 report that in rats the
weight can be maintained by a diet of coagulated protein,
fat, carbohydrates, and salts, in definite proportions; but
that when the proportion of fat is unduly increased, acidosis
ensues, leading to acetonuria and emaciation.

In view of the observations made by all other physiologists,
it is rather presumptuous of Bayliss »3* to assure his reaciers
that the notions of acidosis and alkalosis are apriori untenable
and to declare that other explanations must be found for the
manifestations classed under these names, seeing that as
long as the organism is alive it is perfectly able to compensate
such noxious influences!

Confusions of this kind arise mainly from a lack of precision
in the definition of acidosis. This, in turn, results from the
mixing up of two ideas which to some extent are entirely
distinct, the confusion having taken place during the early
enthusiasm of the "ionic days" when investigators were
full of the joy of creation and discovery. In experiments
with pure salts it appeared that acidity or alkalinity corre-
sponded with the H or OH concentration, and " reaction "
incontinently identified with "ionic concentration.0 In
reality, we chemists understand something more by reaction,
namely the power of neutralising an acid or a base; and in
organic chemistry numerous substances are encountered
which unquestionably possess a chemical reaction in this
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sense, and can certainly function as acids or bases, although
they do not appear to be ionised.

At that time, attempts ware made to deftiu' Hut concept
of acidosis, in accordance with the ionic doctrine, in terms of
the physical relationships in the blood; but tlie.se* attempt*
were unsuccessful. We distinguish in the* blood, first of all,
the hydrogen concentration, which must h<: regarded as the
measure of the physical reaction. This concentration is
extraordinarily constant, remaining undmngrcl uvvix when
large quantities of free hydrochloric acid an; aclnuuistmti
Not uatil the aciclotic condition approaches its trrm {an in
fatal poisoning with a mineral acid, or in diabetic coma)
does tfte hydrogen ionic concentration bmmu.? positively aritl.
It is evident, therefore, that the. Wood mwA contain substuna'S
competent to neutralise adds without any change in the
Ionic concentration. The most important of tlic*.su buffer
salts in the blood i.s sodium bicarbonate, ami next ronu*» the
phosphate in the blood. As an index of this reserve alkalinity
we can use the carbonic-acid tension in the alveoli or in the
oxaiate plasma, or the ionic concentration in the plasma*
on the addition of measured quantities* of adds*.

Porges, Leimddrfer, and Markovici1*^ ^8 regard the
carbonic-acid tension of the blood as the mast reliable sign
of acidosis. Van Slyke, Culten, and Stilhiwitw report that
in acidosis there is no change in the ionic eontumtnitinn of
the blood, but that its reserve alkalinity Ls rt'duccd, this
finding expression in the diminbhed carbonic-acid tttnsicm in
the alveoli. Begun, Herrmann, and Milnxt*r4«7 iiiid, on the
other hand, in an extended nerias of rcst^ardips that hirgc
quantities of hydrochloric acid can be adininhtc^rcd with this
food, leading to a marked increase in the (txcrijtion ol ammonia
in the urine, without the occurrence in the: Mood of any
reduction either of the ionic concentration or of th« rcascrvrs
alkalinity as manifested by the carbonic-aeitl U?n»toti. Not
until large doses of acid have been given for a very long time,
and when a general alkali impoverishment lum Uikm phm
throughout the body, does the carbonic-acid tension decline,
and moreover this decline seems to be evoked by grave tiwue
alterations. These authors' researches lead them to the
coaclusion that the carbonic-acid tension in the alveoli it
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primarily dependent upon the carbonic-acid content of the
venous blood, that is to say upon the aptitude of the blood to
take up carbonic acid. Consequently, this tension cannot be an
index of the acidosis, and can decline in the absence of acidosis.

Conversely, an increase in the reserve alkalinity of the
blood does not indicate the existence of alkalosis, for such
an increase may occur physiologically, as during digestion in
consequence of the secretion of hydrochloric acid by the stomach.
(Cf. van Slyke, Cullen, and Stillman438.) Nevertheless, the
alkalinisation of the blood in such circumstances will not
increase beyond a certain measure, for fresh acids are con-
tinually being supplied in the food, and moreover the hydro-
chloric acid that has been secreted in the stomach is
reabsorbed. However, grave alkalosis can be induced by
repeatedly washing out the stomach during the climax of
gastric digestion, so that the hydrochloric acid is removed
from the body and cannot be reabsorbed. McCollum and his
collaborators I0I° saw severe tetany produced in this way
in cases of stricture of the pylorus.

Following the example of leading authorities, we may?
describe acidosis as a condition characterised by a deficiency
of fixed inorganic bases in the body, leading to the increased
production of ammonia. According to N. Zuntz, the increased
excretion of ammonia in the urine, in conjunction with high
acidity of the urine, is the only certain sign of acidosis. (Cf.
Steenbock, Nelson, and Hart,4<>7,410 and also Lyman and
Raymund 962.) Many observers, such as Shaw,1100 regard
acetonuria as a sign of acidosis. But it is certain that there
may be severe acidosis without acetonuria, and it is conceiv-
able that acetonuria might occur in the absence of acidosis.
Hopkins IO24 is also right in pointing out that the morbid
formation of oxybutyric acid, acet-acetic acid, and acetone
—a condition which can best be separately described as
" ketosis "—must be clearly distinguished from the changes
in the physico-chemical equilibrium whicE lead to a diminu-
tion in the reserve alkalinity of the blood and to a decline
in its capacity for neutralising acids.

Hopkins also draws a distinction between uncompensated
acidosis, in which there is a real increase in H-concentration,
and compensated acidosis, in which no change in H-concentra-
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tion can be demonstrated. In chronic nephritis and other
kidney disorders, the ordinary protective apparatus of the
body (the buffer salts of the serum, the elimination of carbonic
acid by the breath, and the excretory activity of the kidneys)
is thrown out of gear because the production of ammonia is
disturbed, and there ensues an acidosis of renal origin, which
is usually uncompensated. Nitzescu 406 and Palmer and
Henderson 434 make the same distinction.

In the light of extant knowledge, it would seem to be a
mistake to concentrate attention upon the composition of
the blood. Very serious disorders may occur in which the
composition of the blood appears perfectly normal. The blood
certainly possesses to a very high degree the power of self-
regulation, but this does not suffice to explain all the
phenomena we are considering. It is necessary to assume
that a hitherto unmentioned regulatory apparatus is at the
disposal of the blood. We learn this from the frequently
ascertained fact that in long-continued acidosis the body
excretes less phosphoric acid and sulphur than is ingested,
but that when in these circumstances fixed bases are added
to the food, the balance of phosphorus and sulphur inclines
strongly in the opposite direction. It follows that the blood
must have temporarily deposited somewhere or other the
excess of acids in the food which could not be eliminated by
the kidneys or the bowel. It should also be noted that in
these conditions there is a simultaneous retention of nitrogen,
which is likewise excreted as soon as a sufficiency of bases
is administered.

Normally, it is probable that these substances, which
possess a rather high molecular weight, are not retained in
the blood itself, or can exist there only for brief periods, when
greatly diluted. The accumulation of such residues in the
blood would certainly have bad effects, and since in the condi-
tions we are considering they cannot be excreted in the urine,
they are deposited wherever they will do least mischief.
Suitable depositories are offered by the comparatively inactive
tissues, such as bone, cartilage, and connective tissue* A
favourite site is the subcutaneous connective tissue; and it
is here, too, that sodium chloride, an excess of which is com-
monly ingested, is stored pending opportunity for the excretion

6



82 VITAMINS

of the surplus. Purely theoretical considerations convince
us of such possibilities, and theory has now been confirmed
by the numerous investigations of recent years. But the
explanation of the process is found, above all, in two physio-
logical peculiarities of such tissues, peculiarities by which
they are sharply distinguished from the more active tissues.

In the first place, I may remind the reader of a fact which,
though it was discovered forty years ago, has again and again
been forgotten, namely that, whereas sodium salts and often
amino-salts exert a paralysing influence on nerve and muscle,
potassium salts have a stimulating effect. A discovery made
by Gerard 243 gives unexpected confirmation of this. He found
that functionally active organs crowded with cells, such as
the muscles, the heart, the testicles, the kidneys, the liver
and the brain, are comparatively rich in potassium, whereas
the blood, the skin, the arteries, the lymphatic glands, cartilage,
and bone, are comparatively rich in sodium. These inactive
or almost inactive tissues are less injured by a fairly high
sodium content, and it is a logical inference that they will
also be the depositories for nitrogenous acid residues of high
molecular weight.

This tendency to deposit noxious substances in regions
of minor physiological importance is reinforced by the
physiological proclivity of the connective tissue towards the
storage of salts, and especially acid radicals of high molecular
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by increased storage of fluid in the tissues. The deposited
materials carry with them so much water (infiltration of the
tissues) that the percentage content of chlorine (for instance)
is perfectly normal, and the retention does not become apparent
until the contents of the tissue are reckoned in the dry state.
(Cf. Scholz and Hinkel 377 and Rothstein 83<>.)

5. PARADOXICAL EFFECT OF CALCIUM SALTS IN THE
ORGANISM.

These peculiar relationships furnish the key to many
enigmas in the metabolism of the inorganic constituents of
food, «t>ut a more detailed discussion of the topic would take
us too far from our proper subject. Moreover, it will be
necessary to return to the matter in a subsequent chapter,
so the foregoing brief indications must suffice for the present
In the same connexion, however, it is necessary to refer briefly
to a special instance of inorganic metabolism, one whose
apparently paradoxical developments must become familiar
to anyone who wishes to understand and accurately to
appraise many of the experiments made in the course of modern
dietetic research.

In the chemical laboratory it is possible by the addition
of neutral salts to effect extensive modifications in ionic
concentration, these modifications usually taking the form of
a diminution of hydrogen ionic concentration. In the living
organism we are unable to do this, for, as already said, the
body has at its disposal a regulatory apparatus which is so
manifold in its possibilities and which acts with such prompti-
tude that the effect of doses of mineral salts is completely
obscured. There is, however, one exception, which seems all
the more amazing inasmuch as in this instance the administra-
tion of a neutral salt ultimately leads to an increase instead
of to a reduction in the hydrogen ionic concentration. The
final upshot of the consumption of this salt by an animal is
the occurrence of marked acidosis. To the chemist it is at
once obvious that the cause of this remarkable result cannot
but be some kind of reaction which in the living organism
pursues a quite anomalous course—however loath we may-
be, at the first glance, to entertain the notion that the
chemical laws of the living organism can be different from those
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of inorganic nature. In 1905, when I first drew attention to
the paradox and explained it with the use of chemical formulas,
my exposition aroused universal scepticism, for its improb-
ability seems overwhelming. In essence, however, the
explanation involves nothing extraordinary, nor does it entail
any contradiction of familiar experience or demand the
acceptance of a new system of kinetics in organic chemistry.
It merely requires us to make due allowance for the fact that
the animal organism is, after all, something very different
from a test-tube; and that the chemical reactions that take
place within it result from the collaboration of millions of
cells which, despite their interdependence, are to a# large
extent autonomous, so that each is competent to act after its
own fashion. If we study the chemical reaction in the
individual cell, we find the familiar laws in operation ; and it
is only the collaboration of numerous cell complexes which
produces an aggregate result that amazes us by its apparently
paradoxical character. In other words, the ultimate result
is not the outcome of a single reaction but of a series of reactions,
and these reactions (here is the core of the matter) take place
in various organs.

I am far from having been the discoverer of these
remarkable reactions. I merely gave the explanation of
facts which had long been known, though their peculiarity
had not been noticed by previous investigators. Earlier in
the present chapter one of these well-known facts was touched
upon. I mentioned that Forbes, Halverson, and Schulz n 8 8

found that acidosis was increased by administering bicalcium
phosphate and diminished by administering calcium carbonate.
There is nothing remarkable in this, seeing that bicalcium
phosphate, CaHPO4, is a third-part acid salt. The remarkable
point only conies to light when we know that we are dealing
here with a special instance of a general rule, and when we
learn that with the exception of calcium carbonate and tri-

l
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The strange and anomalous behaviour of calcium is explained
by an observation made a great many years ago. Ernst
Lehmann 4, 16 d r e w attention to the fact that the administra-
tion of calcium salts leads to no more than a trifling increase
in the calcium content of the urine. Still earlier, Riesellz

had shown that when calcium salts are given by mouth, the
quantity of phosphates in the urine diminishes; and this
observation was confirmed by Schetelig * and all subsequent
investigators. Noorden X5 and his pupils Strauss ™> 2I and
Herxheimer22 found, however, that the administration of
calcium carbonate reduces the acidity of the urine, and that
the reduction in the urinary phosphates depends upon the
excretion of tricalcium phosphate by the bowel; whereby
these observers were led to the erroneous assumption that the
calcium combined with the phosphoric-acid radical in the
course of intestinal digestion. Nevertheless they recognised
that a portion, at least, of the calcium phosphate must be
excreted by the mucosa of the large intestines. Herxheimer
also recognised that the aggregate excretion of phosphates
is hardly altered by the administration of calcium. What,
happens, then, is that, when calcium salts are given, a parti
of the phosphoric acid which would otherwise he excreted by the \
kidneys is diverted to the colon ! My own researches likewise 1
showed that the greater part of the calcium is excreted by
the intestine in the form of tricalcium phosphate.97' 356

In the urine, however, the phosphoric-acid radical is
excreted as bisodium phosphate, or (as many think) in part
as monosodium phosphate. The relationships, therefore, can
be expressed by the following equations:

r. 3CaCl2 + 2NaH2P04 = Ca3(PO4)a+ 2NaCl + 4HCI and
2. 3CaCl2 + 2Na2HP04 = Ca3(PO4)2 + 4NaCl + 2HCI.

Of the results of these reactions, the tricalcium phosphate
appears in the faeces, and the sodium chloride in the urine.
Since free hydrochloric acid cannot exist in the blood or the
tissues, it immediately undergoes a reaction with bisodium
phosphate:

3. 2HCI + 2NaaHP04 = 2NaCl + 2NaH2P04.
The net result is that dosage with the neutral salt increases
the acidity of the urine.
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But "before the excretion occurs, the hyperacidity has
taken effect within the organism, for Fuhge (op. cit.i, and
I myself at an earlier date, found that the administration
°f salciuiii-chlQxide led t a a a increased production of ammonia,

This is only one aspect of the paradox. The other aspect
seerns almost crazier. Large doses of calcium chloride induce
severe losses of calcium, which may culminate in osteoporosis
and osteomalacia in the experimental animals. Thus Etienne
working alone,*3° and working in conjunction with Fritsch,?6

found that chloride of lime does indeed induce at the outset
a.n accumulation of calcium "within the body ; but that if it)
is given for a long time, it induces severe losses of calcium,
and that bone deformity may ensue; these evil results c>egin
immediately if adrenalin or potassium iodide is given together
with the calcium chloride. Similar results Lave recently
been secured in Germany. The explanation has already been
given. The calcium chloride induces hyperacidity within
the organism, and this leads in the long run to so serious an
alkali impoverishment that the last alkaline reserves of the
body, those in the osseous system, are attached and pass
into solution, in order that the acids may be neutralised by
the carbonates derived from the bones.

The fundamental cause, then, is the diversion of the
phosphoric-acid radical from the kidneys to the intestine,
and t h e consequent transformation of the bisodium phosphate
into monosodium phosphate. It follows that all the calcium
salts containing acid radicals that are incombustible within
t h e organism must act in the same way—for instance, the
calcium salts of the aromatic acids. To some degree, however,
sulphuric acid is an exception, for the organism can get rid
of sulphur, not only in the form of sulphuric acid, but also
(in part , at least) as ester sulphuric acids which require only
half t h e amount of alkali to neutralise them, or as non-acid
compounds. Rose's experiments do in fact show that the
urinary acidity is not so greatly increased by dosage with
calcium sulphate as by dosage with calcium chloride. A
special exception is calcium carbonate, whose acid radical
can be freely discharged in the gaseous form through the
lungs, so that no Bases are requisite to assist in its excretion.
The same considerations apply to the calcium salts of the
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combustible organic acids, seeing that the terminal product
of their combustion is likewise carbonic acid. In both cases,
therefore, the entire calcium content of the salt remains at
the disposal of the organism as a base.

It is true that the hydrochloric acid of the stomach converts
calcium carbonate into calcium chloride. But this dors not
introduce any new hydrochloric acid into the body- What-
ever hydrochloric acid is formed in the stomach, a corre-
sponding amount of alkali is set free, and this is competent
to neutralise the hydrochloric acid that is liberated when the
calcium is excreted as tricalcium phosphate, so that the whole
basic content of the calcium carbonate is, after all, available
for the organism.

The inorganic magnesium salts exhibit the same peculiarity
although not to so marked a dogrce as the calcium salts.
The difference may depend upon the fact that the magnesium
salts are in general more readily soluble, so that their excretion
is comparatively easy. Furthermore the " triple phosphate "
Mg(NH4)PO4, the insoluble magnesium salt, does not appear
in large quantities in the faeces except in abnormal conditions,

6. TUB ADMINISTRATION OF ALKALIES AS A
PREVENTIVE OF ACNDOSIS,

Calcium carbonate, therefore, acts in the animal body as
a free base in this respect, that it is competent to nnutrnltHe
acids, and thus to reduce acidossis. Obviously, all inorganic
bases in the free state can act in the same way, provided that
they can be absorbed by the organism in a soluble* form*
The free bases, however, have, like the km acids, ami vmm
more than these, the disagreeable quality of being corrosive
They dissolve organic matter, and can therefore not hv, tultir*
atcd by the organism except in extreme dilution. The
alkaline carbonates, though their corrosive influences in less
powerful, are nevertheless not free from this influence, whereas
calcium carbonate is, an such, insoluble and innocuous.
Large doses of this salt can, in fact, bo given throughout a
long period without any injurious consequences, differing in
this respect from the othar carbonates.

It need hardly be said that the soluble bases can u\m be
administered in the form of their combinations with the
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organic acids ; these salts have little or no corrosive influence,
and can be used to increase the quantity of bases in the
organism. The lactates and the citrates are chiefly employed
for this purpose, having a less disagreeable taste than the
acetates and the formates. Thanks to the vigorous propa-
ganda of Oskar Loew, in human medicine calcium lactate
has had considerable vogue. This salt is especially useful
when the patient needing calcium is suffering from gastric
disorder attended by a deficiency of hydrochloric acid in
the gastric secretion, for calcium lactate does not reduce the
acidity of the gastric juice. In experiments on animals,
bases are usually administered as lactates or citrates, whether
the aim be to counteract the effects of a diet unduly rich in
acids, or to provide supplementary bases in food otherwise
inadequate in this respect.

For brief periods, the occurrence of acidosis in consequence
of a diet rich in acids can be prevented by the administration
of one base and one only ; but it must be carefully noted that
any such one-sided dosage will prove unwholesome in the
long run. The body needs a number of bases, and not one
merely; if satisfactory results are to be secured, the food
must contain all the ingredients necessary for proper nutrition
and the maintenance of life. The most bountiful administra-
tion of one single base will not suffice, for in inorganic meta-
bolism the individual substances are mutually dependent.
Clinical experience teaches that sodium bicarbonate in
quantities amounting to hundreds of grammes will not prevent
the death of a diabetic from coma, that is to say from acid
poisoning. On the other hand, in such cases, when the use
of sodium bicarbonate was no longer helpful, I have found
that incipient diabetic coma can be arrested by the administra-
tion of a mixture of all the necessary inorganic bases.

7. FORMS OF COMBINATION OF INORGANIC SUBSTANCES;
THEIR MODE OF ACTION.

This partly explains Osborne's experience that protein-
jfree milk is by far the best provider of bases. It must of
course be remembered that in protein-free milk the inorganic
constituents are supplied in a form in which they can act
most egectively.
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In artificial mixtures of nutritive salts, these salts are
all present in a readily ionisable form. As such, however,
they play the part of foreign bodies in the organism, for they
speedily increase the osmotic pressure to an iatolerable degree.
Hence they are eliminated as rapidly as possible. Many
inorganic salts begin to make their appearance in the urine
within ten minutes of their administration "by mouth, and,
speaking generally, the whole dose will have been excreted^
within twenty-four hours. The excretion, however, is notr
effected strictly proportionally to the concentration of the
substance in the blood, but occurs irregularly, so that the
excretion of the last traces may often be deferred for a long
time. I have found that in the case of calcium and phos-
phorus compounds the excretion may not be completed until
after the lapse of five or six days. But as far as a strong1

concentration in the organism is concerned, this lasts only
for a brief space of time, and the period of efficacy of such
substances ia the body is therefore strictly limited. The
reaction of the urine gives the best proof of this, Whctn
ant acid-rich diet is being taken, and we aim at neutralising
the excess of acid by administering inorganic bases in tha
form of salts, the use of litmus paper will show that thts urine
speedily acquires an alkaline reaction. During the night,
however, the period when tha great cleaning up erf the organism
after the clay's exertions takes place, the amount of available
bases is greatly reduced owing to the rapid excretion of the
ionised salts, the result being that the morning urines (which
contains the products of tissue change during- the night) hits
again become acid, and is rich in uric acid although its pr>w<r
of holding uric acid in solution is small In other words,
when the requisite bases are supplied in the form of inorganic
salts, they are excreted so rapidly that the organism suffers*
from alkaline impoverishment at the time when its need for
alkalies is the greatest.

Conditions are very different in the case of natural nutricmtn.
Here the inorganic bases are, to some extent at leant, present
in masked forms, in stable organic combination, nnd their
presence can in many instances not be detected until niter
the destruction of the organic combination. To somft extent,
compounds of this character are even able to resist tbe dis*
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integrating effects of digestion, as I have myself proved in
the case of milk.69,70 In this form, the bases do not irritate
the animal organism in any way, and they can be retained
by the body for a considerable period, until the bases are
restored to an ionisable condition by the break-up of the
organic combinations. If, therefore, the organism be provided
with an abundance of bases by supplying it with a food
naturally rich in bases, ere long the morning urine will be
found to have an alkaline reaction. In such cases the uric-
acid content of the urine will tend towards a minimum charac-
teristic of the particular diet; and at the same time the
capacity for excreting uric acid, that is to say the competence
of the urine to dissolve uric acid, will rise to a maximum.
Thus whereas the effect of the bases in artificial mixtures of
inorganic salts is restricted to a period of an hour or two
after their ingestion, the bases in the natural nutritive salts
remain effective over long periods, and are always on hand

I when the organism needs them. In my own experiments,
|I have found that the water in which potatoes, greens, etc.,
Jiave been boiled, or protein-free milk, is speedy and effective.

These considerations perhaps explain how it is that the
ill effects of acidosis, and above all emaciation on the one
hand or oedema on the other, can be remedied, temporarily
at least, by the abundant supply of protein in the form of
meat. From the great excess of protein, large quantities of
ammonia are formed, and by this the simultaneously introduced
acid-formers can be neutralised and rendered fit for excretion.

.The inorganic bases in the meat, which to some extent are
present in more or less complex combinations, are thereby
reinforced, and a respite is secured, for these inorganic bases
are not excreted very swiftly, and remain available to some
extent for use where they may be urgently needed. (Ci
Emmet 346.)

8. MUTUAL INTERDEPENDENCE OF THE INORGANIC
•SUBSTANCES.

If in experiments concerning complettins the investigator
wishes to use mixtures of simple salts, he must always bear
in mind that iii long-continued experiments the effect of
these mixtures does not depend solely upon the excess of
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bases supplied. TIic law of the minimum is here in full
operation ; the final upshot will be determined by the sub-
stance that is present in the relatively smallest proportions.
It is hardly possible to l>e too emphatic about this matter.
We have to think, net merely of a minimal requirement 0/inorganic
substances in general, but also of a minimal requirement oj
each inorganic substance in particular. (Cf (Inborn e and
Mendel,«5i m* *w McCollum and Simmonds,^ loiG J$arr,IO55
Hess,1055 Kulz,M Grablcy97i.)

In this connexion it is necessary to refer to a consideration
which all investigators have hitherto overlooked. It does
not follow that because a mixture of salts lias proved a usoful
supplement to a particular nutrient or to a particular form
of diet, that it is an infallible dietetic supplement which will
do equally good service in the case of any and cvvxy diet.
If, for instance, a second nutrient contains a larger excess of
acids than one which lias previously been given, the natural
way of dealing with this supplementary excess will be by
giving larger doses of the mixture of salts. But if the undue
acidity be a one-sided affair, dependent let us suppose upon
an excess of phosphoric acid in the nutrient, an optimal effect
cannot be secured by a mere increase in the amount of a general
mixture of salts. The phosphoric acid will need for its excre-
tion by the intestine a preponderant percentage of th&
calcium in the mixture of salts, and this will unduly reduces
the quantity of calcium available for the other nueds of the
organism. Furthermore, the ratio between the available
calcium and the magnesium or the alkalies will thereby lie
reduced to the disadvantage of the calcium. In such a cns«,
therefore, we must not merely increase the dosage of the Aggre-
gate mixture of salts, but must take these peculiar condition*
into account by specially increasing the dosage of calcium.

In other cases, the quantity of sulphur may be unfavourably
affected in one way or another; there may he too little sodium,
iron, or manganese; or there may be too much chlorine;
and so on. In a word, generalisation is especially unsafe
when v/e are dealing with this matter of inorganic metabolism,
A decision as to the composition of the supplementary mixture
of salts must always he based upon an accurate analysis oj [he
constituents cf ike diets To this matter we shall return*
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v/9. THE UTILISATION OF CALCIUM IN VARIOUS FORMS C
ADMINISTRATION.

A special problem is intimately connected with the f
going—the extent to which the inorganic constituents of
various nutrients can be utilised. As far as the bases
concerned, a detailed study of the question has been ir
only in the case of calcium. McClugage and Mende
report that in dogs the calcium in milk is better util:
than the calcium in carrots or spinach. Rose I0I9> io83 co:
to the same conclusion as regards human beings, finding t
the utilisation of calcium in carrots is much less efficient tl
the utilisation of calcium in milk. A critical study of tit
papers leaves a different impression on my own mind,
far as the dog is concerned, we must remember that 1
animal, being a carnivore, is better adapted to digest anii
foods rich in protein than vegetable foods ; the dog's intest
is,too short for a vegetable diet. In such experiments, d<
should be habituated to a vegetable diet before the spec
enquiry begins. Next it must be noted that if the dog
not habituated to a diet of spinach or carrots, diarrhoea \
ensue, involving great losses of calcium; this is especia
obvious when we recall that to supply the amount of Ih
contained in a very small quantity of milk, large amoui
of spinach or carrots will be requisite. The mistake has be
made that is unfortunately so often made by those who a
studying the physiology of nutrition, of regarding " digestior
as synonymous with " utilisation.'' In the process of nutr i t i
we must distinguish three stages which are to a considerat
extent independent one of another, nainely digesiion^bsef
tjjQp.j, ajod assimilpjien. Only when assimilation is unsati
factory, are we entitled to speak of a substance as imperfect
utilisable. If McClugage and Mendel had told us that spina<
and carrots were not satisfactory as sources of calcium f<
dogs, they^ would have been within the mark, but the
researches give us no information as to the degree to whic
the calcium is utilisable. A nutrient may be badly bori
by an animal whose digestive system is ill-adapted to de;
with it, but we are not entitled to infer that such portioi
of the nutrient as are digested are badly assimilated.
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Rose, keeping four healthy human beings under observation,
ascertained the calcium balance when a diet was being taken
competent to supply appraximately the minimal requirement
of calcium. In two of the cases the experiment lasted a
fortnight; in the other two, three weeks. In two instances
there was a preliminary period in which the calcium needed
was provided chiefly from milk, whereas in the main experi-
ment the calcium was supplied in a daily ration of 40a grammes
of boiled carrots. The experiment is so typical of the short-
sighted way in which inferences are drawn from experiments
on nutrition that I cannot refrain from a brief examination
of th^ results.

Person,

E. D. B,
E. D. B.
R. S. E. . .
K. S. E,
£. H.
E. W.

Diet.

Milk
Carrots
Milk
Carrots
Carrots
Carrots

Calcium
supplied in

0-383

O * 38 ]

Q"&(il

IVrcflr»ta«ft nl
C.ilriurn !n>m

CArrrtts.

0

$5
0

5.1
84
Sa

4- 4

From this it appears that in E. I). B. the calcium from
carrots was quite as efficiently utilised as the calcium from
milk, whereas in R. S. E. a deficit occurred during the carrot
diet. But the retention of calcium during the milk diet was
5° % greater in R. S, E, than in JL IX B. This immediately
suggests that what occurred in R, S* E, during the milk
period was not an assimilation of calcium but a simple reten-
tion of calcium. Every investigator who has been engaged
in researches on calcium metabolism must be aware; that this
substance is not rapidly excreted, and that a quantity of
calcium introduced with the food m not fully discharged
from the body until at least five or six days have elapsed. In
such investigations, therefore, a standard diet must be
selected, and must be given far a preliminary period during
which the utilisation of the substance under consideration
has been ascertained. Then follows the main period of the
experiment, during which the test substance is added to the
standaid diet. In a final period, when the administration
of the test substance has been discontinued, the process of
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its elimination is kept under observation. Thus only can
some safeguard be secured against surprises due to retarded
excretion. This simple measure of precaution was not taken
in Rose's experiments, and it is therefore probable that the
well-marked positive balance during the milk period was
partly due to such a retardation of excretion, and that the
quantities of calcium that had previously been retained were
excreted after the milk had been discontinued, that is to say
during the carrot period, so that the balance was then falsified
to the apparent detriment of the carrot calcium. We infer,
therefore, that the experiments on E. D. B. and R. S. E.,
in which a comparison between a milk diet and a carrot diet
was made, afford no justification for declaring that there is
a difference in the utilisation of the calcium from milk and
carrots respectively. In the cases of E. H. and E. W., there
was no initial period of milk diet, and therefore no direct
comparison between milk and carrots is possible. Apart
from this, the experiments show such remarkable irregularities
that we are entitled to challenge the accuracy of the results.

In E. H. the increment is only 4 %, whereas in E. W. it is
27 %, although the difference in the amount of lime given in.
the two cases was only 14 %. A strict criticism of the experi-
ments therefore leads us to infer that in two cases the
utilisation of the calcium of vegetable origin was as great as
or 70 % greater than the utilisation of the calcium in milk—>
which is the very opposite of what Rose contends. Con-
versely, in the other two instances, the utilisation was less
efiective in the case of the calcium of vegetable origin. We
may infer with some probability that the calcium in these
two nutrients has the same "biological value.

As a result of the observations of other medical practitioners
we are eatitled to draw the general conclusion that the inorganic
bases are always fully utilisable so Jong as they are administered
in such a form that they can be assimilated by the organism.

10. THE EFFECT OF OXIDATION UPON THE BIOLOGICAL
VAXTJE OF THE ACID-FOHMERS.

Even when a precise analysis has informed us concerning
the natute and quantities of the inorganic constituents of
the food, so that we are enlightened as to what supplementary
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inorganic nutrients may be required, our difficulties are by
no means at an end. All that the analysis tells us is the
aggregate amount of phosphorus, sulphur, etc. It may,
however, very well happen that in one case this or that inor-
ganic substance is present mainly in an oxidised (that is to
say in an inorganic form), and that in another case it is present
in the form of some complex organic compound. In the
latter event, it may sometimes be one of the components of
a readily oxidisable substance, and sometimes one of the
components of a substance difficult to oxidise. The bearing
on the amount of the inorganic nutrient that is requisite will
vary iji each case. If, therefore, we wish to ascertain an
animal's requirement in respect of any inorganic substance,
preliminary researches must be made to ascertain whether
(when the diet is otherwise adequate) the selected method of
administering the inorganic nutrient be a suitable one. Not
until we know this, can we proceed with the main subject
of research. The problems are further complicated because
the requirement of inorganic nutrients varies in different
species of animals, and also because the requirement is exten-
sively modified by the state of the animal as regards growth
and other physiological conditions, such as procreation,!
menstruation, gestation, lactation, etc. Above all in the case?
of phosphorus and sulphur we have to reckon with, not merely'
the absolute quantity in the food, but also the nature of the
compound in which these elements are supplied. We know
very little concerning the modes of combination of sulphur,
and contributions to our knowledge in this respect would be
most welcome. Apart from the purely inorganic compounds
of sulphur, we know this element in the organism only in the
form of cystein or its "anhydride" cystin, although there
can be no doubt that quite a number of sulphur compounds
are represented in the " neutral sulphur " of the urine. From
a private communication I learn that Hopkins has recently
succeeded in isolating a number of new sulphur-containing
organic substances. If this is confirmed, the importance of un-
oxidised and organically combined sulphur will be yet further
enhanced, but nothing has as yet been published on the subject.

I have already mentioned that the peculiar importance
of the two sulphides to the animal organism is made manifest
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; by the consideration that cystin is a vitally essential substance
jwhich cannot be synthetised within the animal body. In
]one of their papers, Osborne and Mendel maintain 7̂9 that
the inorganic constituents of the food need only be supplied
in inorganic form. But this conflicts with other reports by
the same investigators, who (as we learned in the second chapter
of the present work) have repeatedly noted that growth, and
even the mere maintenance of weight, are impossible unless
cystin be supplied ready made. Hirschstein *59 states as the
result of experimental work that a number of nutritive and
metabolic disorders can at least be benefited by the supply
of cystin when this substance has been deficient in the food.
Florence,1^6 too, emphasises the same fact, but supports his
contention only by reasoning, and not by experimental data.

Though there is unanimity as concerns the need for the
presence in the food of sulphur in organic combination, this
is far from being the case as regards phosphorus. There is
nothing to surprise us in the notion that the organism's needs
for inorganic phosphorus in the oxidised form can be supplied
out of phosphorus in organic combination (cf. Lipschiite,xx9
Heubner,46° and Grosser288), seeing that during the disintegra-
tion of organic substances within the organism the phosphorus
undergoes combustion to form phosphoric acid.

Moreover, every breeder of animals know that the growing
organism can utilise simple inorganic phosphorus for the
building up of its osseous system ; and by Tereg and Arnold *
the fact has been experimentally proved in the case of growing
dogs. Recently, Schloss and Herbst, in an extensive series
of researches, have shown that the statement is equally true
of children.

We face a different problem when we ask whether the
animal organism is also competent to build up organic phos-
phorus compounds out of inorganic. Here most physiologists
make the mistake of failing to distinguish between salt-like
or ester-like compounds (the so-called mixed-organic com-
pounds) and compounds into which the phosphorus Has
e n t f ?d 3§3:. cpn^ue i^pad ; :9l.,an orgaiuG complex. Yet the
chemical distinction is vital. In the first case we have merely
to do with the formation of an oxygen (ester) or amino-com-
pound (salt)—substances in which the oxides of the phosphorus
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still retain a thoroughly inorganic character. This is manifest
inasmuch as simple hydrolysis or double decomposition suffices
to liberate the inorganic component, so that its presence can
immediately be detected by analysis. We have, indeed, a
superfluity of proofs that such a combination can readily
be effected within the animal organism through the simple
splitting off of water or ammonia.

From these organic phosphates which are easily formed
and easily destroyed in the organism, from these salt-like
compounds, we must distinguish as a matter of principle the
substances in which the phosphorus exists in an unoxidised
or imperfectly oxidised form as a constituent of a purely
organic complex, this being the form in which (in part, at
least) the element is met with in the nucleoproteins. For
the building up of such compounds, the phosphates as found
in inorganic nature must first be reduced, that is to say
hydrogenised; and in such compounds the phosphorus subse-
quently enters into so intimate a form of combination, that
the presence of the element can only be detected after a
preliminary destruction of the organic complex by oxidation-
So far as the more highly organised animals, at any rate, are
concerned, we do not know a single instance of such a genuine
reduction of phosphorus, and the incompetence of the animal
organism to achieve this reaction is the probable explanation of
the inability of the higher animals to synthetise carbon chains.

Consequently, when Fingerling X99 found that, on a diet
very poor in organically combined phosphorus, hens continued
to lay regularly and to produce eggs containing a normal
quantity of lecithin, he had merely discovered a fresh demon-
stration of the familiar fact that the animal body can build
up phosphorus into compounds of the ester series; but the
experiment throws no light on the possibility of a synthesis
of genuinely organic phosphorus compounds.

Innumerable investigators have studied the problem, and
almost all of them have come to the conclusion that no such
synthesis can be effected within the animal body. Against
some of the earlier experiments, those of Steinitz,*7 Zadik,*9
Leipziger,3° Ehrlich,3* and others, it is possible to lodge the
objection that these experimentalists did not succeed in
providing a diet free from organic phosphorus, or to complain

7
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that the duration of the experiments was too short. The
negative issue of their researches has, therefore, no demonstra-
tive force. In other instances, as in the experiments of
Gregersen/43 the duration was ridiculously brief, no attempt
was made to avoid errors due to delayed excretion, and no
examination of the excreta was continued after the close of the
main period of the experiment. The same criticisms apply
to the experiment made by HolstiII6 upon his own person.
The positive results secured by Gregersen and Holsti may,
therefore, be interpreted as simply due to errors of experiment.

Only four decisive series of observations bearing on this
matter have been recorded. Pat on 3* has shown that when
salmon are on the way to the spawning-ground, and when
during this period the testicles or ovaries undergo a n enormous
enlargement, the phosphorus content of the ripe reproductive
organs increases just as much as the phosphorus content of
the muscles diminishes. Now the muscles contain a mixed-

*organic phosphorus compound, whereas in the ovaries and
pie sperm there are nucleoproteins, which must have been
built up out of inorganic phosphorus. But the demonstrative
force of Paton's observation rests upbn the old assumption
that salmon take no food while on their way up river.
Putter 87 has, however, shown that this assumption is un-
founded ; during their migration up river it is true that
salmon are less inclined than usual to feed on other fish, but
they consume plankton, and this fact cuts the ground from
under Paton's reasoning.

McCollum95 experimented on growing rats with a diet
very poor in phosphorus. The rats grew in a fairly normal
fashion, but they lost weight, so that McCollum's inference
that the rats did not need any organic phosphorus for the
purposes of their growth seems a trifle hasty.

Hart, McCollum, and Fuller 86 experimented on pigs with
a diet containing very little organic phosphorus. The animals
grew, but they suffered in the same way as t h e rats in
McCollum's experiments. When the pigs were killed, the
osseous system was found to be only about one-fifth as well
developed as it would have been on a normal diet. Since,
moreover, the experiments were not continued until the
animals were old enough to reproduce their kind, they lack
cogency.
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All that remain, then, are the experiments of Qsfeprnc,
Mendel, Ferry, and Wakeman 7*9 on rats. But in ft&r case
the diet was not free from organically combined phosphorus,
and since the work of other investigators ll9> *99> &* has shown
beyond dispute that the need for organic phosphorus is very
small in comparison with the need for inorganic phosphorus, .
these experiments, too, lack demonstrative force. We must
remember that even edestin, the protein which is most easily
prepared in a pure form, is never free from phosphorus—
although some of the American investigators contend that
it is. I have been led by the publication of the American
researches to examine a number of the eclestins of commerce,
and haVc found them all to contain phosphorus, sometimes in
considerable amounts. The firm of Merck manufactured to
a special order a sample of edestin of the utmost purity. This
contained o-0681 % of phosphorus (estimated as P8O3). On
further enquiry, the manufacturers said they could not supply
anything purer. My own attempts to produce an edestin
free from phosphorus were equally fruitless. If a pure crystal-
Usable protein contains so large a percentage of phosphorus,
we are certainly entitled to assume that the commoner sorts
of protein ordinarily employed in experiments on nutrition
must contain even larger amounts of organic phosphorus.
Although is so many instances we are assured that the experi-
mental diet was free or almost free from organic phosphorus,
there is adequate ground for believing that the assertions
were based upon a defective analytical technique. Or, indued,
the experimentalist rnay have accepted the manufacturer's
guarantees at their face value,

Elaborate experiments made on dogs by Rogozinski 11<l

and Durlach a87 gave negative results. Here, however,
deficiency of complettins and bases may have been a
contributory cause,

All our extant experience would seem to point to the
conclusion that the amount of organic phosphorus required
by the organism is very small, tu t that the higher animals
are incompetent to synthetise such genuinely organic phos-
phorus compounds as they actually want. In experiments
concerning complettins it is therefore essential to see that
the bodily need for phosphorus in organic combination is
duly satisfied.



CHAPTER FOUR

BERIBERI AND OTHER FORMS OF
POLYNEURITIS

i. ETIOLOGY.

BERIBERI used to be regarded as one of the infective diseases,
and as late as 1911 leading Japanese authorities made merry
over the learned Europeans who took another view, who
overlooked obvious facts, and fancied that in distant Europe
they could discover something precise about beriberi which
was hidden from Japanese scientists on the spot.x33> 136 No
doubt there was a good deal to be said for the infective
etiology. For instance, especial stress was laid upon the
fact that beriberi, or kakke as the Japanese name it, was
formerly quite unknown in the interior of Japan, and that
as the railway system of the country developed the disease
rapidly spread into the interior along the new routes of
communication. Then, as earlier, the staple diet -»of the
Japanese peasants was rice. If the Europeans were right in
thinking rice to be a causative factor, its action, said the
Japanese, could at most be indirect. Perhaps the rice was a
culture medium for the infective agent. The infective theory
seemed all the more probable when it appeared during the
latter half of the Russo-Japanese war that the substitution of
barley meal for rice did not prevent the spread of beriberi.
Even to-day, quite a number of persons still cling to the infec-
tive theory, and during the late war evidence was brought
forward which seemed to support such an etiology. For
example, Sprawson »3* was of opinion that the beriberi from
which the British troops suffered in Mesopotamia must have
had a twofold causation. Among the Indian sailors at the
mouth of the Shat-el-Arab, the disease was a true avitaminosis,
for these sailors were strict Mohammedans who would not
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touch European food, and lived entirely on polished rice.
The Goanese, who were working in the same place, but who
ate European food, remained healthy. Among the Chinese
coolies employed in Mesopotamia, beriberi had broken out
during their transport to the country, so that this was likewise
a true ayitaminosis. There was, however, no improvement
in the health of the Chinese coolies when they were put upon
European diet; and there now ensued among the European
troops, who ate abundant meat in the customary fashion,
repeated epidemics of beriberi, some of them very severe.
Sprawson was of opinion that the epidemiology of the disease
could (jnly be explained on the theory that among those who
lived on European food it was spread by infection, seeing that
the generous meat rations must have contained sufficient
vitamin. The theory received official endorsement, for in
the discussion on the avitaminoses,1066 even the noted British
scientist Hopkins described infection as* not altogether
improbable in such cases. For similar reasons, Marchoux "55
came to the same conclusion regarding the causation of the
epidemic among the Annamese soldiers in AngoulSme.

In both these instances, however, the fundamental
assumption that the diet had contained sufficient vitamin
was cQntested by other authorities. Willcox,I0*5, Io66 Hume
and Chick,1066 and also Wallis,1066 pointed out that the beriberi
epidemics in Mesopotamia only occurred when difficulties in
the supply of fresh meat had made it necessary to feed the
troops on corned beef, and that the bread in the soldiers'
rations was made from the finest white flour and was therefore
very poor in vitamin. In the corned beef, the vitamin had
been destroyed during the process of sterilisation. (The last
statement may be correct, but it is interesting to note how
among the Entente States as well as among the Central
European States the profit-hunting of the owners of the canning
factories entailed the death of countless human beings. Udo
Kliinder J3*4 has shown that, during the war, in the preparation
of corned beef in America, the water of the first boiling,
which is known to contain an abundance of vitamins, was
separated from the meat and made into meat extract. In
the weakly acid medium of the fresh meat it is quite probable
that, but for this, a sufficiency of vitamins would have resisted
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the process of sterilisation.) Regarding the epidemic among
the Chinese coolies in France, Leggate I01* reports that the
staple diet consisted of polished rice, and though a meat ration
was given once or twice a week, the meat was tinned.

So many instances were known in which intoxication
could be excluded, that it was necessary to look for other
causes. The most notable fact in the epidemiology of beriberi
was that when the disease occurred in rice-eaters it was only
in those who consumed fully hulled and polished rice; and
that partially hulled rice, still invested with the pericarp or
silver-skin, was actually able to cure the disease. A first
glance at the composition of polished rice seemed, therefore,
to those medical practitioners who continued to believe in
Voit's dogmas concerning nutrition, to support the theory
that the cause of beriberi was an insufficiency of protein and
fat. The observations of Chamberlain and Vedder J56 were
in harmony with this, for they found that persons fed on an
inadequate supply of unhulled rice, or suffering from actual
famine, developed symptoms resembling those of beriberi,
and that in this disorder just as in true beriberi, the first
symptom was a loss of weight amounting to at least 21 %.
Eijkman 5l6 likewise found that polyneuritis occurred in fowls
whose diet was quite inadequate, and that this polyneuritis,
too, could be cured by dosage with vitamin. Segawa,3*3
however, regarded the malnutrition as no more than a
secondary symptom dependent upon the gradual development
of a repulsion for the monotonous diet.369 This theory
conflicts with the universally known fact that the body-weight
begins to decline directly the subject is put upon the patho-
genic diet, long before any repulsion arises. As long ago as
1902, Hulshof£-Pol 38 drew attention to this initial loss of
weight, and his data have been confirmed by all subsequent
observers.

Nearly twenty years earlier, Urbeanu8 had shown that
in dietetic polyneuritis the phosphorus and potassium balance
in experimental animals became negative from the very outset.
Chamberlain, Bloombergh, and Kilbourne X45 pointed out that
all the nutrients known to cause beriberi axe poor in phosphorus
and potassium. Vedder 314 confirmed this, but was of opinion
that the deficiency of these substances did not suffice to
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explain outbreaks of the disease. In 1904, Durham 44 had
shown that the nitrogenous balance became strongly negative
with the appearance of the first symptoms of the disease.
These points were not fully cleared up until the comprehensive
researches of Schaumann I23» 36x had shown that directly
the experimental diet was begun, the balance of nitrogen,
total ash, and (above all) calcium and phosphorus, became
markedly negative, and grew continually more unfavourable
as the disease progressed. Observations made by Aron and
Hocson,I49 and by Breaudat,*72 that the addition of meat to
the diet did not cure beriberi, ran counter to the theory that
the disease is due to malnutrition in the ordinary sense
of the term. According to Tasawa,33* a peculiarly typical
polyneuritis ensues upon a diet in which polished rice is
supplemented by white of egg or thoroughly boiled meat;
and Lovelace262 has seen a number of cases of beriberi in
which the supply of protein in the food had been abundant
even in accordance with the older dietetic standards. Edie,
Evans, Moore, Simpson, and Webster220 found, indeed, that
the addition of casein somewhat retarded the onset of the
disease; but the most plausible interpretation here is that
the casein of commerce used by the experimenters was not
perfectly free from vitamin.

In one respect there is something to be said in favour of
the opinion of those who have held that the inadequacy of
rice protein is responsible for the occurrence of beriberi, for
BarrIO55 has drawn attention to the fact that experimental
polyneuritis closely resembles the diseases that result from
feeding with an inadequate protein—for instance, one charac-
terised by a lack of tryptophan. This, however, can only
be an accessory factor, for were it the efficient cause the
addition of protein to the diet would prevent the disease,
and we have learned that it fails to do so.

Br6audat 3C72 found also that the addition of fat or carbo-
hydrates was ineffective. Indeed, in monkeys suffering
from beriberi, the addition of butter to the diet hastens the
end.IO56 In part this remarkable result may be explained
by the supposition that the provision of additional combustible
material imposes upon the body an additional task with which,
in its weakened state, it is unable to cope, so that the acidosis
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induce in fowls a polyneuritis which closely resembles human
beriberi. In this connexion it may be of interest to note
that polyneuritis gallinarum has recently occurred on a large
scale, as an outcome of wartime feeding, in Holland among
ordinary domesticated fowls.975 This proves that the experi-
mental polyneuritis previously observed was not simply an
artificial product of laboratory conditions, but a nutritive
disorder perfectly analogous to beriberi. It has now, therefore,
become possible to study in animals the complicated problems
concerning this enigmatic disease more intimately and more
speedily than could be done in human beings in hospital.

Hoist and Frolich 6a> 63, *4,65,100, 105, 107,186 h a d ^Jready
noted that not only polished rice, but most other cereals
from which the bran has been very thoroughly removed and
which have been finely ground and sifted, induce scurvy in
pigeons and barndoor fowls. When unhulled, these cereals
are harmless to such birds, but bread made from fine flour
is extremely injurious. The same observers discovered that
raw meat does indeed cause general disorders in fowls, but
that the birds become affected with polyneuritis only when
the meat had been boiled for a long time, or superheated
(uo° to 1200 C). In like manner, potatoes that had been
long boiled induced polyneuritis in fowls. Hart, Halpin,
and McCoUurn6l* also showed that unhulled cereals were
harmless to fowls, provided that calcium carbonate was
added to the food in order to prevent the incidence of other
diseases than beriberi. According to Weill and Mouriquand,627
hulled maize and sterilised maize both cause polyneuritis,
whereas the hulls of raw maize have an antineuritic influence,
and, according to Clementi,5*9 fowls which have been affected
with polyneuritis by being fed on rice can be cured by giving
them wholemeal from maize. According to Schaumann,36i
too, the whole maize is harmless to pigeons.

Nevertheless, cases of beriberi have been reported in which
the pathogenic agent was unquestionably unhulled rice, and
not polished rice. IO77, "55, II8* The most reasonable explana-
tion of these instances is to suppose that in such cases the
rice had been kept too long in store.

It has long been known that g^een peas and fresh beajis
are rich in vitamins. This is especially true of the katjang-idjo
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bean (Phaseolus radiatus), renowned as a remedy for "beriberi.
As early as 1902, Hulshoff-Pol 3* prepared an extract of
katjang-idjo which was successful in curing beriberi. Mosz-
kowski X74 expressly declares that when an exclusive diet of
polished rice is producing beriberi, the occurrence of the
disease can be prevented by the addition of comparatively
small quantities of this bean to the daily ration. Schaumann 3^
confirms the statement that katjang-idjo has both a prophy-
lactic and a curative action in beriberi; but adds that the
remedial influence of the bean declines as it gets older, and
that beans which have been stared for five years are quite
ineffective. This accords with the report of Weill, Mouriquand,
and Michel,^6 that sterilised meat will induce polyneuritis
in cats more rapidly in proportion to the time the meat has
leen stored. The same observers found that raw frozen
meat or salt meat was well borne by cats if fresh, whereas
-when it has been long kept it is known to be free from vitamins
and to have a pathogenic influence.

I rnxist repeat that in the case of seeds, too, the method
of preparation is of much importance. Osborne and Mendel 493
found that there was abundant vitamin in cotton seed, "but
Rommel and Veckler^r report that fine cottonseed meal,
as an exclusive diet or as an extensive supplement to hay,
induces polyncuritis in cattle. In like manner, pigs fed on
hulled rice, cottonseed meal, or a mixture of maize meal
and cottonseed meal, speedily became affected with poly-
neuritis. In conformity with the observations of Hoist and
Jrolich, Little i6t reports the occurrence of "beriberi in S t
Anthony (Newfoundland) and Labrador in persons nourished
almost exclusively on fine wheatea flour. In the pig, too,
according to Hart, Miller, and McCollurn,5*5 large quantities
of fine wheaten flour give rise to polyneuritis.

The question is greatly complicated by the circumstance
that the same nutrient has very different effects in different
species of animals. We have seen that maize is harmless to
fowls and pigeons ; and according to Hoist and Fr6lichM

xats remain healthy on a maize diet,—an observation confirmed
fcy Schaumann. Conversely, Schaumann's experiments show
that maize induces marfo^d polyneuritis in rabbits; Hoist
and FrQlich, and also Schauraann, have found that it causes
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scurvy in guineapigs; whilst Weiser *58 states that pigs fed
on maize perish from general malnutrition. Again, according
to Hart, Halpin, and McCollum,612 fowls fed on wheat remain
healthy, whereas pigs and rats develop polyneuritis on this
diet; and Hoist and Frolich inform us 65 that guineapigs
fed on wheat suffer from scurvy.

The varying reaction of different species of animals to an
identical diet is still a complete enigma, and in my opinion
insufficient attention has been paid to the matter. Speaking
generally it would seem that graminivorous birds thrive on
whole grains, but suffer from polyneuritis when the grain
is hulled. In mammals, on the other hand, grain feeding
may cause polyneuritis in certain circumstances, especially
in rodents (except for the omnivorous rat), which are highly
susceptible to acidosis. In many mammals, however, a grain
diet induces scurvy instead of polyneuritis ; while some animals
perish from general malnutrition owing to the inadequate
supply of inorganic nutrients in the grain. When grain has
been very thoroughly hulled, almost all animals, human beings
included, become affected with polyneuritis. Are these
variations due to varying requirements in respect of vitamin;
or are the polyneuritic disorders due to the absence of various
vitamins which act differently in different species of animals,
or are essential to different species in a varying degree ?

Hoist and Frolich (op. cit.), experimenting on guineapigs,
found that these animals on an exclusive cereal diet invariably
succumbed in from fifteen to forty-six days. In sixty-five
fatal cases, sixty-three were well-marked instances of scurvy,
and only two were instances of polyneuritis. It is true that
a large number of the animals dying of scurvy were found on
post-mortem examination to have degenerative changes in
the finer ramifications of the peripheral nerves, but there had
been no paralytic symptoms. Considering this observation
in the light of'what has previously been said, its interpretation
becomes easier when we recall that rodents are extremely
sensitive to acidosis, which in these animals always leads to
haemorrhages, and frequently to the occurrence of oedema.
If their food be characterised by a lack both of vitamin and of
the antiscorbutic complettin, the effect of the latter deficiency
will be reinforced by the acidotic influence of the food, so
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that scurvy will develop unless there be some special predis-
position to nervous disease, a predisposition either congenital
or acquired. It is in these exceptional instances of predisposi-
tion that polyneuritis develops. But the fact that in such
cases, also, the bones were found to be " as thin as paper,"
shows that scurvy or acidosis existed as a complication.

We have already learned that beriberi in human beings
and polyneuritis in other animals are not solely associated
with an exclusive rice diet, but may occur when various other
nutrients are given. Even when these pathogenic nutrients
are given in conjunction, and even when they are given (of
course in preponderant quantities) in association with nutrients
that have a curative effect on polyneuritis, polyneuritis will
ensue, as happened in the case of the British troops in
Mesopotamia, and as was observed by Dufouger£ "44 in French
Guiana. Lovelace262 reports a case of beriberi observed by
himself in which the patient had been taking a mixed diet.
Dickenson,4*6 and also Smith and Hastings,286 noted the
occurrence of this disease in persons taking an extremely
varied diet which seemed to comply with all the hitherto
accepted essentials of an adequate nutrition. " Ship beri-
beri," which also arises in persons taking a mixed diet, cannot
be considered here, since nervous symptoms are entirely
lacking in this form of the disease. The whole clinical picture
of ship beriberi assimilates it rather to malnutritional oedema,
and we shall return to the matter in that connexion.

When beriberi occurs in persons taking a mixed diet, it
will be found: (a) that some of the important nutrients
have been subjected to a preserving process involving exposure
to excessive or unduly prolonged heat; or (6) that the cereals
in the diet have been subjected to too extensive a hulling
process in the mill; or (c) that other important constituents
of the food have, in preparing them for the table, been boiled
and that their vitamin content has passed into the cooking
water and been thrown away.

This account of the etiological importance of diet in
relation to the onset of beriberi may conclude with a reference
to the fact that both Cooper 269 and Vedder235 have found
that the use of alcohol does not appear to accelerate the
onset of beriberi or to aggravate the course of the disease.



n o VITAMINS

2. ISOLATION OF VITAMIN.

The first attempt to isolate the antineuritic principle was
made by Hulshoff-Pol 38, 68, 626 i n jgoz. Having prepared a
watery extract of katjang-idjo beans, he added lead acetate
to form a precipitate; the filtrate was then freed from lead
by means of sulphuretted hydrogen ; "by subsequent evapora-
tion at the ordinary temperature he secured an acid crystalline
substance to which he gave the name of X acid. It had
prophylactic virtues against "beriberi, and was a useful remedy
in cases of that disease. McCollum and Sirnmonds 67° subse-
quently isolated vitamin from haricot beans. Having extracted
these with 95 % alcohol, they got rid of the alcohol by evapora-
tion, freed the residue from fat by treatment with ether,
mixed it with dextrin, and precipitated the active principle
in conjunction with the dextrin by means of absolute alcohol,
These observers recorded as a remarkable peculiarity that
vitamin, which is ordinarily insoluble in acetone and benzene,
can be extracted from the dried dextrin precipitate by the
use of acetone or benzene. This statement has not been
confirmed by any other investigators.

It was natural that other early attempts to isolate vitamin
should have teen made in the case of rice grains or the silver-
skin of rice (rice polishings). In 1910, Fraser and Stanton Io8

reported that the active principle could be extracted from rice
by means of alcohol. Tie next year, Funk *55 extracted the
hulls of rice with alcohol, freed the solution from alcohol,
dissolved the residue in dilute sulphuric acid, and then
precipitated with phospho-tungstic acid ; the precipitate was
treated with "baryta water, and after the excess of baryta had
been removed by the addition of sulphuric acid, the filtrate
was first purified with an excess of silver nitrate, and then
the vitamin was precipitated as a double salt with silver
nitrate by the use of baryta water. Prom this precipitate
it was possible to extract a crystalline preparation, which
proved to be the nitrate of an organic base.

Subsequently the method" was much modified, but the
essentials of the process remained unchanged—the crude
vitamin was isolated by the precipitation of a sulphuric-acid
solution by means of an exactly adequate quantity of phospho-
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tungstic acid. Tsuzuki and Shimamura *s6 improved the
method. Having driven off the alcohol from the first
alcoholic extract, they removed the fat from the extract bjr

the use of ether. They were then content with decomposing
the phospho-tungstic-acid precipitate by means of baryta,
subsequently freeing the solution from baryta by treatment
with sulphuric acid, and then evaporating to a syrup. By
this process they secured a thick syrup, acid in reaction, and
representing 0 . 3 % of the material originally extracted.
They named the product aberi acid.

SchaurnannI23 prepared his crude vitamin in the first
instance by extracting the silver-skins of rice (rice polishings)
with albout ten times their weight of 96 % alcohol, driving
off the alcohol by evaporation on a water-bath at a moderate
temperature in a strong air-current, and removing the fat
from the extract by the use of acetone. He subsequently
secured a purer product by the following process. Having
made an extract with water, or better still with dilute (o-z %)
HC1, he treated the extract with 96 % alcohol, precipitated
the filtrate with sublimate solution, and decomposed this
precipitate. At a later date,361 he seems to have used 0-3 %
HC1, but he states that extraction both with this and with
alcohol is far from being successful. Hence we can under-
stand the experience of Abderhalden and Lamp<3,289 who
found that extraction with alcohol did not notably impair
the curative virtues of rice bran.

Since Funk's method involves serious losses of the active
principle, Tsuzuki 3*° attempted to secure a crude preparation
more highly charged with vitamin. Having extracted with
60 % alcohol, he evaporated to a syrup, which he saturated
with ammonium sulphate until the proteins it contained were
precipitated; the filtrate was then freed as much as possible
from ammonium sulphate by the plentiful addition of alcohol ;
the solution having been once more concentrated, was again
precipitated, this time with absolute alcohol, and the filtrate
then concentrated by evaporation at a temperature of from
6o° to 8o° C. to form a thick extract, brownish in colour. To
this, Tsuzuki gave the name of antiberiberin. One kilogramme
of rice polishings yielded fifty grammes of antiberiberm.
According to Schaumann 3** it was almost entirely ineffective.
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Funk 273 endeavoured to purify his own crude vitamin by
fractional crystallisation, thus securing two crystalline sub-
stances. One of these was apparently nicotinic acid, and the
other was a hitherto unknown nitrogenous body of high
molecular weight.

Before this, Tsuzuki, Shimamura, and Odake *10 had tried
to obtain pure vitamin. The crude product resulting from the
decomposition of the phospho-tungstic-acid precipitate was
precipitated with tannic acid and subsequently purified in
the form of a crystalline picrate. The substance thus obtained,
known as oryzanin, was found by Drummond and Funk 39°
to be quite ineffective.

The purest preparation hitherto secured is that made by
Hofmeister.11^ He treated rice polishings and rice husks
three times in succession with twice their bulk of 80 % alcohol
in the cold, evaporated the extracts in vacuo, treated the
residue with hydrochloric acid even as strong as 3 %, and
then extracted the fatty matter with ether; the ether was
then driven off in vacuo at a low temperature; a thick syrup
resulted, and this was purified by precipitation with 80 %
alcohol. The filtrate, having been freed from alcohol in vacuo,
was rendered slightly alkaline by the addition of sodium
carbonate, and then precipitated with Kraut's potassium-
bismuth iodide solution, care being taken to avoid the
development of a strongly acid reaction. After five hours,
the precipitate was removed by siphonage, decomposed by
trituration with silver carbonate, and the preparation was
then promptly filtered. The filtrate was freed from silver by
weak acidulation with hydrochloric acid, filtered once more,
and evaporated in vacuo to near dryness. The residue
consolidated to form a faintly tinted, deliquescent mass with
a radiating crystalline structure, and from 5 to 10 milligrammes
of this sufficed in pigeons affected with polyneuritis to remove
the paralytic and convulsive symptoms for from 8 to 10 days.
By the gold hydrochloride method a pure substance could be
prepared from this material, and to the purified preparation
Hofmeister gave the name of oridin (probably a dioxipiperidin),
which however proved quite inefficacious. Hofmeister sup-
poses that the efl&cacy of the crude material must depend
upon the presence of small quantities of some constituent
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which is lost during the process of purification (in that case
it must possess amazing potency). His alternative explana-
tion is that the virtues of the crude material are destroyed
by the purification.

Most investigators, however, in their attempts at the
isolation of vitamin, have recourse to yeast as a more readily
accessible substance. As early as 1910, Schaumann "*
secured an effective extract as follows. Having removed the
fat from the yeast with ether, he extracted the residue with
0 *2 % HC1, precipitated the extract with an abundance of
96 % alcohol, repeated the solution and precipitation, and
finally, washed the precipitate on the filter with alcohol and
ether. Edie, Evans, Moore, Simpson, and Webster,2*0 having
extracted the fat from yeast with ether, treated the residue
with cold 96 % alcohol, and evaporated the alcoholic extract
in an air current. The residue was then dissolved in 0-2 %
HC1, purified by Funk's phospho-tungstic acid and silver-
nitrate process, microscopic crystals amounting to 0-0038 %
of the original yeast being ultimately secured. According to
Schaumann,a3* if the process be arrested at the stage of decompo-
sition of the phospho-tungstic-acid precipitate, an effective
product is secured, but this contains considerable quantities
of an impurity (perhaps cholin) which has a toxic action. He
has therefore modified the process in this way.361 The filtrate
after precipitation of the baryta by sulphuric acid is evaporated
at a low temperature to a syrupy consistency, dried with silica
in a vacuum exsiccator, finely powdered, and steeped twice
in succession for forty-eight hours in absolute alcohol with
three drops of dilute sulphuric acid. On drying this alcoholic
extract, he secured an active crystalline residue, which was
manifestly a mixture. But in this case, as in that of the
rice vitamin, the activity of the preparation was destroyed
in the purification of the separate components of the mixture.
(Cf. Seidell M43.1484.) Funk, moreover, had earlier had the
same experience with yeast vitamin.273 He had isolated from
the crude vitamin three crystalline substances, one of which
appeared to be nicotinic acid, whilst the other two were
nitrogenous substances of high molecular weight.

Vedder and Williams,a84 in their experiments with rice
bran, had found that the vitamin in the natural product must

a
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certainly -exist in a combined form, probably as the union of
a pyrimidin base with nucleinic acid, for the full efficacy of
the extract was not developed until after hydrolysis. They
found, also, that Funk's method of preparation must be
attended with great losses, for the original hydrolysate was
from twenty to twenty-five times more effective than the
vitamin that could be extracted from it.

In the case of yeast, likewise, it appears that the full
efficacy is only developed after the autolysis of the yeast.
As a rule, therefore, in subsequent investigations autolysed
yeast has been used as raw material, and here again Williams
and Seidells60 noted that the crystalline crude vitamin lost
its efficacy completely during the process of recrystallisation.
Abderhalden and Schaumann 8o3 subsequently prepared an
effective crude substance by simply precipitating the alcoholic
extract of the hydrolysed yeast with acetone or mercuric
chloride.

Sugiura776 reports an entirely new way of obtaining
vitamin. He puts the dry yeast in a collodion bag, and fills
up with water, or better with 5 % sodium-chloride solution.
The vitamin gradually makes its appearance as a crystalline
powder on the outer surface of the bag, and can be secured
by merely brushing it off. I am not aware that this method
has been checked by any other observer.

Osborne and Wakeman978 attempted to secure an active
highly concentrated crude vitamin in an extremely simple
manner. They gradually scattered dry yeast into boiling
water to which ten cubic centimetres of 1 % acetic acid had
been added. After two minutes* boiling, the whole was
centrifuged, and the yeast was washed once more with water
acidulated with acetic acid. The purified solution was
gradually diluted with alcohol, and precipitates were secured
with a content of 52 %, 79 %, and 90 % of alcohol by weight
respectively. The bulk of the vitamin was in the second
precipitate, and represented about 6 % of the total dry matter
in the yeast. Recently Frankel and Schwarz X3*3 have
attempted to secure vitamin in a pure state, but with the
aid of a quite unsatisfactory control process. Having made
an alcoholic extract of yeast, they removed the fatty matter
with ether and precipitated the residue with lead acetate*
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The filtrate was freed from lead with sulphuric acid, and
precipitated with concentrated mercuric chloride solution,
the precipitate being then treated once more with sulphuric
acid. The filtrate from mercuric sulphate was freed from
sulphuric and hydrochloric acids with lead oxide and silver
carbonate, and then concentrated in vacuo. By degrees,
there crystallised out a substance, which, however, proved
inactive. The highly active mother solution was purified
with picrolonic acid, the filtrate was precipitated with a
sufficiency of phospho-tungstic acid, and the precipitate
decomposed with baryta water. The filtrate was freed from
baryta^ by the addition of 50 % sulphuric acid, refiltered,
and concentrated in vacuo. The yield was 0*2 % of a very
active syrup. Attempts to extract the free base from this
by treatment with amyl-alcohol after alkalinisation with
bicarbonate, were fruitless.

A somewhat new method has been adopted by Myers
and Voegtlm,IX44 who omitted the precipitation with phospho-
tungstic acid. Dried yeast was powdered, and boiled repeat-
edly in methyl alcohol containing 1 % of concentrated hydro-
chloric acid, the alcohol was distilled off, the residue was
dissolved in the smallest possible quantity of 1 % hydrochloric
acid, the solution was shaken up with ether, and the chlorine
was then precipitated with hot aqueous silver acetate solution.
The filtrate was treated with a considerable excess of silver
acetate solution, and baryta water was added until an
alkaline reaction began to appear. The resulting precipitate
was decomposed with sulphuric acid and sulphuretted
hydrogen, the solution being freed in the ordinary manner
from these two ingredients, and then concentrated in vacuo.
From the concentrate, histidin and similar substances were
precipitated with mercuric sulphate, and the filtrate was then
treated with absolute alcohol. The resulting precipitate was
first freed from mercury by the use of sulphuretted hydrogen,
then freed from sulphuric acid by the use of lead acetate, and
finally freed from lead by the use of sulphuretted hydrogen.
When the liquid was concentrated in vacuo in the presence
of caustic soda, spindle-shaped crystals gradually formed,
and these were extremely active. If, however, the crystals
were removed from the mother liquor, and an attempt made
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to purify them by washing with absolute alcohol, they
completely lost their activity and became transformed into
prisms.

We see, then, that there is no difficulty in preparing
effective extracts from various foodstuffs. But the purification
of these extracts is attended with a notable loss of material,
and the activity of the preparation seems to disappear at
the very moment when the last stage on the way to purity
is reached. The meaning of this remarkable behaviour will
be considered later.

3. THE PROPERTIES OF FUNK'S VITAMINS.

All that we as yet know concerning the antineuritic principle
assures us that it is readily soluble in acidulated water or
alcohol. In pure water, or 95 % alcohol, it is soluble with
great difficulty, so that these menstrua extract it quite
incompletely. In absolute alcohol, ether, acetone, benzol,
benzin, chloroform, and acetic ester, it is quite insoluble;
and yet McCollum and Simmonds 67° make the remarkable
assertion that acetone, though it cannot dissolve vitamin
directly out of plants, can dissolve it out of the concentrated
alcoholic extracts of these. The same authorities declare
that when vitamin has been precipitated by dextrin and
alcohol and the precipitate dried, the vitamin can be extracted
from this precipitate by benzin. Should the statement be
confirmed, we shall have a far simpler method of isolation
than the laborious and wasteful procedures hitherto employed,
namely precipitation by phospho-tungstic acid, silver, or
mercury.

Chamberlain, Vedder, and Williams *96 were the first to
notice the absorption of vitamin by animal charcoal. It is
possible that this might be made the basis of the method for
its isolation; but we have to note that these authorities
declare that the vitamin cannot be re-extracted from the
charcoal either by water, alcohol, or ether. .Various
writers 537* 56°. 66* have noted that vitamin can be absorbed
by either purified or ordinary fuller's earth. On the other
hand Emmet and McKim 666 tell us that silica does not absorb
it. Another observation, which may lead to a comparatively
easy method of purification, is that made by VoegtlinS™
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that mastic emulsion will absorb vitamin. This is especially
important in view of the fact that Voegtlin and White
have noticed that adenin and kindred bases are not taken
up by this absorbant. From such an absorbate, by dissolving
it in benzin and shaking it up with acidulated water, a fairly
pure product could be speedily obtained.

The enormous losses attendant on the various methods
of purification do not seem to depend only upon the peculiar
instability of vitamins. Perhaps the main reason is that
vitamin is, as Cooper *69 tells us, precipitated from its solutions
in conjunction with any precipitate of a nascent metallic
sulphide. When we remember that attempts to purify
vitamin always entail its precipitation as a double salt of
silver or mercury and its subsequent freeing from the metal
by treatment with sulphuretted hydrogen, or else that the
solutions are purified by treating them with lead salts and
subsequently precipitating the lead with sulphuretted hydrogen,
it will be readily understood that extensive losses cannot
fail to ensue.

Vitamins are not precipitated from acid solutions by lead
acetate, calcium chloride, barium chloride, or silver salts ;
nor from alkaline solutions by phospho-tungstic acid. On
the other hand when the vitamin solution has been rendered
alkaline by baryta water, the vitamin is precipitated both
by barium chloride and by silver salts; and in the foregoing
section we have frequently noted that it is precipitated by
phospho-tungstic acid in solutions weakly acidulated with
sulphuric acid. According to Schaurnann,1*2 copper acetate
induces abundant precipitation in the crude vitamin solution,
but inasmuch as Funk305 tells us that no precipitation is
induced by copper salts in purified solutions of vitamin, the
precipitation observed by Schaumann must have depended
on the presence of impurities.

Regarding the reaction to mercury salts, Osborne and
Wakeman 978 state that vitamin is precipitated by mercuric
chloride, whereas Myers and Voegtlin IJ44 actually free vitamin
solutions from other bases by the use of mercuric sulphate.
Probably the precipitation observed by Osborne and Wakeman
was likewise due to the presence of such bases as adenin,
histidin, etc, as impurities.



n 8 VITAMINS

According to Tsuzuki, Shimamura, and Odake,510 vitamin
forms precipitates with picric acid and with tannic acid.
According to Osborne and Wakeman 97& the precipitation with
picric acid does not occur unless the reagent is added in
suitable excess.

The vitamins are dialysable/S6* l8* and are comparatively
resistent to acids. Dilute sulphuric, hydrochloric, and nitric
acids, have no effect on them, and according to Schaumann
vitamin is unaffected by long treatment with 10 % sulphuric
acid. On the other hand, most investigators agree in stating
that it is very sensitive to an alkaline reaction, especially to
caustic alkalies. Still, even by these, vitamin is not instanta-
neously destroyed; its destruction requires a time which
varies in accordance with the concentration of the alkali,
But there are two observations sharply conflicting with these
statements. According to Williams and Seidell,56° the absorb-
ate into fuller's earth is insensitive to alkali, and the
vitamin can actually be extracted from the absorbate by a
dilute alkaline solution. Daniels and McClurg 834 tell us that
the vitamin in haricot beans, soy beans, and cabbage will
even resist superheating (1200 C.) in the presence of sodium
bicarbonate. In this instance we are not told whether the
amount of sodium bicarbonate added was sufficient to make
the menstruum markedly alkaline.

Reports concerning the sensitiveness of vitamins to heat
are contradictory. According to Fujitani i a i the vitamin of
rice is destroyed by prolonged heating of the rice bran at
ioo° C. Funk 3*3 reports that the boiling of milk suffices to
reduce its vitamin content, and the same authority 334, as

,. also McCollum and Davis 455 agrees in stating that casein no
longer contains vitamin after it has been boiled. Abderhalden
and Lampe a89 report that fowls fed on rice become affected
with polyneuritis sooner when the rice is boiled than when
it is raw; but Funk 357 points out in this connexion that
fowls consume a larger quantity of boiled rice than of raw,
and we have repeatedly noted that an excess of carbohydrate
food accelerates the onset of polyneuritis. When the fowls
are given a definite ration of rice, it does not matter whether
the grain is boiled or raw.334 A remarkable observation is
that of Hoist, who found that fowls fed on boiled potatoes 6*
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became affected with polyneuritis, whereas fowls fed on dried
potatoes 65 developed scurvy. The vitamin would seem,
therefore, to be thermostable in comparison with the
complettin C.

Higher temperatures definitely injure vitamin. Weill
and Mouriquand,47<>, 495 Voegtlin,536 Hogan,646 and Hopkins
and his collaborators Io66 agree in reporting that an exclusive
diet of cereals, meat, or vegetable foods that have been
sterilised at 1200 C, invariably gives rise to polyneuritis.
Weill and Mouriquand 497 noted the same thing in the case of
sterilised unhulled rice; and it has also been noticed in the
case of sterilised maize.632

Various observations seem, however, to conflict with the
foregoing statements. According to Chick and Hume 596

yeast containing 65 % of water loses no more than an insignifi-
cant amount of its protective influence through being kept
for one hour at a temperature of ioo° C. They say that the
vitamin in the wheat germ can bear without damage two
hours' exposure to a temperature of ioo° C, but at 1200 C.
it is rapidly destroyed. In the already quoted paper by
Daniels and McClurg we read that the vitamin in haricot
beans, soy beans, and cabbage will bear heating for half an
hour at ioo° C, and even at 1200 C, although bicarbonate of
soda has been added; but after this treatment most of the
vitamin has passed into the water. According to Rohmann,47*
the baking of food for one and a half hours does not destroy
the vitamins. Barsickow3<>4 reports that yeast that has
been heated to 1200 C. is still able to cure polyneuritis ; and
Figueira IO46 succeeded in curing beriberi with sterilised beans.
According to Osborne and Mendel, 102 boiled meat still contains
considerable quantities of vitamins. The conflict of evidence
is explained when we recall that in the sterilisation of large
masses of compact foodstuffs, after exposure for one and a
half hours to 1200 C, the heat in the centre does not exceed
700 C. Bidault and Couturier I25° found that by the cooking
of meat the vitamin content was markedly diminished when
the temperature of the joint reached 900 C. in the centre, and
that the curative efiect of meat in beriberi declined notably
as the duration of the exposure to heat increased.

As a supplement to the above it may be mentioned that
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Funk 5" found radium to have no effect upon the activity
of vitamin; and that Zilva 9l6 makes a similar report as
regards ultraviolet light.

Not much is known regarding the colour reactions of
vitamin. What seems to be a fairly pure preparation assumes
a deep blue colour when treated with phsopho-molybdic-
phospho-tungstic acid ; but it gives no colour reaction with
phospho-tungstic acid alone in acid solution 488 • whereas
when rendered alkaline with soda solution, a blue tint
develops.56° We must remember that these reactions are
common to a very large number of substances, so that we can
confidently assert that they are not specific, and we may
with considerable probability attribute them to the presence
of impurities.

In the foregoing we have seen how extraordinarily difficult
i t is to prepare a vitamin that is even moderately pure.
Hence our knowledge of the composition of the vitamins is
scanty The literature of the subject, for instance one of
Schaumann's papers,IW contains elementary analyses of
active preparations, but it is obvious that these latter were
impure, so that the results of such analyses do not justify any
inferences as to the real composition of the vitamins.
Fiink/SS, 205 who secured his vitamin as a nitrate, gives its
composition as 55-63 % C, 5-29 % H, and 7-68 % N, deducing
the formula C7Hl6N03'HNO2. He regards it as a pyrimidin
derivative, and considers it to be either a constituent of
nucleinic acid or to be combined with nucleinic acid. There
is much evidence in support of this view, especially the state-
ment of Chamberlain and VedderJ56 that vitamin is formed
from the decomposition of bean protein, and also the frequently
observed fact that autolysed yeast has a more powerful action
than yeast in the original state. Hofmeister IIJ3 gives a similar
composition for his oridin hydrochloride. The formula is
C5HxxNOa • HC1. I t has a melting-point of 2400 C, and may
perhaps be a dioxypiperidin. Perhaps connected with this
is Abderhalden and Schaumann's observation 8o3 that among
the hydrolysis products of autolysed yeast there was
" aschamin/' which appeared to be a dimethylpropenylamin.

A survey of the whole series of investigations and of the
attempts to obtain the antineuritic principle in a pure state
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makes it perfectly clear that we have not to do with one single
vitamin, but with a whole class of more or less similar com-
pounds. In one of his subsequent publications 273 Funk
reports that he has been able to isolate from rice hulls two
nitrogenous products, one of which seems to have been nico-
tinic acid, whilst the other appeared to have a far more complex
composition than had hitherto been supposed, the formula
being C26H2ON409. From the extract of autolysed yeast he
secured, in addition to nicotinic acid, two other bases, with
the respective formulas C24HI9N5O9 and C29H23N5O9.

When it became clear that these active bodies whose
absence was attended by the occurrence of polyneuritis were
nitrogenous, it was natural to think of studying the relationship
to neuritis of the other nitrogenous compounds known to
exist in the animal body or to be frequent constituents of
the food. Thymin, cytosin, uric acid, and guanin,265, 317 also
cholin,*84> 361 purin,*84 neurin, and betain,3*i arginin, asparagin •
histidin, and other amino- acids, J96 and adrenalin,289 proved
quite inactive in this respect. On the other hand a number
of substances were found competent to postpone death from
polyneuritis for days or hours, though not positively curative
like vitamin. Thus strychnine 3« delayed the fatal issue;
and chinin and cinchonin, in contradistinction to cinchonidin,
had at least a transient efficacy.*^ According to Abderhalden
and Lampe,289 allantoin was inactive ; but Funk 3*7 states
that its administration was followed by definite improvement,
so that life was prolonged for two or three days. Hydantoin
actually prolonged life for nine days. According to the same
authority uracil led to an alleviation of the paralyses, and
prolonged life for from two to six days. Whereas Williams and
Seidells^o declare adenin to be quite inactive, according to
Funk, this substance, and also hypoxanthin and xanthin,
though they have no effect on the paralytic symptoms, can
nevertheless prolong life in pigeons for from thirty hours to
five days. Paraxanthin had a certain antineuritic effect on
one occasion, but in three other cases was inactive. Thymo-
nucleinic acid led to marked improvement, and prolonged
life for from nine to fourteen days, whereas yeast-nucleinic-
acid gave only a four-days1 respite. Schaumann, who noted
that yeast-nucleinic acid had a definite, though transient,
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beneficial effect, 73, «* is, however, right in insisting* that in
view of the great variations in the duration of life in such
cases, a brief retardation of the fatal issue can hardly justify
any inferences. Nor has the intensity of the paralytic symp-
toms much significance, for these vary greatly from case to
case.361 The same criticism applies to the observation of
Abderhalden and Ewald,683 that atropin, in contradistinction
to pilocaxpin, seems to mitigate the attacks to some extent.

Weight must, perhaps, also be ascribed to the objection
which Cooper 269 has made to Ms own experiments on the
effect of chiTnn and cinchonin. He found that these sub-
stances could sometimes relieve the paralytic symptoms, but
that they were quite ineffective in this respect when they had
first been kept for six houis at a temperature of 1250 C. He
infers from this that in the manufacture of the quinine bases
traces of vitamin from the cinchona bark sometimes cling to
the product, and this impurity gives the bases an illusory
appearance of activity as antineuritics.

Funk 974 had entirely unfavourable results with phloridjzin,
and also with adrenalin, thyroid extract, and parathyroid
extract, which all hasten the onset of the disease, increase
the loss of weight, and sometimes hasten considerably the
fatal issue.

New parths of enquiry were opened when Funk published
Ms supposition that vitamin was a derivative of pyximidin,
and still more when he was able to detect nicotinic acid among
the constituents of crude vitamin. He ascribes the curative
effects of rice vitamin and yeast vitamin to the compound
formed by nicotinic acid with one of the bases of the vitamin.
It. R. Williams 481, 513, etc" repeated Funk's attempts to
obtain the vitamin in a pure state; but the only pure product
he succeeded in isolating from Funk's vitamin mixture with
a melting-point 2330 C. was, once again, nicotinic acid. He
then began experimental dosage with kindred substances.
Pure trigonellin (methylbetain of nicotinic acid), p-oxynicotinic
acid and nicotmc-atid-nicotine-ester gave quite indefinite
results. Somewhat better curative results iollowed the
administration of ill-defined condensation products of oxy-
nicotinic acid with phosphoric pentoxide or acetit anhydride.
As far as any antineuritic influence could be ascribed to
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/}-oxypyridin, a-methoxypyridin, a-methylpyridon, trigonellin,
nicotinic acid, and betain, this was manifestly associated with
the presence of a betain group in the preparation, so that
Williams was inclined to believe that some such group must
exist in. vitamin. In further experiments, a definite improve-
ment in the paralytic symptoms of pigeons suffering from
polyneuritis was secured by a-oxypyridin and by 2-, 4-, 6-,
and 2-, 3-, and 4-trioxypyridin. Inactive were nicotinic acid,
cinchomeronic acid, chLnolinic acid, 6-oxynicotinic acid,
citrazinic acid, glutazin, and the anhydrides of 2-, 4-, and
6-tiioxypyridin and tetraoxypyridin. Williams went on to
make j.n observation which is likely to be of great importance
in the further study of vitamins. He found that the effective
substances lost their efficacy very soon after they had been
prepared. He inferred from this that these substances, on
keeping, underwent a metamorphosis from the active form
into a tautomeric inactive form. He was, indeed, able to
prove that a-oxypyridin exists in two keto-forms and one
enol-form, and that only one of these three, the keto-form
which crystallises in needles, has a marked antineuritic effect,
the enol-form in particular being" quite inactive. Similar
relationships obtain in the case of jS-oxypyridin y-oxypyridin,
y-hitidin, and the anhydrides of methylpyridon, trigonellin,
and betain. In the case of these substances, only the
corresponding forms have a curative influence, and indeed
the last three have no protective influence of any kind.
The protective form seems to be a pseudobetain form,
and it is a matter of the utmost importance that the
animal organism is not competent to metamorphose the
inactive form into the active form. Williams supposes that
the leading characteristic of the vitamins must be a com-
pound which in respect of its structure or of its energy-content
is closely akin to such a pseudobetain ring. Compounds of
this kind may form part of most of the simpler nitrogenous
sntstances contained in the animal organs. Especially they
may be present in the nuclein bases ; and it seems likely that
Funk's vitamins owe their efficacy, in part at least, to some
such pseudobetain form of nicotinic acid. Williams' account,
of the various forms of the oxypyridins was confirmed by
Harden and Zilva, who, however, could not find that these
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substances had any beneficial effect in cases of polyneuritis.
Further researches must be undertaken before this problem
will be ripe for a decision.

The investigations of Hofmeister, who found that^ the
active preparations contained at least traces of impurities,
and that the activity of these preparations disappeared when
the purification was advanced a stage, seem to justify the
supposition that vitamins are unstable substances which are
capable of being preserved in a labile form as long as certain
impurities are present, but undergo a metamorphosis into a
stable form as soon as these impurities are removed. Hitherto
we have paid too little attention to this possibility, vftdch. is
likely to prove of decisive importance in the further study
of the vitamins.

4. OCCURRENCE OF THE VITAMINS.

Vitamins are present in almost all anmial and vegetable
substances used as food. In the animal body they are less
abundantly stored in the muscles (which, when fresh, always
contain a sufficiency) than in the parenchymatous organs.
In plants we find them especially in the leaves and other
green parts, that is especially in the vegetative organs; whereas
the parts used by the plants for storage, such as bulbs, tubers,
and roots, contain them in less abundance. Still, the amount
of vitamin in potatoes, for instance, is so large that even
boiled potatoes are useful, not merely as a remedy, but also as
a prophylactic. Fruit, too, in the kitchen sense of the term,
is rich in vitamin, and so are seeds. Within the individual
organs, the vitamin content of the various tissues differs
greatly. Especially does this apply to seeds, whose endosperm
contains so little vitamin that its use as an exclusive diet,
or even as a predominant constituent of the diet, is the
characteristic cause of beriberi. The giams, of seeds are
especially rich in vitamin. In like manner" %e vitamin
content of eggs, which are the animal counterparts of seeds,
is concentrated mainly in the yolk.

We can readily understand, therefore, how harmful it is
when, in lands vhere bread forms the staple diet, the demands
of a crazy standard of luxury should lead people to consume
bread made only of endosperm. We have already learned that
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in North America epidemics of beriberi have followed the
use of such bread. We saw also that in 1911 the Japanese
maintained that the spread of the railway system in their
country must be responsible for the increase of beriberi along
the new lines of communication. Since there had been no
change in the mode of life of the Japanese peasants, these
scientific authorities believed that the diffusion of an infective
agent was responsible. But they overlooked the fact that,
thanks to railway developments, the peasants had not merely
acquired increased facilities for marketing their own agri-
cultural produce, but had also become contaminated with
the refinements of urban life, and had heen provided with
financial resources enabling them, to buy polished rice milled
in the towns and to abandon the use of the partially hulled
rice formerly prepared in their own hand mills and foot mills.
WillcoxI0*5 has shown that among the European troops in
Mesopotamia during the recent war (men who were fed mainly
on meat, and on bread made from the finest wheaten flour),
epidemics of beriberi repeatedly occurred when circumstances
made it necessary to replace the ration of fresh meat by tinned
meat. The fine white flour contained extremely little vitamin,
which was, however, sufficient when supplemented by the
vitamin in fresh meat; but when the meat had been sterilised
hy prolonged exposure to heat (probably the juices of the
meat, and therewith the vitamins, J383 had also been removed
by pressure) the supply of vitamin was altogether inadequate.

Apart from these canning processes, the vitamin content
of food can "be so greatly reduced by excessive sterilisation
or by some other faulty method of preparation (as by throwing
away the water in which the food has been boiled) that it
is no longer adequate to prevent the onset of polyneuritis.
Over-roasting, likewise, can seriously reduce the vitamin
content of meat, although the other vitamins in the diet will
in general make good the deficiency. If, however, in such
cases the amount of food taken be reduced owing to axnite
indigestion, or if the bodily requirement be increased by the
onset of some febrile disorder, or the like, the vitamin content
of the food may no longer suffice the needs of the weakened
"body, and there may ensue, if not beriberi, at least a more
or less marked attack of polyneuritis. Such cases are
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commoner than is generally supposed, especially in Europe,
but owing to defective knowledge of their etiology they are
apt to be confounded with other diseases.

Amongst the poorer classes of the population, such occur-
rences are fairly easy to interpret, but it is noteworthy that
attacks of polyneuritis are by no means rare in Europe among
well-to-do persons belonging to the cultured stratum of
society. If in such instances we investigate the causes of
the disease we shall usually find that the patient has recently
had an acute gastric or intestinal disorder. He has thereupon
beea prescribed a very rigid diet, consisting of food that shall
be easily digestible and simultaneously as " nourishing " as
possible. In consequence of this the stomach and bowel
haw beta increasingly disaccustomed from their proper
tasks—tht patient, who is usually a neurasthenic, paying

...sedulous, attention to the behaviour of .his body.all the while.
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as minor digestive troubles, disinclination for work, and a
proneness to excessive fatigue. By degrees, weakness in the
legs and unsteadiness of gait appear. Paraesthesia is noticed
in the nerves of the lower extremities, and circumscribed
anaesthetic areas can usually be discovered in various parts
of the skin below the knee. The knee-jerks, which are apt
to be somewhat exaggerated in the initial stage, are by now
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disappearance of the patellar reflexes, extensive hyperaesthesia
of the skin, and severe paraesthesias of various kinds, these
symptoms indicating grave disorders of muscle and nerve.
Only in the later stages do we find complete anaesthesia and
reaction of degeneration. Intelligence is unimpaired to the
last, although fits of depression are frequent, and where
predisposition exists even mental disturbance may ensue.
The later stages are always attended by profound apathy.

b. Pathological Anatomy.
If we examine the nerves in human beings that have died

of beriberi and in animals that have succumbed from
polyneuritis, we usually find marked degeneration of the
finest nerve endings—a degeneration gradually spreading
towards the centre, and ultimately showing itself in the spinal
cord and even in the brain. In the peripheral nerves, the
changes consist of degeneration of the medullary sheaths, and
of degeneration and subsequent complete destruction of the
axis cylinders, until in the end the latter are completely
replaced by nucleated neuroplasma cylinders, which Diirck
regards as a nervous matrix tissue. This view is doubtless
correct, for even though complete restoration of the nerves
may take a long time, the administration of vitamin will
reestablish nervous functioning in a marvellously short
period. Moreover, we frequently find extensive degeneration
in nerves supplying muscles that have been working quite
satisfactorily.

The next most striking feature to the pathologist is the
atrophy of the muscles in the affected parts of the body, in
which sometimes a typical myositis can be noted. The atrophy
is distinguished from the ordinary atrophy of inanition by
definite signs of degeneration : the cross-striation is obscured;
the sarcolemma sheaths have often burst ; their contents are
softened, contain fat-droplets, and have here and there exuded
from the sheaths. The nuclei of the muscle cells are markedly
increased in number.

Similar conditions are observable in severe attacks of
neuritis due to other causes, and notably in those dependent
on intoxication. Hence it has been widely believed that the
disease must be a primary polyneuritis due to intoxication.
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Nocht,74 however, pointed out as long ago as 1908 that there
are certain fundamental differences between the degeneration
typical of toxic neuritis and that typical of beriberi, and he
therefore considered that the nerve degeneration of the latter
must be regarded as purely atrophic. This theory is supported,
above all, by the fact that even in the nerve bundles that
are most gravely affected, certain fibres still appear intact,
whereas in toxic degeneration all the fibres of a nerve are
simultaneously affected.

Medical observers in general are of opinion that the nerve
degeneration is the primary lesion, and that the atrophy of
the nmscles is merely a consequence of this. In my opinion,
there are important grounds against such a conclusion.
First of all, atrophy of the muscles, with subsequent degenera-
tion of the muscular fibres, frequently occurs before there is
any visible lesion in the nerves; and, secondly, the nerve
lesions are not proportional to the severity of the pareses or
paralyses. It is true that Koninger 7 maintained in 1884
that the nerve lesions were primary, and that the typical
symptoms of the disease did not appear until after the onset
of the nerve lesions. Vedder and Clark,^, 307 again, who
studied the lesions in the brain, deny the peripheral nature
of the disease, and consider that the primary source of the
symptoms is in the central nervous system. But these same
observers, and also Eijkman, Cooper,3JI and Schaumann,3i<>
have repeatedly insisted that there is no demonstrable connec-
tion between the intensity of the paralysis and the degree
of nerve degeneration. Attentive study of published cases
shows that there have been many in which severe pareses
or complete paralyses occurred, cases which proved fatal,
without there being any nerve lesions discoverable on post-
mortem examination; or at most there was a degeneration
of the medullary sheaths, but in cross-section of the nerves
no degeneration of the fibres could be detected. On the
other hand, cases are frequently encountered in which the
nerve lesions are most extensive, so that hardly a single healthy
fibre can be detected even in the big nerve trunks, and yet
before death no paralyses have been noticed and hardly
even slight pareses.
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c. The Forms of the Disease.

We must infer from these considerations that we are
concerned, not with conditions that bear a causal relationship
one to the other, but with parallel manifestations of a common
cause. The pareses and paralyses are obviously not a conse-
quence of the nerve lesions ; or, at any rate, are not necessarily
so, for they can just as well be explained as the outcome of
a primary affection of the muscles. Indeed, some have
attempted to argue that the nerve degenerations, when these
are slight, are a consequence of the degeneration and the
putting out of action of the muscles supplied by the ^affected
nerves.

The most probable explanation is that the nerves and
; the muscles degenerate and atrophy more or less simultane-
ously owing to some defect in nutrition. This theory is sup-
ported by the fact that the disease is always introduced by
a marked falling off in weight, and we have already learned
that both the nitrogenous balance and the total-ash balance
are negative long before the outbreak of the illness.

In association with cases of beriberi of the type we have
been describing, known as dry beriberi, we frequently
encounter instances of the so-called wet beriberi, cases
characterised by oedema. The oedema, like the pareses,
appears distally, spreading upwards from the toes or from
the finger-tips. Gradually the entire lower extremities are
invaded, then the lower part of the trunk, then the thorax
and the neck, until ultimately the face may be so much swollen
that the features become unrecognisable; hydropericardium,
too, is exceedingly common. In this form of the disease,
there is usually cardiac dilatation without valvular lesions
and without hypertrophy. The pulse is regular, but feeble
and frequent. In prolonged and severe cases, when the heart
is overworked, there may be actual insufficiency at the dilated
cardiac orifices, and murmurs may become audible. The
urine is always greatly diminished, rich in urates, but usually
free from albumin and casts, this showing that there is no
renal irritation. In wet beriberi, the muscular atrophy is
necessarily masked by the dropsy, and even the pareses may
be more or less obscured. If, however, by rest in bed and
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suitable diet, the dropsy be relieved, it becomes plain that
muscular atrophy is present in such cases also. When the
treatment is successful, there is an enormous discharge of
urine, the oedema disappears with marvellous rapidity, and the
patient now presents the typical picture of atrophic beriberi.

Sometimes we encounter a third type of beriberi, which
should really be regarded as an aggravated form of dropsical
beriberi. Whereas the normal course both of atrophic and
of dropsical beriberi is chronic, so that the cases sometimes
last for years, the acute cardiac form of beriberi is very rapid
in its onset, and may even terminate fatally in a few hours
from l^eart weakness. The exciting cause is, as a rule, some
sudden demand upon the energies, as through very unusual
bodily or mental exertion, the onset of an acute disease, or
a major operation. There promptly ensues a feeling of serious
illness, with extreme precordial anxiety, greatly increased
frequency of the breathing (which is convulsive and anxious),
marked cyanosis, violent retching, and sometimes haemate-
mesis. The temperature is usually normal, the pulse is full
but compressible and extremely frequent, with a lowered
blood pressure; the heartbeat is violent, conveying a shock
along the great bloodvessels. A natural consequence of this
condition of the circulation is a marked reduction in the
urinary excretion, culminating in suppression of urine and
the onset of widespread oedema. Death takes place in
collapse, with diaphragmatic paralysis, pulmonary oedema,
a galloping pulse, and in many cases a clouding of the intelli-
gence ; in some instances, death takes place in coma.

If we wish to analyse the etiology of beriberi, we have
to reckon with three main groups of symptoms. Most
characteristic, in my opinion, are the atrophy and degeneration
of the muscles, leading to the pareses or paralyses. Secondly
we have to consider the nerve degeneration, which we shall
incline to regard as a contributory cause of the paralytic
symptoms only when the nerve degeneration is strongly
developed—unless, indeed, we accept the view of many
authorities who hold that the pathogenic factors give rise to
a disorder of nervous functioning long before any anatomical
changes have taken place. It seems to me difficult to credit
the existence of such a functional disorder, seeing that the
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reports of experimentalists repeatedly mention that the
conductive power of the nerves for stimuli was retained. The
third group of symptoms comprises the cardiac weakness
and the onset of oedema.

6. ANALYSIS OF THE MORBID MANIFESTATIONS.

a. Significance of the Symptoms.

In the previous section we have learned that these three
groups of symptoms may occur almost independently each
of the other, although muscular degeneration appears to be
a constant feature of beriberi. It is invariably present, also,
in the polyneuritis artifically induced by an ill-balanced diet,
but this form of the disease is almost always characterised
by the presence of more or less oedema. Some investigators
affirm that the following three types can be distinguished
among cases of polyneuritis: simple neuritis; neuritis
accompanied by general enfeeblement; and extremely acute
polyneuritis without neuritis properly speaking but character-
ised by grave debility. As regards the first of these, which
is rare, I cannot help suspecting that atrophy is really present,
but is masked by the oedema. For in experimental poly-
neuritis, also, we invariably find that the other symptoms do
not appear until great bodily wasting has occurred, amounting
to from 23 % to 30 % of the weight. Many authors have
been disposed to refer this wasting to a loss of appetite in
animals kept upon an ill-balanced diet. In answer to this
contention, it has repeatedly been shown that the loss of
weight usually begins directly the experimental animal is
put on the pathogenic diet, and may be considerable before
there have been any signs of a loss of appetite. Even when
Chamberlain, Bloombergh, and Kilbourne *45 had recourse to
forced feeding (cramming), they found that the onset of
polyneuritis was always preceded by a loss of weight amounting
to at least 21 %•. It is true that in Fraser and Stanton's
experiment, in which forced feeding of pigeons with polished
rice was practised,™* the weight of the birds remained almost
constant—with the result, we may parenthetically remark,
that the onset of polyneuritis was speedier than ever. No
post-mortem examination appears to have been made in
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these interesting cases, but it seems not unlikely that the
body-weight was maintained, partly through oedema, and
partly through the putting on of fat, although grave muscular
degeneration may have ensued. However this may be, the
conditions were so exceptional that Fraser and Stanton's
experiment cannot help us to decide the problems of etiology
in the absence of post-mortem examination.

The occurrence of oedema in beriberi is a secondary
symptom, one which has nothing to do with the essential
disease. The eighth chapter of this work is devoted to
malnutritional oedema, and in that chapter we shall have to
refer once more to the onset of oedema in cases of beriberi.
We certainly have to do here, with an intercurrent affection,
and are reminded of the frequent associtaion of beriberi with
scurvy.

If the muscle degenerations and the nerve degenerations
are to be regarded as parallel symptoms running an indepen-
dent course, we may perhaps assume that our food contains
two classes of vitamins, the absence of one of these giving
rise to the nerve lesions, and the absence of the other giving
rise to the muscle lesions. There is much evidence in support
of such an assumption, a notable point being that most
authorities incline to assume the existence of two distinct
classes of vitamins. However, these respective classes seem
to have different effects from those we might expect in accord-
ance with the foregoing assumption. To clear up the matter,
a more detailed examination of the data contained in the
literature of the subject must now be undertaken.

First of all it is necessary to bear in mind the unanimous
testimony of authorities that a natural nutrient, in so far as
it is active at all, does not merely cure this or that symptom
of beriberi or experimental polyneuritis, but relieves the
entire syndrome. In beriberi, for instance, it does not matter
whether we give rice bran, beans, or green vegetables, all of
which are very active remedies, or whether we give one of
the less powerful agents, such as milk. Provided the dosage
of the remedial food be sufficient, a complete cure promptly
ensues. But the results are very different when for curative
purposes we use extracts made from the remedial nutrients
and Schaumann tfl emphasises the assertion that the qualita-
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tive no less than the quantitative effect of such extracts is
less in proportion as the purification of the substance has been
more thorough. Vedder 3*4 points out that crude vitamins
employed as antineuritic remedies are from 20 to 30 times
less effective than the foods from which they were originally
derived containing the same amounts of these substances.
At the same time, the universality of effect has disappeared from
the extracted crude vitamins, and each of these has an effect
peculiar to itself.

That is why so many authorities *84, 375,5*6, 619, 666, 683, 691,
731, 874> 1040,1066, etc j i a v e c o m e t o consider that at least two
vitamins are indispensable for a cure. We may recall the
observation of Funk *73 that the bases he isolated from rice
bran and from yeast respectively were inactive when used
separately, but were able to cure the paralyses when
administered simultaneously.

b. Effects of Funk's Vitamins,
Certain investigators regard the vitamins as active remedies

Thus, according to an early paper by Funk,375 they definitely
cure experimental polyneuritis in animals; Segawa 3*3
expresses the same opinion. The latter, however, noticed
that the marasmus attendant on these cases was not relieved
by the vitamins, and this led him to regard the marasmus
as a secondary symptom, an outcome of the malnutrition
consequent on the lack of balance of the diet. We have
already seen that there are numerous indications against any
such theory. Marasmus is not a secondary symptom in
these cases; it is the first and most fundamental symptom.
Pareses and paralyses are superadded as further characteristics.
Marasmus and the nervous symptoms taken together combine
to form the typical picture of beriberi.

In 1911, lecturing in Berlin, Schaumann for the first time
recounted the experimental evidence to prove the almost
miraculously beneficial effect of vitamins in pigeons paralysed
by polyneuritis. But this cautious investigator pointed out
that the birds' restoration to health was apparent merely.
He said that rice bran must contain other substances which
had to be given in addition to the vitamins if a real cure was
to be effected. In default of these, the animal would die
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notwithstanding the relief of the paralyses. About a year
later, Strong and Crowell ™3 reported that when experimental
animals were fed on polished rice, the addition of alcoholic
extract of rice bran to the diet sufficed to prevent the onset
of paralyses ; and that in animals suffering from experimental i
polyneuritis the extract would dispel paralytic manifestations,
even when severe, within a few hours or days; but the
administration of the extract did not prevent the death of
the experimental animals. Vedder and Clark 23%> 3°7 found
that alcoholic extract of rice bran gave relief only in the
fulminant form of polyneuritis, being then competent to remove
the paralytic symptoms. Later, Vedder and Williams 284
noted that the different symptoms of beriberi required different
vitamins for their cure. The Funk's vitamins precipitable
by phospho-tungstic acid relieved the paralytic symptoms,
and these only; on the other hand, the filtrate after precipita-
tion by phospho-tungstic acid was useless for polyneuritic
paralysis, but had an unmistakably beneficial influence upon
the atrophy. In his important paper of 1914, Schaumann
again and again insists that Funk's vitamins are only of use
to relieve the paralytic symptoms, whereas alcoholic extracts
of bran exert a complete prophylactic and curative influence.

Even more effective than alcoholic extracts of the bran,;
are extracts of rice bran made with water or with weakly
acidulated water. Besides promptly relieving the paretic
and paralytic symptoms, such extracts bring about marked
improvement in the general condition, and lead to an increase
in weight though not to a complete return to the normal^*
An extract of yeast similarly prepared with water containing
o • 3 % of hydrochloric acid acts in the same way, but far
more powerfully. If yeast, after removal of the fat, is first
hydrolysed with 10 % sulphuric acid and then extracted
with water, the resulting extract is found by Schaumann s^
to be peculiarly efficacious against the paralytic symptoms,
both as curative and prophylactic, but it is not otherwise
valuable. In like manner, extracts made from katjang-idjo
beans after predigestion with pepsin and hydrochloric acid
are useless to prevent loss of weight and emaciation though
active against pareses and paralyses. According to Voegtlin
and Towles,365 a watery extract of the spinal cord of
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the ox was effective only against the paralytic symptoms.
Vedder 3°7 noticed that insufficient supplies of vitamin can
tetard the onset of pareses and paralyses, but do not prevent
loss of weight and emaciation ; the period of incubation may
fee prolonged to as much as a year; when death comes at
"fast, it is usually sudden. Schaumann36* had the same
experience. Adding inadequate quantities of alcoholic extract
of yeast to a diet of polished rice, he found that the onset
of pareses was thereby retarded, and yet the loss of weight
was greater than in control animals fed on polished rice
unsupplemented. Still, the animals receiving the yeast
extract lived longer, and (except for the loss of weight)
apparently in good health—until suddenly grave paralysis
supervened, and death soon followed.

c. Differences between the Effect of Funk's Vitamin and that
of water-soluble B or that of water-soluble D.

Williams and Seidells60 report some interesting observa-
tions. In animals fed on polished rice, the fuller's-earth
absorbate from autolysed yeast was administered; thereupon
the paralytic symptoms disappeared, and concomitantly there
was a notable improvement in the general condition. If the
absorbate, before being added to the food, was treated with
dilute alkali, it ceased to affect the general condition, though
it was still competent to relieve the paralyses. In the
original autolysate of yeast (before the fuller's-earth absorbate
had been prepared from it) the effect of alkalies was the
opposite; if the autolysate was allowed to remain in an
alkaline solution for a considerable period, the effectiveness
against the paralyses as a prophylactic and a curative dis-
appeared, but the solution continued to bring about notable
improvement in the general condition of the animals fed on
polished rice. These observations have not been confirmed,
but we know that vitamin is absorbed in a fairly pure state
by fuller's earth; and since this absorption appears to be a
physical reaction in which no decomposition of the vitamin
need be expected to occur, we have theoretical grounds for
supposing that the vitamin in this absorbate will really be
pure. Now Emmet and McKim666 have been able to prove
that in pigeons suffering from polyneuritis the fuller's-earth
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absorbate, though it relieves the paralytic symptoms, is
quite without influence upon the loss of weight and the
emaciation. These authorities therefore infer that the prophy-
laxis or cure of the marasmus requires the presence in the
food of certain hitherto unknown substances, over and above
the vitamins.

Sugiura776 states that both the alcoholic extract of
carrots and the crystalline substance prepared from j^east
in accordance with his method have a powerful remedial
influence in acute cases, as far as the paralytic symptoms
are concerned, but do not relieve the marasmus; in chronic
cases these preparations are of no use whatever. Weill and
Mouriquand 731 likewise found vitamin effective in acute
cases of paralysis only; in chronic cases of beriberi, more
extensive pathological changes must have taken place, changes
which vitamin could not influence. Abderhalden and
Schaumann 8o3 expressly declare that the eutonins (see p. 22)
rapidly and effectively relieve the nervous disturbances, but
otherwise are devoid of beneficial influence; whereas rice
bran and yeast (substances from which eutonins can be
extracted), are strongly curative. It is interesting to note,
moreover, that although an alcoholic extract of yeast 361 can
relieve paralytic symptoms or prevent their onset, its adminis-
tration tends to have unfavourable effect as regards the loss
of body-weight. On the other hand, yeast which had been
extracted with large quantities of alcohol—even four times
in succession—was able to prevent or cure the disease, the
loss of weight in these cases being only from 6 to 7 %.

McCollum and Simmonds 69* have been led by their
researches to believe that only the nervous disturbances are
referable to lack of vitamin. Hopkins and his collaborators Io66

come to the same conclusion.
We have quoted in this connexion no more than a few

extracts from the literature of the subject. The reports of
the other observers all have the same trend, and it is needless
to cite them more copiously. Cooper,*69 whose experience
was similar, attempted to ascertain the minimal quantities
of a nutrient that must be given in order to prevent, in one
series of cases paralytic symptoms, and in another series of
cases loss of weight, on a diet of polished rice.
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Fish was comparatively ineffective. Ten grammes of
pike had no effect either on the paralyses or on the loss of
weight.

Many investigators were, however, strongly disinclined to
admit that there could be other vitally important substances
in the food, substances still unknown to us. The presence
of a fundamentally important substance in fat had been
proved. This was absolutely distinguished from the anti-
neuritic principle by its solubility in fat, and had therefore
become known as fat-soluble A. Stepp 5*7 had given experi-
mental proof that vitamin could not substitute fat-soluble A,
and that the latter could not substitute the former. r Since
all the other essential substances were soluble in water, it

Bakers' yeast
Yolk of egg
Barley, decorticated

„ undecorticated
Bullock's heart
Sheep's brain
I-entils
Lean beef
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3
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5
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2
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6
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was assumed that there was only one vitally essential water-
soluble principle—vitamin. McCollum and his collaborators 490
were loath for a long time to tolerate the supposition that
there are other unknown substances in the food which are
indispensable to life and health. But inasmuch as McCollum's
own work had shown beyond doubt that natural nutrients
contain water-soluble substances essential to growth, American
authorities did not hesitate to identify this growth-factor,
this water-soluble B, with Funk's vitamin. The water-
soluble antineuritic substances and the growth-factor did, in
fact, react similarly in many respects towards heat and other
agents, so that the assumption of their identity did not lack
justification. Eddy 5*4 showed some years ago that, just
like vitamin, the growth-factor could be absorbed from an
extract of pancreas by Lloyd's prepared fuller's earth, and
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could be precipitated by phospho-tungstic acid; and he
proved that both preparations had an antineuritic influence.
Drummond 6l9 arrived at similar results in his study of the
antineuritic principle and the growth-factor in yeast, and he
therefore came to the conclusion that the two substances were
identical. Lecoq IO76 describes the growth-factor as soluble
in water and alcohol, insoluble in fatty menstrua, resistant
to acids, sensitive to alkalies, absorbable by colloidal aluminium
oxyhydrate or iron oxyhydrate, and destroyed by prolonged
heating at 1200 C.

There was, consequently, considerable evidence in favour
of the; view taken by Drummond,874 and by other British
authorities "94. 1554 as recently as 1922, that the water-soluble
antineuritic principle and the complettin B are the same
substance. But the objections to any such assumption are
still stronger. As long ago as 1913, Funk 324 had shown that
a diet may be rich in vitamin and nevertheless inadequate
to promote growth and even to maintain body-weight. Abder-
halden and Ewald 683 and also Abderhalden and Schaumann,8o3
insist that the addition of extracts rich in vitamin to polished
rice does not make of the latter an adequate food, whereas
polished rice supplemented by a sufficiency of extract of
rice bran is able to maintain life upon a normal footing*
Hopkinsaoa had shown as early as 1912 that whereas the
various preparations of vitamin could not sustain growth,
aqueous extracts of bran or yeast promoted normal growth

d. Differences between water-soluble B and water-soluble D

These results might be interpreted as showing that there
is a distinction between vitamin and the growth-factor, but
that the growth-factor is identical with the still unknown
water-soluble substance which is essential in addition to the
vitamins to the complete cure of beriberi and experimental
polyneuritis. Bostock si6 assumes this identity as regards the
active principles in rice, Byfield IJ53 as regards those in orange
juice, and Eddy and Stevenson I2O5 as regards those in rice
bran. wAbderhalden I04° had proved in the case of yeast
that the antineuritic principle, in contradistinction to vitamin
but in conformity with the growth-factor, was practically
insoluble in alcohol. When, however, we carefully study such
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researches as those of Osborne and Mendel concerning the
complettin content of various parts of the wheat grain, a
different result is reached. We have already learned that in
this grain the antineuritic principle is concentrated in the
germ, whereas the pericarp is somewhat less richly supplied
than the germ, and the endosperm contains exceedingly little.
According to Osborne and Mendel, however, in young rats
loss of weight can be prevented when wheat germs are used
as the only source of complettin, but in these circumstances
growth does not occur. Although endosperm contains a
smaller quantity of water-soluble complettins, when given
in conjunction with the germs endosperm can sustain growth
in rats. This observation can only be explained on the
assumption that, as far as the growth-factor is concerned,
the endosperm of the wheat grain must contain more than
the germ. The water-soluble complettins in the germ must
consist mainly of Funk's vitamins and the as yet unknown
water-soluble antineuritic principle. In endosperm, on the
other hand, there must be an adequate supply of the growth-
factor, but Funk's vitamin and the antineuritic principle
must be almost completely lacking.

An observation made by Sugiura and Benedict 98° can be
similarly explained. A diet of bananas and casein is adequate
for the maintenance of lactating rats, especially if supplemented
by the antineuritic principle in the form of yeast added to
the food to the amount of 0.5 %. But the milk secreted in
such a diet does not sustain growth in the sucklings. The
trouble cannot be ascribed to the protein, inasmuch as we have
learned from other experiments that banana protein is ren-
dered adequate by the addition of casein. Nor can the defect
in the diet arise from a deficiency of inorganic nutrients ; for
the abundant supply of bananas is a guarantee that the food
will contain an excess of bases, and although there may be
a partial lack of calcium salts, these could be adequately
supplied from the osseous system of the mother rat. The
observers found that in these cases the addition of 0-5 % of
protein-free milk rendered an adequate production of milk
possible, and they therefore assumed that the milk thus added
must contain some organic substance essential to growth
which had been wholly or partially lacking in the unsupple-
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mented diet. This substance could not be the antineuritic
principle, for there was an abundance of that in the yeast.
It would, of course, be possible to suppose that the antineuritic
principle is able when administered in comparatively small
quantities to prevent polyneuritis and to guard against loss
of weight, but that in order to secure normal growth larger
quantities are requisite than can be supplied by the amount
of yeast actually given. On that theory, the requisite supple-
ment of antineuritic principle had been furnished by the
protein-free milk. We shall see, however, in a moment that
this plausible interpretation is untenable. The experiments
of Oshprne and Mendel "S1 have, in fact, shown that yeast
also contains the growth-factor, so that when the supply of
milk is inadequate, normal growth can be sustained through
supplementing it with small doses of yeast.

Loeb and Northrop 569 found that the growth-factor in
the yeast was far more thermostable than the antineuritic
principle; but whereas the latter was resistant to alcohol,
the former was destroyed by it. However, this observation-
was made on the larvae of flies, and we are hardly justified-
in regarding it as convincing evidence in the case of higher'
animals. A fortiori this criticism applies to the researches of
Emrnet and Stockholm,I2O3 Eddy and Stevenson, I305 Miller,1286

and Whipple,I287 who used yeast as the test object in their
experiments on growth; for subsequent investigations have
shown that the modifications they observed in the growth
of yeast were referable to numerous other factors, such as the
provision of a better mixture of salts, the supply of carbo-
hydrates, etc.

Nevertheless, the researches of Emmet and Luros,120*
who fed pigeons and rats on tmhulled rice, have shown clearly
that there are differences between the water-soluble antineuritic
principle and the growth-factor B. They found that the
antineuritic principle can tolerate one hour's heating at
1200 C. under a pressure of 15 lbs., but that it is partially
destroyed by two hours in an air chamber at the same heat
and pressure, and completely destroyed by two hours' exposure
to the same heat at a higher pressure. In extracts, the anti-
neuritic principle was even more sensitive to heat. The
growth-factor, on the other hand, was not notably affected
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by exposure to the same conditions. McCollum and
Parsons X3«> were led subsequently to a different view, finding
that when milk was boiled, the antineuritic principle was
destroyed more rapidly than the growth-factor.

Funk and Macallum563 tell us that the growth-factor is
less stable and is more readily destroyed than the antineuritic
principle in the process of purification by phospho-tungstic
acid and silver precipitation. We can hardly accept this as
a proof that the two substances are distinct, seeing that the
method is obviously unsuitable for the isolation of the growth-
factor. The method is the one employed by Funk for the
isolation of vitamin, and we may therefore presume that the
terminal product is simply a vitamin containing growth-factor
as an impurity. We are all the more justified in such a conten-
tion seeing that, on the one hand, Funk and Macallum
themselves tell us that the terminal product is very like
Funk's vitamins, and on the other hand other observers have
proved that both the growth-factor and the antineuritic
principle are merely obtained in small quantities as an acci-
dental impurity through precipitation by phospho-tungstic acid.

More convincing, in my view, is the statement of Sugiura
and Benedict 967 that the growth-factor is destroyed by expo-
sure to radium, whereas the antineuritic principle, as we
have previously learned (p. 120), is unaffected thereby. Very
important, likewise, is the fact observed by Verz&r and Bogel I27°
that when growth-factor is subcutaneously injected it has no
effect on either the glandular secretions or the blood-pressure,
whereas the antineuritic principle, as will subsequently be
shown, has a specific influence on the glands.

Summarising all these considerations, we are led to endorse
the view first expressed by Mitchell 979 that the vitamins,
the water-soluble antineuritic substances, and the water-
soluble growth-factors, form three distinct classes.

e. Behaviour of the Glands.

To complete the picture, we must give an account of the
anatomical and physiological effects of a lack of vitamin and
the supply of vitamin. In supplement of what has already
been said it should be mentioned that Funk has found changes
in the brain. In cases of polyneuritis, the brain contains
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considerably less nitrogen and 20 % less phosphorus than
normal.J97 Schaurnann points out that the glands, no less
than the muscles, undergo gradual atrophy. Portier,1]co3
Tan Driel,ri39 and Bierry, Portier, and Randoin,IX97 report,
in conformity with numerous other observers, the same facts. ,
When there is a lack of vitamin, there occurs atrophy of the;
testicles, spleen, ovaries, pancreas, heart, liver, Iddneys,
stomach, thyroid, and brain, the onset being practically in
the order named. In the glands, the parenchymatous tissue;
gradually disappears, being replaced by connective tissue; i
the spermatazoa vanish from the testicles. The secretion of
saliva,, gastric juice, pancreatic juice, bile, and intestinal
juice, declines. In contrast with the other glands, the pitui-;
tary body and the adrenals become enlarged, but the secretion of \
adrenalin is greatly reduced, although the adrenals apparently*
contain more of this substance than usual.

The administration of vitamin rapidly changes the
picture ; the glands resume their secretory activities, and by
degrees the atrophic changes disappear. In young animals,
the testicles, even though they have degenerated so extensively
that the active cells have heen almost entirely replaced by
connective tissue, return to the normal and produce sperma-
tazoa once more.TIO7 With the reappearance of the digestive
secretions, the appetite, which has been in abeyance, returns,
and is often ravenous. Extremely characteristic is an observa-
tion by Fletcher, quoted by Fraser and Stanton.108 At the
height of experimented polyneuritis, "when pigeons refuse
food and are forcibly fed, the rice remains unchanged in the
distended crop. But if, now, a small quantity of rice polishings
be introduced into the crop, the accumulated rice is speedily
dissolved, and the normal powers of digestion return, with a
revival of appetite. Uhlmann,63^ 755 using the commercial
preparation known as orypan,884 has made a detailed study of
the effects of the administration of vitamin in birds and
mammals suffering" from experimental polyneuritis. In
general, he found that vitamins have the same effect whether
administered "by mouth or by subcutaneous or intravenous
injection. Above all, there is a powerful stimulation of the
parasyrapathetically innervated glands, the action resembling
(though not identical with) that of pilocarpin, mnscarinJ or
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cholin, and similarly arrest rtl by atfMjnn. A<> j a r h * til.tr
effects, Uhlmann tviws i*> i u n v a x n i M-nriirm --! n.4-4 nut, >yu

tears, sweat, saliva, ga.strir jm«:«-, In!*.*, jv.ui ^-.iia« imn-, ,m4
intestinal ju ice ; in fr^nrt »4 th r 1-r-t f-'nr -<i^i t - i r . , hi-,
observations h a w Imn vnt\imw<i hv V**n;!jm a a 4 M \ M - . ^

and also by Willc:«x.Jwl-H An:ni4iiii: t<« l-hlm-tuii, th«- ••iinin-
lating influence; on tin* i«im*r*M*i is akin t«* th.u *4 •••«'* i<-tm,
though less powerful.

Willcox rejH)rts t ha t the in«-r«-!«*ry i** tiv*tir-. nf fh«- Kl-*mK
are restored by the adniim^trat t^n *»I vif4ii4iii# l ^ t I ii.w*- nu%
been able to find any tncmttmi «4 flic *-iL-ii nu^n i}**- hvj«-r-
trophicd pi tui tary body and tin? atlrnMl--.. \ \ > -a*- i#»4 trji-j
whether these remain enl;iri4^i4 *a yetnrn i " th* a n^tn^iJ -.3/^

The unstriated »ius«vl«^# tm h*^ Hum tb**- ^in. i t r . j inii'^ir-^
are powerfully s t imulntrd t*y imj'^t^mv *4 x-ii.mnn. I l i r
action resembles tha t ul inj**<is^n^ <4 j«il^. i t}^
or cholin, and in similarly inhibit***! l»y ^urall d^^-^ «4 4fi<f'
On the heart , vitamin works by way t?j j^#wrihU v.*f%*] \ tuii t i
tion, and the enhanced vigour uf tlur tifij^n r . t i . i i r .« i i t ! r4
the arteries in the farm r4 a *4r**iif» j -^ j j ^ \
expand and the hlotKi-presMtri: falls,

The fact t ha t the pi tu i tarv h*W an*l th«4 -Mh«-n.»l.. in
contradistinction to all t h r ritlu-t ^liful*, tiiH»*»i:»i I ivi^ ' iuoj4iy #

cannot fail to a t t r a r t sjn-ci.il 4ff«iji$oji, Jt r. ;i)| t^«- tn««f»*
remarkable, then, tha t in thf wh«4f Iit«'ritm<- *4 \l^ % tl.j#.t
no further referrnn* should be ?iw*l«* t*> ihx, | r < n l u r »«*.*< ito«
of the pi tui tary bodv, al thnuqh th«- i*-s«i$f n nw»t iiMinf*".ily
be the expression of MHIV. sp 'Oa l r!r!<i^,ivr inr,i%^f«", «»n tl ir
par t of the organism. Tin* lark «•( vttamtit imist |44i«Hr l i -n r
caused some sort of dHtttrhatirt* in t h r «tntiti.il rrMiitiniv win* h
demands exceptional act ivi ty ft win t h r jYttttitaty \**W »n«l
the adrenals, and tints Ivmh t o thwr hyi i r rUuiJ iy 4t •iiiy
rate we can imagine no oth«T t<xp)«m»»tt(«!t. Itnt wr kutiw
nothing of the part pkyed in tin? mattt-r t*y thr |utmt«iry
internal secretion, although the phenoiiini»i fhrvrritx'tt t lu
investigation. In tin* n*xt rhajitrr, whrtt wr «om*- t*i
the growth-complrttin, wu «Ji»)l Irarn that flu* pttmuty
forms an internal .secretion whose effects ar*1 in many ^
similar to those of complettin B# and who** functton may
possibly be to increase the activity of the tatttti.il
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rif t h r tii..".u(f- I t r- j-*«'i1i:ij^* lii^'itu*-'.' t h r a r t i w j*im« i p l r h a *

n u t \ H )<'-*-J» r-3.tt<---l \ u t h « r i t . * i n t v , t h a t w«' kiu*vv v* lift!**

romTfts j j j t : th*.- j ' . u i j.*l*v*-4 h v t h r p i t m t a r v h«**!v in r r i a t i u i i

la j t o j v n v ' j u t r - . W r 4i«- '-4il! t n n n t a m w h H h r t t h r .*.u!r4am'«?

kf*"tttt »*- f*-?J'>*:'hn <infra p . .*•<>-:} \irr\>,itv*l }»v Kiiht ' i i ' - . t i i i a n d

K,iV fl^OI t h ^ .*t-it«lj^j 1'ih*' »4 t h r pltUtf.it"V t»*i*Iv is l l u ' f*%tl

if.

,n'. . ( i r v « - r v *lif!%-i*-nt a*. r«-F»u*l-'* th** u t l r r i
U i ? h * r i ! 4 n i » v t h . i t r , i « h i»f t h « * t \ V n J i a f f s

j ' i " H f J u » v ^ ,% w r ! I * i ' * ! u j * " * ! M I ! - - t ^ n * *\ i * ' i c * i u

r ! K * ̂ i ^ r - i n l r i c i s ^ h n , w h i « l i i ^ u t r a t f - ' t h * * 1*1*

V r ^ . r l - * , i l i 4 f r u \ r , l * h * ^ < l j * ? « " . - M i r ; , i l | t | f l u i n t h r i n r t

r r l l* -* r-<*fii«*^ « I p 4 i « , \ v h * 4 \ r i j i r t f / i , i l « * f l i r t * | i | i t r t l f r u | t h

I ' y i l l * ' r«v i i}>J*-*"*il * ^ f i v i i i « " . r» i i h r f w « i % n h % t a u « • * " ' , t h « * h l

p | r v , t | f r i s | | i , i l ! l t . i | | $ « - 4 a t | t ' » ! V » f ! J ' M l J r V r l . J j | f l i r f H ^

t«Avar?.l̂  3U**|4iy. Many iiivr.sti^atMr1* havr th*.*rr{iin* \n*%m
lr*l tu iiifvt tfi;it an mi:rra**.-*l furtnatum of adt
j*l;trr in !*rni**i$, Mr.C arrival M H «'X|tlains tin: w
tmh'tmi m ca.vH *>f f#jlyn**ft!r$ti<* an ft̂ ltoWH, fit!
tiiat tmtnn iu thir **xr:t^vivr supply of ailrntaUri tlw small

r b an* >tmnt;ly omtrar t r f l , itritt that by tin* const*-
mmMw-ti liIfNtKi-prr^Mitv fli«* hlnfitl^rruin in U*tm\

thr»fir4h fhi! walls of tin- vr*»sH* ;nu\ infiltrati^ tin* ti%Mit^.
Hatr t w f t ha*-, h^Wi'V**?', f?mr$trr| r^it that, wiiil**! tfir rnu t ra r tum
of tli<* ait'-n«•!«-•« fanM*rJ t*y ;iflt*iialfii t\*ws mrtri'fi Ir4ii to an
in*Jr;r-r n{ j]rf',',Iirr $?) tfir af1r||r'(, tit t.ll«f artrticilr*. thf^nNrlVf'H

an4 jn tli-*- *4|-al!4i tr'% th«* prrvairr is Irtwrrrrl ami thr blotui--
Httram a " «-l«"i-4t* l̂, "I"It** i'rtiTt at a.tfrriialin must, th«Ti*fort*,
|w tw fii?1*!rr thr nii'vrt. r#f nrrlrfna, ^If^rrnVrr, it Ii;i-^ brrtl

provftl that in p«4yn*furitr-i th«« bln<»ilj-*rr'H^frr i.
rather than iiK.rr;r-!.*-<l, NU that wr jinr4 a.'v-uinr th«r
cif a vn.Mim«»!<?r parr^i:.,, lint t h r fall m arfrrial prr.NStiri* thu*
to rrlaxatittfi «4 th«* art»':n«*U^ t> aft.i«nf'lr«] t*y an inrrtsiMrtl
ctnpil!;iry pr«*vatrr4 {avriurui^ tranMidattrm atul tIs*- rt#irii*cpi-riil
tmm*t tA rutlrfiia. Mf'f'urmtin has, th^rrfun*, formally with*
drawn his hypi t l i f^H.^^

Craftier ^i1* fMi come* to another vu*w# whitjj n ccrtoirtly
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better founded. He assumes that the internal secretion of
the adrenals is, like that of all other glands, reduced by a
deficiency of vitamin. The hypertrophy is to be explained
as an outcome of the attempts of the adrenal to ken-p up the
supply of adrenalin, a substance essential to life. The vitamins
requisite for this are obtained by the liquidation of material
from other glands of less vital importance. Ultimately, of
course, the supply of vitamin from these sources is exhausted,
and then no more adrenalin can be produced notwithstanding
the hypertrophy of the adrenals.

The hypothesis is strongly supported by the behaviour
of the body temperature in beriberi and experiment;^ poly-
neuritis. The temperature falls, though very slowly, and this
may be interpreted as a sign of the reduced formation of
adrenalin. Suddenly, just before the end, the temperature
falls by as much as 30 C, and death thereupon ensues. In
normal circumstances, the body makes an effective response
to a fall in temperature by the increased formation of adrenalin,
and we may therefore infer that the sudden fall in temperature
at the close of the illness is due to a failure in the formation
of adrenalin. In conformity with this theory we find that,
whereas during the general course of the disease the adrenalin
content of the adrenals is found to be normal, or even somewhat
increased,».v>, »$>7# »*$ when the collapse of temperature occurs
just before death there is a sudden decline in the adrenalin
content of the adrenals.

/ . The Energetics of (he muscular System.
We have now come to what may perhaps be regarded as

the most important chapter in the pathology of polyneurttis,
to the question of the energetics of the muscular system. It
has long been known that there is a gradual fall in temperature
in polyneuritis, and Dutcherw has recently provided experi-
mental confirmation of the fact. Raimono,*?8 too, showed in
1916 that the respiratory quotient slowly declines, ultimately
reaching a level which is barely half the normal. This observa-
tion has been confirmed by Tanji.745 In conformity therewith,
study of isolated muscle has shown a marked falling off In
the internal respiration of the tissues. Abderhalden,*M$
whose observations show that extracts rich in vitamin
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promptly restore tissue respiration to the normal, is of opinion
that the substances he terms nutramins act after the manner
of co-enzymes, inducing conditions which direct tissue respira-
tion and the other activities of the cells into normal channels.
Freudenberg and Gyorgy 12Sl have also been able to show that
numerous vegetable extracts, and also codliver oil, linseed
oil, and cream, must contain substances able to increase the
respiratory activities of animal cells.

It is, however, necessary to note that the previously
described behaviour of the muscular tissue is by no means
peculiarly characteristic of polyneuritis. Abderhalden and
Schmidt I3°̂  have detected a like decline in the energy of
tissue respiration in all diseases attended with muscular
atrophy, the change taking place only in the wasted muscles,
and being discernible only when these are examined quite
fresh. If the experiment was not made until after the muscle
had been kept for from nine to twelve hours, it could not be
shown that vitamin had any influence on tissue respiration

Even if Abderhalden's observations are accurate (and
there is no reason to question them), the causal relationships
may be entirely different in the various diseases. We may
assume, for example, that in consequence of a febrile disorder
the catalase content of the tissues has been used up, and that
thereby a weakening of the muscles has ensued, leading to
atrophic changes in these organs. Naturally in such cases
tissue respiration will be rendered more active as soon as
catalase is produced once more thanks to the effect of vitamin.
We might, on the other hand, accept the prevailing view that
the nerve lesions are primary, and that the muscular atrophy
is a secondary change. But in that case it would be difficult
to see why tissue respiration should become less active as
long as there is an adequate supply of blood, for the primary
nerve disorder could not easily affect the catalase content of
the muscles. The conditions are different if we assume the
muscular degeneration to be a primary lesion dependent upon
the absence of the co-enzyme vitamin. In that case, it is
natural that the activity of tissue respiration should gradually
decline in proportion as the co-enzyme disappears from the
muscles, although the catalase content of these may be
unaffected, and the catalase is ready to be restored to activity
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as soon as vitamin is supplied. Hut t*wn this th»-«»rv «!*«"*
not touch the root of the matter. The rr*«Nirrhr*. <«f }- jjkiu,«ii
and Huishoff-Pol, and also those of Du t th r r , : ^ '«•» h.iv«« -h-wit
that in polyncuritis the catalasi* rontmt of th** inn-.* I*--, i*
by no means unaffected, but rapidly i l t r l inrs nfiin^itt-K-
falling to barely half the normal D u n l i n ' s work, .md »- p* »J
ally that clone by him in collaboration with roHat/ .-v !i r
shown that the administration of vitamin Ksfnn , th»*
influence of catalase, not b e r a t e (as Ab*!«ih.iH* n 4 nii^
catalase already present in tin* nniMlrs is activated l»v th<*
vitamin, but because und«T tin* inllnrmr *4 th«- vitamin >*
new formation of the abs<?nt cat.-ila.si* takr j»!,u»\

£, Differences between Polyncurith and *4<trrj!h»n situ\.

There is no doubt a resemhlancr in th«* «nnditi«*u **f thr
muscular system in l>**ril>f 1 i and t'Xjwriim-nfa! j»*hii»
as compared with that in other dise.iM-^ limdin^ tu rm^\<%
More (^specially, the energetics of the br«ly ;wr tiUwly
in beriberi and poiyneuritis to what obtaisiN* its ^inipl*- ^I?MV.»*

tion. There are, however, important diffrivm;rN hrivvn-n fh*-
economics of the maintenance of bodily IHMI in ^unpl*- vf-iiv.^
tion and in avitaminosis, irsprrtivrly, as w«? 1«MIH ji**in ih**
admirable .studies of Novam.1*1^^ m"- iUii Th«* »m|itiriam-r «-4
the matter justifies its detailed discu^ 1**11. In both *.r<%,
three periods can be? ciihtinKui^hecl; an initial *%w\ w h ^ h
lasts one or two days in starvation, but a fortnight **t m**tr
in avitaminosis; then comes a long t»u*rm^di;it^ n t w , tin
is succeeded in both cases by a brief final *4^«: t-nttnw
in death.

In simple starvation (in pigeons) tin: daily \m% ut w
during the initial stage ranged from 4 % to 7 % per Hirm 4

in the intermediate stage, the Um clm?n not eiccrfd 2 % <#r
3 % daily; in the final stage, it rise* once won? to th«- s i m r
level as in the initial stage. Both in th« initi;il and in th«- liri-il
stage, the daily loss of heat is conHtdcrnbly Mreitir.r tli;in m
the intermediate stage. At first the bnrly tetuj^ratiiif $%
unaffected, then a gradual decline* j^tn in, and in tin? fitiiil
stage there is a sudden fall W« §r«% t h w , that tht* f;iH in
temperature does not ran parallel with thr h%% ui \mtt f th**
temperature may be almost normal even winn the hm *A

**
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heat is from 50 % to 60 % above normal. If follows that
during the initial stage the production of heat must be con-
siderably greater than normal, but that a decline in heat
production must gradually set in ; ultimately the heat produc-
tion falls off so much that it is barely possible to keep the
body temperature high enough for the maintenance of life,
until at last the balance between production and loss is so
greatly disturbed as to induce the catastrophic fall in
temperature that immediately precedes the fatal issue. .

In the avitaminoses, however, the temperature and the
loss of heat remain normal for a time. The body-weight
gradually declines, the decline becoming rapid after a while,
in conjunction with a commencing failure to absorb nutriment.
The weight falls off far more rapidly than in simple starvation,
and subsides to a much lower level. The loss of heat is much
reduced during the intermediate stage, until after three or four
days the loss amounts to only about half the normal; thence-
forward the loss continues at this rate even in the final stage.
The temperature, which (in pigeons) is normally 42-2° C,
sinks rather rapidly to 41 ° at the outset of the intermediate
stage, but thereafter the decline is slow, so that at the end
of the intermediate stage it is still as high as 400. When the
final stage sets in, the temperature falls rapidly to about
370, when death ensues. It follows that at the outset of the
intermediate stage the production of heat must be consider-
able ; thenceforward, heat production must slowly decline
and in contradistinction to what happens during starvation
it must permanently be less than normal. Moreover, the
collapse in temperature at the close does not depend (as in
starvation) upon increased loss of heat, but upon a further
sudden fall in, or perhaps an absolute arrest of, heat production.

When the experimental animal is put upon an adequate
diet in time to save its life, the return to normal occurs in
much the same way after prolonged starvation and after
avitaminosis. It is true that after starvation the return of
appetite is gradual, whereas when vitamin is given to an
animal suffering from experimental polyneuritis, the creature
becomes ravenous almost immediately. Still, the difference
soon disappears, so that after a few days the quantity of
food taken is in both cases about 50 % above normal. Not
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until after the normal body-weight has been rniitainnl clnrs
the taking of food become normal in amount. Wh*n flu-
change for the better is made in thr diet, tin* btidv ^ur l i t
increases rapidly by from 10 % to 20 % ; thru it i^iustr*
stationary for a while; thereafter a slow ami s^iu^vkit
irregular increase proceeds until the normal wri^Iit i* rr^.nnrtl
The loss of heat also increases, though it nmiins U*t a tntm
5 % less than normal after starvation, and 2o"i 1* (* than
normal after a vitamin-free diet. Tlu*n the loss **f b'-if
gradually rises, and rises somewhat more quickly than the
body-weight, so that, by the time the normal body-wi•iglit h«**

AVTTAMINOSIS. — STARVATION.

I. Body weight HI. Body (
II. Heat loss. IV. Heat |'iroUuttt«m.

been regained, the loss of heat may \m as much its 115 %
above normal. Thereafter it gradually sink* to th« tummil*
During the first twenty-four hours of recovery, the tx#ly
temperature rises to about 41^, the rise being Hufottquwtfiy
slower, until in four or five days the pigeon's normal tempera-
ture of 42 • 20 is regained. Thus the heat production is cornpara*
tively small during recuperation ; the food that is assimtiatw!
is mainly transformed into the tissue that replaces what h u
been lost, and is not used to any considerable extent for the
supply of heat energy. Not until the bodily condition ha*
become normal once more is an excess of heat product inn
possible upon a food consumption that still remains excessive
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fur a timi\ so that an increased tans of heat is now manifest,
VVĥ n xhv dp\nAiiv }. o n r r m o r e normal, tin* food consumption
;I|MI U'rnnv-^ tp.atthilt and lit it production sinks to the
miibiusy l«*vrl,

Thr rurvr* in thu figuu* Rive a graphic rqjreantation of
thr rlMn^tvs in uvitaininoHts and starvation respectively. The
tt\%t\rv nm.st notf that, just as in thti case of geographical
Tirljrf rontimrs th»? vrrtkal dement in the curves is greatly
rx;ijf*^'rated in comparison with the horizontal element, for
wrrr th«* vertical «'lnnt*nt repn*sf»ntt»d in due proportion
within fh** hori/tinU! ;I|J;UH: availal^h? in such a figure, the
vi*rtk4 Kradatit^n would hr hardly noticeahle. Tlie course
af the wd^ht curvtt suffices to show that in herihert wtr cannot
Mittply IK: rontmied with malnutrition dependent upon an
ill-Ii.ilinr<*(l dii;*t, hut that then* mu%t \m lacking in the food
*omt? (trinstttucnt which normally renders its full utilisation
pm*ib!i\ wheriMs in starvation there* is a simj>le combustion
iif thr \nuiy material withfiut tlie pdHHihility of any substitute ;
tli.tt m why the t.nrvt* in beriberi is far less steeply graded for
a tune, until the body'n own supply of the requisite material
in nil a'HisMim*!, wherrupon a steeper gradation is shown.
Inseparably ninntctiHj with this is heat production. In
fttarvatiftn* the bcidy must meet all itsi needs out of its own
siibfctamr. Sinci* the hrating material thus available consists
mainly of protein, and ninmi protein cannot be adequately

for all thr piirj>o^»s of the body, there must be much
* in tfam prr»c:t*Hs, and the combustion of the waste
K l^id^ in an increased heat (Mroduction. But as soon

n.% Ihf? {HI I in thr body run.H short# the heat production suddenly
d«cltn(*», falling far hvUm normal. In poly neuritis, the condi*
tion^ an* rwi-tmtl* Heri.% there: h a supply of mere fuel,
and during this initial ^tage this fuel IH utilised in a fairly
normal fa.*hir»n ; but m mum ®s the specific peculiarity of the
disease, dimtni»lu?d faculty of utilisation, comes into play,
heat production falls oft in proportion to thin h&ftcned faculty
for utilisation—-very rapidly* at first, until the body has
accommodated itwlf to circumstances, and then more slowly;
until at last a complete incapacity for utilising the food sets
in# and heat production suddenly falls to a minimum,

The obverse of heat production is heat loss. In starvation
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states the latter is always increased. At first the increase
is due to increased heat production ; subsequently heat loss
still remains above normal, although heat production has now
fallen below normal; finally, just before death, there is a
renewed sudden rise in heat loss. In avitaminosis, heat loss
runs a very different course. At first, like heat production,
heat loss remains normal; then, when heat production is
reduced, heat loss exhibits a sudden decline; and thence-
forward it remains unchanged at a low level.

The body temperature depends upon the relationship
between heat production and heat loss. In starvation states,
heat production is, as we have seen, increased in ther initial
stages ; but since heat loss is likewise increased, the tempera-
ture remains normal for a considerable period. Not until
heat production is greatly reduced, so that it is no longer
sufficient to compensate heat loss, does the body temperature
undergo a gradual decline ; in the final stage, when heat loss
is very rapid and heat production has ceased, there is a
collapse in the body temperature. In the avitaminoses,
likewise, the temperature remains normal, here for the reason
that at first heat production and heat loss are both unaffected.
Subsequently, when heat production falls off, there is a
marked regulative decline in heat loss, but the compensation
is excessive, and a rather rapid fall in temperature results.
In the final stage, when heat production ceases and heat
loss continues, a sudden and fatal fall in temperature ensues.

The differences between the behaviour of the animal
organism in starvation states and in the avitaminoses, respec-
tively, is manifestly due in part to differences in the adrenalin
production. At the outset of the starvation period, heat
production is excessive, and the body temperature must
therefore be regulated by a dilatation of the bloodvessels to
permit increased heat loss, this involving no exceptional
demand for adrenalin. Subsequently, when heat production
declines, the normal tendency of the body is to react by
increased production of adrenalin, in order to promote vascular
contraction and thereby reduce heat loss. By this time,
however, the adrenals have been so much injured by the
starvation that the adrenalin production is inadequate. The
temperature therefore falls, and the fall is more extensive in
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proportion as the adrenal inadequacy is greater—until at
last a critical collapse of temperature ensues.

In the avitaminoses, also, adrenalin production is obviously
soon impaired, this resulting in a sudden fall of body tempera-
ture. However, as Bierry, Portier, and Randoin IX97 have
shown, the body uses its last reserves of vitamin (perhaps
secured by the liquidation of material from other glands) to
maintain to the utmost the activity of the adrenals. The
latter undergo hypertrophy in consequence of the increased
demand made on their energies, but do not succeed in producing
more adrenalin than is requisite to maintain the body tempera-
ture at.the lower level to which it has now fallen. Ultimately
the adrenals can no longer function. Perhaps there is no
longer anywhere in the body vitamin-containing material
available for liquidation. Another possibility is that heat
production has become quite insufficient. Anyhow, a critical
and fatal fall of temperature now ensues.

7. EARLIER ATTEMPTS AT EXPLANATION.

These facts have additional implications, which will
perhaps enable us to gain a more intimate understanding of
the essential nature of the disease and of the way in which
it comes into being. But before I turn to my own specula-
tions concerning these problems, I must give an account of
the views published by other observers anent the significance
and the functions of the vitamins.

First let us consider the theories of Portier and his collabo-
rators. They hold that the three stages of the disease are
mainly determined by the vitamin provision of the body and
its influence on adrenalin production. In the initial stagei
the organism still possesses a store of vitamin adequate to
supply the needs of all the glands. In the second st&ge, the
vitamin content of the organism is no longer adequate, an<t
the adrenalin production is falling off, but the latter trouble
is more than compensated by the hypertrophy of the adrenals|
so that in this stage the body actually contains an increased
percentage of adrenalin. Thanks to the increase in thef
adrenalin content and the resulting persistently high tension
of the vascular walls, there ultimately results the frequently
observed sclerosis of the finest capillaries. In the third stage,
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arc lacking. Uatis\lrr is wrll
do not takf IIH vrty f**r# an<t

mereiy rcmovi? thr q t
uay answer. I t i% trivltit»st̂ tt«l«* th^t thr
by an ad<si|uatt* dirt, \mt thin 4**^ $)t»i rnj i.un h**«r 4
pifton ii tnakhd to fly within a frw hmitn of it?r 44ttniir.i
of vitamin, Thr wr<#nct hyj^*t}ir\i'i 11 rxrn te-w hrtj»jiit than
the first, m*fl perhaps th<- thit«l hvji««<hr%i% 11 m %*«-< m%ms
€MMt for (apart from th* fact t lut ihc mrvh^ntntft ut trtmmt
action, and abo tht* formatiun,, r»4ttifr. nn4 ftiirii«4i$n^ « |
the hormonal, art #tilt a %r4l«l W*kk^ nrtth«t *4 ih*-*r tii'i^ilnHn^
tells us anything rrgtrtlmg th«: |4n«r whrr<* tl>r vitamsn*
take effect or concerning tbeir modr of action.
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while the hypotheses might explain either the symptoms of
vitamin deficiency or else the positive effects of vitamins,
they cannot explain both of these.

It is not possible to speak much more favourably of the
assumption of Abderhalden,1255 who believes that the vita-
mins, functioning as co-enzymes, must create conditions
whereby tissue restoration and other cell processes are
directed into normal channels. For although this theory
indicates a point of attack and conveys some ideas regarding
the mode of action, we have no evidence that catalase needs
a co-enzyme to activate it. Nor does Abderhalden's theory
explain why, in this disease, an insufficiency of catalase is
formed in the muscles, or why, perhaps, catalase is not formed
there at all.

By far the most notable attempt to explain the mode of
action of the vitamins is that made by Schaumann,73» 9°» x*2»
X57» *73* 177, 219, **6,3™ and by Schaumann in conjunction with
Abderhalden.8o3 As long ago as 1904, Durham 44 showed that
the excretion of phosphates is greatly diminished in beriberi.
Schaumann was the first to point out that polished rice is
very poor in phosphates as compared with unhulled or partially
hulled rice. In the course of his further researches he found
that poorness in phosphates was characteristic of all the
nutrients inducing beriberi or experimental polyneuritis, and
he was therefore inclined for a time to regard a deficiency of
phosphates as the effective cause of the disease. Other
investigators, such as Fraser and Stanton,108 Aron and Hocson/1

etc., made similar observations. But it became apparent,
especially in the course of Schaumann's own work, that the
addition of inorganic phosphates to a pathogenic diet had
no good effect whatever, and Schaumann was therefore com-
pelled to modify his theory that a deficiency of organic
phosphorus compounds was of primary importance.

These were the days when lecithin therapy was still highly
favoured; although the discovery of phytin had furnished
lecithin with a powerful rival. In view of the scantiness of
the chemical information possessed by most medical men, it
was not surprising that people should have believed themselves
to have discovered in these mixed-organic compounds the
long and arduously sought organic phosphorus compounds.
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But Schaumann's attempts with phytin and lecithin wvw no
less fruitless than those with better drlined phosphorus
compounds. Only nucleinic arid, and especially tin1 form
derived from yeast, gave positive results, though tint rfirrt
of these substances was far less powerful than that of extract
of rice bran. When it was now discovered that Funk's vitamin*
were in fact devoid of phosphorus, Schaumann had to ietnmh'1
his hypothesis again, and he assumed that the vitamin*
played a part in intermediate phosphorus metubuliMn, func-
tioning as a kind of phosphatases. This M'*emed all t.h« more
plausible seeing that Schaumann's own romprehensiw sludirs
of metabolism as well as those of other investigator*M:, r lc «
had shown beyond dispute that in polyneuritic disorder* the
phosphorus balance is strongly negative despite the mluctcl
excretion. It has subsequently appeared, however, that,
even when Funk's vitamin is administered, and the jttmw of
voluntary movement is restored, the phosphorus balance
remains negative, and this observation puts the: la,st explanation
out of court. But besides Schaumann (who not bring a
medical man, had to be guided in medical matters by tin*
opinions of the faculty), all the leading medical authoriti**
regarded the nervous paralysis as the primary lr*ion.
Moreover, in the nervous system and in the glands there roukl
be detected, not only an atrophic degeneration, but also a
disturbance of the phosphorus metabolism which it wan
natural to regard as the cause of the failure of ncrvou* func-
tioning. From 1912 onwards, therefore, Schaumann indifittJ
to regard the role of the vitamins in intermediate jihtiNphtiriw
metabolism as mainly one of activation. Hi; therefore %u%*
gested for these substances the name of M activator.*/* but
subsequently withdrew the suggestion in deference to the
priority of the name vitamin.

Tschirsch *o°4 was doubtless influenced by SchattrffitmT*
researches in formulating the hypothesis that the mum of
beriberi must be the incapacity of the body, in the* absence
of vitamins, to effect the cydopoicstH that h requbtitt* for the
formation of the nucleoproteins. He thus regards Iht* vitamttiH
as ring-closing ferments, without whose aid thi* food cannot
be utilised for the upbuilding of nuefcoprotein*. Apart
from the fact that this theory does not provide* &ny explanation
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of the almost instantaneous restoration of mobility which
ensues when animals suffering from experimental polyneuritis
are dosed with vitamin, it cannot be taken as proved that
the human organism is incompetent to effect cyclopoiesis,
and that human beings would simply starve to death if the
necessary ring compounds were not provided ready-made in
their food. This attempt at explanation must, likewise, be
rejected.

It is worth mentioning that in 1916 VoegtlinSS* endeav-
oured to explain the action of vitamins on the theory that
they served to neutralise the toxins resulting from an excess
of rarhphyrirates in the food and the consequent intestinal
fermentation. Inasmuch as Voegtlin's own work contributed
powerfully to promote a better knowledge of the mode of
art ion of the vitamins, there can be no doubt that this
authority spontaneously recognised the untenability of his
hypothesis, f°r w c find no further mention of it in his
subsequent writings.

8. SUMMARY.

I am not a medical practitioner, and the independent
views I shall put forward in this section are therefore advocated
with all reserve. In my opinion, however, there are certain
fortts which may guide us in our search for the causes of
polymwritic disorders. I have repeatedly insisted that the
nerve degenerations cannot be the primary causes of the
paralyses. For, first of all, the latter occur in cases where on
post-mortem examination we can detect no nerve lesions.
Secondly, even in the worst cases, the nerve degeneration is
never complete, seeing that some fibres always remain in
good condition. Thirdly, the restoration of mobility is an
almost instantaneous affair, so that there is absolutely no
time for the recovery of a damaged nerve. Finally, we learn
from anatomical evidence that the general improvement is
speedy, whereas nerve regeneration in the best event requires
months. (Cf. Vedder and Clark,*3* and Schaumann 3«>.) For
the same reasons, it is impossible to regard muscular degenera-
tion or atrophy as the primary cause of the symptoms. The
instantaneous restoration of the mobility of a degenerated
muscle is as unthinkable as the instantaneous restoration
of the conductivity of a degenerated nerve; and we have
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learned that a definite interval must, in fact, elapse before
the muscular system is fully restored to the normal.

It is therefore necessary to assume that, degenerative changes
notwithstanding, the possibility of functioning is preserved
should it be possible, either to remove an inhibition, or else
to supply some substance that is lacking. An obvious assumption
is that the vitamins are indispensable stimuli. I t has been
shown in the foregoing that similar effects to those produced
by vitamins can to some extent be produced by well-known
organic bases, although the influence of these is not lasting.
An electric current, however, has similar effects, and we are
certainly not entitled to contend that the absence of ranimal
electricity is a cause of the paralyses, or that animal elec-
tricity is produced by vitamins. Similar effects are not always
due to identical causes. In no science is the validity of this
principle more conspicuous than in physiology.

Matters will perhaps be cleared up by a consideration of
the general determinants of muscular movement. This
movement is a manifestation of energy, and presupposes the
prior existence of that energy. Now the motive power of the
animal organism is combustion, and in animal life we cannot
conceive any manifestation of energy in the absence of
combustion. The formation of lactic acid and carbonic acid,
products of combustion, during muscular movement, shows
that oxidation is an essential determinant of such movement.
If, therefore, we inhibit the combustion, no movement can
take place even though the nerves and muscles are intact
—unless energy be supplied from without, as for instance in
the form of electricity.

In polyneuritic disorders, the combustion in the muscles
is, as we have repeatedly learned, reduced. This defective
combustion has been experimentally shown to be mainly
due to the lack of a sufficiency of catalase. Experiment has
likewise proved that the catalase content and therewith the
tissue respiration, i.e. the possibility of combustion, is restored
by the supply of vitamin. Finally, there is experimental
evidence that what happens in the muscles in polyneuritis
when vitamin is supplied is, not so much that already existent
catalase is activated by the vitamin, but rather that the
provision of vitamin actually increases the catalase content of
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the muscle!;. In a word, the vitamin must lead to the new
formation of catalase.

This, then, is the core of my theory. Under the influence
of vitamin, the catalase content is kept at the requisite level.
We must still leave open the problem whether the vitamins
play an active part in the building up of catalase as necessary
constituents of that substance, or whether they are to be
regarded as directly operative catalase-forming ferments, or
whether (as Abderhalden suggests) they represent co-enzymes
essential to the formation of catalase.

This merely provides an explanation of the polyneuritic
syndrorpc. The origin of the atrophy and degeneration of the
muscles and nerves still remains to be explained, and here
we must invoke the action of a substance of which we as yet
know very little, the water-soluble antineuritic complettin,
which for short I shall now call D.3̂ 8 it has been shown
that Funk's vitamin, the real antineuritic principle, will
relieve the paralytic manifestations, but only these, it does
not cure the atrophy and degeneration of the muscles and the|
nerves ; and death inevitably ensues in such cases even
though Funk's vitamin be given, unless D be also added to*
the diet. Numerous attempts have been made to describe
thte symptoms as no more than the results of inanition. There
are, doubtless, plenty of grounds for such an assumption.
Recently, Simonnet *3« pointed out that both in beriberi
and in experimental polyneuritis the diet is extremely
ill-balanced, and must certainly be inadequate in more respects
than one. This authority errs as regards beriberi, for in that
disease, though we speak of its origination by a rice diet, we
do not usually imply that the patient has taken no food but
rice. The diet may have been varied, but the mistake has
been tha t the staple article of food has been polished rice.
Moreover, beriberi broke out among the European troops in
Mesopotamia, and the diet of these well-fed Englishmen
must certainly have been a varied one. Underfeeding as
regards protein, fat, inorganic salts in general, and also
complettins A and C, may therefore be excluded as a cause
of beriberi, and we must seek another etiological factor. We
must certainly approve Simonnet's proposal that in future
experiments a diet should be given that shall be fuUy adequate
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except for the absence of the antineuritic factors, for we may
hope in this way to secure clearer and more trustworthy
clinical pictures. Hitherto these clinical pictures have often
been confused by intercurrent disorders, especially by mani-
festations of the haemorrhagic diathesis and by oedema, so
that the disorder which was the primary object of study had
been rendered almost unrecognisable. On the other hand an
artificial diet such as Simonnet experimented with (meat
thoroughly boiled and pressed, and subsequently extracted
with alcohol and ether ; Osborne's salt mixture ; agar powder ;
earthnut oil; butter fat ; quantitative filter paper [as roughage
—see below p. 190]; potato starch; and distilled* water)
will, indeed, be vitamin free, but is likely to contain D after
all. In fact, in the diet named, there is D in the agar powder,
the fats, and the potato starch. The result was that this
diet rapidly induced severe paralytic symptoms with tetanic
spasms, but the animals' loss of weight was much smaller
than is seen in cases of beriberi, and the typical atrophic
form never developed.

It would have been much better to retain the familiar
experimental diet, supplementing it with specific substances
—salts ; A, B, and C ; protein; superheated fat.

Almost at the same date as Simonnet, Karr,I293, 9̂4 made
similar experiments which were invalidated by the same
error and led to the same result. The main fault of Karr's
experiments was that, when giving an abundance of B, he
did not realise that he was giving D as well. It will be neces-
sary in such experiments to turn to account the recognition
of the differences between B and D, and thus to plan a diet
which shall contain a sufficiency of B without any notable
admixture of D. It is not, however, necessary to trouble
very much about the supply of B, since experience shows that
adult experimental animals deprived of B can remain healthy
for a period far longer than that which proves fatal from
atrophy when D is lacking.

Attention has several times been drawn to the fact that
both in experimental polyneuritis and in beriberi the atrophy
is not confined to muscle and nerve; it affects the glands
markedly as well, leading to a suppression of the secretions.
It is very significant that the pure neuritis without atrophic
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manifestations experimentally induced by Simonnet and
Karr i n their respective series of experiments, was not accom-
panied by any such signs of glandular atrophy or suppression
of secretion. Karr expressly reports that in his experimental
animals digestion ran a normal course. This is a plain indica-
tion t h a t the absence of I) (which is usually found in association
with t h e complettin B) is really responsible for the atrophic
manifestations. Even had Simonnet's and Karr's researches
been of no other use, we should have to thank them for the
clear demonstration they have given that beriberi and experi-
mental polyneuritis are not simple but complex disorders.

When Funk's vitamin is alone lacking, -paralyses without
atrophy ensue ; when 1) is alone lacking, the result is marasmus
with characteristic degenerative manifestations ; when both are
lacking, the result is typical beriberi or polyneuritis, in which
the varying quantities of the respective complettins account for
the more or less marked development of one or other syndrome.

N o w that these relationships have been cleared up, we
are faced with a new and important -problem. What is the
mode of action of the complettin I) ? Since the symptoms
can appear on a diet which is in other respects adequate, this
a t rophy can hardly be due to a lack of tissue-building constitu-
ents. JBesides, there is a fundamental difference between the
a t rophy we are now considering and that which ensues in a
familiar form when some well-known constituent is absent
from t h e diet, or in simple starvation. In D deficiency, we
have something more than atrophy due to lack of protein
or energy, for there is simultaneous degeneration. Even
though we assume that in consequence of the want of D the
utilisation of new material and therewith the maintenance of
the existing tissues are impaired, this hypothesis by no means
suffices to explain the symptoms of degeneration. As
previously said, we have no difficulty in conceiving of atrophy
without degeneration. But since the two appear in conjunction,
there must be some sort of connexion between them; and inas-
much a s atrophy does not per se induce degeneration, we are led
to infer an inverse order of causation, and to suppose that the
a t rophy is the outcome of the degeneration. The organism has
lost t h e faculty of maintaining its extant substance, and has
therewith lost the faculty of making good the used-up material.

TT
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Life, movement, secretion—in a word, all the manifesta-
tions of life—are dependent on the using up of the materials
of the body. We must not imagine that in this process every
cell, or every group of cells, throws off part of its molecular
structure, as the dried coats peel off a sprouting onion. We
must rather assume that reactions occur within the mass so
that the fundamental substance is modified. Nor must we
suppose that these changes occur with equal intensity every-
where. According to the nature of the particular vital
manifestation, the organ or organs chiefly concerned will be
variously modified in their innermost structure. Now the
essential feature of life is that whereas the spontaneous
decompositions of the inorganic world are irreparable, those
that occur in living matter are more or less completely
compensated. In malnutrition, and even in actual starva-;
tion, the wastage of the organs primarily essential to life is
repaired by the withdrawal, from less important organs, of;
the materials required by the more important ones. If in \
the case we are now considering, no such repair takes place, !
if the innermost structural elements do not merely atrophy,
but also degenerate, we have to infer that—in contradistinction
with the state of affairs in malnutrition or simple starvation-
there is a definite lack of something whose presence would render
possible the immediate restitution of the utilised material.

We are led by these considerations to discern that the funda-
mental activity of the complettin D must he a contribution to the
restoration of the used-up material. One way of settling the
whole question would be to describe the complettin I) as a
restitutive hormone, as the substance which makes repair
possible. But, apart from the fact that we are merely providing
a new name instead of giving an explanation, we should have
to account for the remarkable fact, unparalleled in the vital
processes of the organism, that a hormone indispensable to
the individual is, by this supposition, not manufactured by
that individual but has to be introduced from without. For
just as little as vitamin, can D be synthetised in the animal
body.W36 The best proof of this is that the xniUc of mothers
suffering from latent beriberi is so lacking in these substance*
that the infants fall ill sooner than the mothers, (On the
other hand, such a synthesis is within the competence, not
only of the higher plants, but also of the schizomycetes and
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the yeas t s For instance, the intestinal microorganisms can
effect such a synthesis. Consequently, as Portier and
Randoin xo63 have shown, the faeces of animals suffering
from polyneuritis contains so large a quantity of vitamin that
it will suffice to cure the animal if suitably administered.)

M o r e detailed knowledge of these processes is very
difficult to acquire, for we are concerned with the most
in t imate reactions of life, which have hitherto been completely
ignored. In the matter of nutrition and repair, modern
physiologists, and above all Jacques Loeb, have done a great
deal of work, but their labours have by no means sufficed to
clear xx$> the difficulties. The main reason for their failure is
that t h e members of this physiological school are completely
under the spell of a physical chemistry. Their studies are
therefore restricted to two special fields; the effect of the
ions o n the cells; and the reaction of the living colloidal
substance of the cell upon other colloids. Obviously such
researches will not unlock all the secrets of the matter, as has
indeed been proved once more by Carrel's attempts to induce
animal tissues to grow outside the body. For Carrel found
that such growth would only take place in natural serum,
in t h e natural fluids of the body.

Moreover, the process of assimilation whereby the cell
builds u p the constituents of the food into its own substance,
and t h e utilisation of this substance for the purposes of life,
can b e explained neither in the terms of ionic reactions nor
in t h e terms of colloidal chemistry. Both these fields of
research have contributed much towards the elucidation of
the bodi ly processes, but only a purely chemical science can
make such processes comprehensible. Here we find our-
selves in unexplored country, lacking the guidance of even
one established fact.

T h e explanation of the matters we are considering encoun-
ters additional difficulties owing to the entire inadequacy of
our anatomical and physiological knowledge for this purpose.
I t appears to be a fact that to some extent the breaking up,
removal , and rendering innocuous of the products of vital
reactions is effected by the blood through oxidation, but this
s ta tement sums up all that we know of the matter. It is
uncertain whether the nutrition of the tissues is achieved
by t h e blood or by the lymph, (I think there are grounds
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for giving the preference to the lymph, although the participa-
tion of the blood can by no means be excluded.) Our
knowledge of this process is all the more inadequate inasmuch
as the ultimate course of the finest blood capillaries and lymph
capillaries is still unknown to us. Our ignorance makes it
very difficult to study these reactions, and physiological
science has not yet ventured to approach this fundamental
prohlem.

For example, we do not know where the transformation
of the albuminous tissue "builders into the body's own sub-
stance takes place, and the probability is that there are no
special organs for this function. It is unquestionable that
not merely every species of animals, but also within each
animal every organ, has its own peculiar kind of protein ;
and it seems unlikely that primarily there should come into
existence some sort of standard protein which the individual
cells can then metamorphose into their own protein. This
would be doing the work twice over, and would render the
digestive process superfluous. Far more likely is it that
the cells themselves build up their own varieties of protein
out of the tissue-building constituents of the food, and the
theory that that is how the process takes place has been
reinforced by Carrel's success in growing the living tissues.
But here we encounter a new contradiction, for this growth
was effected in serums which contained, at most, traces of
amino-acids in addition to serum albumin. We must not
therefore reject the supposition that the cells of the organs
have at least some power of transforming an extraneous
protein into their own protein. The rapid disappearance of
the amino-acids from the fluids of the body after meals is
contributory evidence in favour of this view.

If we are in search of explanations of the inner mechanism
of the action of the water-soluble antineuritic D, the.foregoing
theory will seem quite inadequate. There are three facts
to bear in mind: the cause of the atrophy or degeneration
is, the lack of a certain substance; this substance is not
synthetisahle in the animal organism, and it is rendered
inactive by heating, especially under pressure in a moist
medium; finally, the locality where the substance takes-i
effect must be in the cells.

Starting from the last consideration, we can think of
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three ways in which the absence of a substance might hinder
the rebuilding of tissue. First we might assume that the
proper mode of action of the substance in the cell is to promote
the synthesis of the cell-substance itself. Secondly we might
assume that when the cell is intact and the food is otherwise
adequate, the function, of the missing substance is to promote
the linldng of the nutrients to the cell-substance. The third
possibility is that through the absence of the substance under
consideration, the mixture of nutrients has somehow been
rendered inadequate.

To "begin with, let us consider the first of these assumptions.
The sjsnthesis of the cell-substance proper is achieved in the
animal organism with very modest adjuvants—so modest
that the process might seem hardly possible. During synthesis
in the plant cell, hydration plays a leading part, the addition
of molecules of water, or the elimination of groups of atoms
by the action of hydrogen. In the organism of higher animals,
not a single instance of the kind has been proved to occur.
(There are cases of so-called reduction, as when aldehydes
are transformed into alcohols with unsatisfied affinities.
But these reactions depend upon the addition of water to a
compound and its subsequent detachment; they do not
depend upon the action of hydrogen.) Nor is there known in
the organism of higher animals any instance of the synthesis
of carbon chains. Animals obviously lack the power of
linking a carbon atom to a carbon atom, of effecting what
chemists term a pure condensation. The only condensations
the animal organism can achieve are those which take the
form of couplings in which carbon is linked to nitrogen or
oxygen with the splitting off of ammonia or water, or some-
times with the splitting ofi of salts—the process whereby
ethers, esters, or peptids are formed. On the other hand,
the organism is also competent to break up existing compounds
by the introduction of a water group or an ammonia group
of elements. By these simple reactions, by the alternating
addition or subtration of water or ammonia, the most complex
proteins can be built up by the animal organism, provided
that the necessary carbon chains and amines are supplied
in the food.

In the light of the first hypothesis, therefore, we suppose
the mode of action of I> in the animal cell to be such that
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this substance, behaving as an enzyme, either promotes
combination or else hydrolytic or aminolytic decomposition.
We may, of course, suppose that there is an indirect action
like that of a co-enzyme ; but inasmuch as the basic conception
is still purely hypothetical, this supposition would involve
a superfluous complication. Apart from that, there are good
grounds for questioning the accuracy of the whole assumption.
First of all, it is hardly conceivable that the animal cell (which
fundamentally resembles the plant cell and has come to differ
from the latter only through adaptation to a different environ-
ment) should be so dependent upon this environment and
upon all the alien factors outside the organism as^to be
incompetent for the spontaneous fulfilment of the very func-
tions by which as a living being it is distinguished from the
inorganic world—so that it is compelled to secure the
absolutely indispensable enzyme from external sources. An
additional reason against any such assumption is that when
the food supply is completely cut off, the function we are
considering can still be carried out, so that in the organs of
the most vital necessity the processes of assimilation continue
even though the organism as a whole is foredoomed to death
from a lack of the intake of energy. Doubtless the last
consideration has no demonstrative force, seeing that death
from starvation is a comparatively rapid affair, whereas in
polyneuritic disorders the lack of certain substances has to
take effect for a long time before the illness begins. There is,
however, a third reason for rejecting the enzyme theory as
very improbable, for all the organic enzymes hitherto known
are comparatively thermolabile. The complettin D, in a
dry medium, can resist an hour's heating at 1200 C, an
exposure which destroys all known organic enzymes.

The second possibility is that there is lacking some sort
of intermediate link which, if present, would couple the
substance$ derived from the food to the cell-substance proper.
If the suggestion is that we have to do here with something
like the amboceptors of serology, it may be incontinently
rejected. For in that case we should have to assume that
the different substances in the cell all constitute a chemical
aggregate which is as it were eaten away at one end by the
vital reactions, its integrity being then restored by the linking
on of substances derived from the food. But the supposition
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is certainly tenable if we presume that some intermediary
group may be missing from the food, a group which if present
would have enabled the substances in the food to be built
up into an aggregate identical with that of the cell-substance
itself. If that is the way the second supposition is to be
interpreted, we can pass on immediately to the third theory,
according to which the missing link is itself a constituent of
the food.

The vitally essential requirements of the food would appear
to be as follows. It must contain a sufficiency of carbon
chains of definite but varying lengths. In part these must
be amjjiised, and in part must contain certain rings. Further,
these substances must be sufficiently far reduced. Finally,
there must be an adequate supply of groups with unsatisfied
affinities, so that the necessary couplings may be possible.
The first four requisites are deducible from the proved facts
that the organism of higher animals is incompetent to
synthetise carbon chains or to effect ring closure (except in
so far as this is possible by the simple formation of lactone);
that only in the rarest cases can it achieve aminisation ; and
that it is quite incompetent to effect hydration. The fifth
requisite is obvious, seeing that the new substance required
by the organism has to be built up by couplings.

To decide where in this instance the defect may lie, we
must further make allowance for the fact that although the
substance in question is generally believed to be fairly thermo-
stable it is certainly damaged by prolonged heating. Under
the conditions that obtain we may exclude the possibility of
a decomposition of a carbon compound by over-heating, or
the decomposition of the possible ring-closing substances.
It is, however, perfectly conceivable that sensitive amines
can be saponified by heat, especially in the presence of water,
the amine group being replaced by a hydroxyl group; and
Abderhalden's researches have shown that the hydroxides
cannot replace the amines of the food—cannot be re-aminised.
This possibility must, therefore, be borne in mind; but the
theory is rather improbable, seeing that the amines hitherto
known to be present in the food and in our organism are not
very sensitive to heat. Among the synthetic amines, there
are certainly many in which, owing to peculiar structural
conditions, the amine group is readily detachable, but no
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such substances are known amon^ the natural amines. Still,
the possibility must not he ahst'luff-Iv tii\mvwAt i<*\ it $%
known that tin*, water in whirl) jurat h;iv Imn b<.?|r*1 r^tam-i
more ammonia than wan dcni'm 4rat»l»* m ihc- np.it, lin»
question arises, however, whether tlm Nj'hitinf* %M is ii<*t
comparable to that which wwt* as a jmirly j'hy.i«4<<ir.il
accompaniment of digestion without any t*^aiiin.r **n nutrition,
as when carbamides are transformed into th«f t**ir<">j*m4i$?i:
ammonium compounds

There is a second group of rriinparativrJy umtabl** '-ul»'
stances in natural Uunfa, rorupri^in;* what i* kn«>\vn *v* lh«-
sulphhydril group. Hir^:h.Hti:iniJ'^ has «tr,nv» att^iitjuji in
these. In the hydrolysis of prolrin^ in th«* l»l*<fMi*«ry we
find as the primary reprenrntativf* of th«* sulj-'hur
<*ystin» which is an anhydride of tin- suJphhvdfa!^ rv^f
In our discussion of the biological valnr i4 tb«" pi^ffin-i
learned that these Mib*ta«ct*% ari* alrvoltjtrly f.^-ntMl to
Cyst in is a very unstable substance. \W ,uv »*siinl<-4 in
whether cystein, too, may not h«* of great imj^jit.tiur fr.r th«?
upbuilding of proteins, sriing that it i% t-v^ti tuuif uir-44)4f*
than the anhydri<Ie. A j4«>s.Mble obj«-c u**n t»* ^mh ;* vir-w I.H
that a sulphur-free diet is rtiidrrrd ,p!*'qn;*f*' by tli** .i4di!t«n
of cystin ; but thri'e is no risi.̂ on why \\*v sbouM n*#! ^Mim«
that in the? body this anhyrirttlt* may tak** t»j# w-ii«-r ;tn«l tjmlrii»<i
decomposition into oxy^uninr* prnpi**tiK ;Kid and ry^trm,
so that the really active brwiy !*• the stiljihJiydr.ilr.., At any
rate, we know that in th«-- lom!# cyst in r\-m In* rrftWH dy
cystein ; and it is certain that whrn Hth*T r*f th<-^ Mil^i^nri^i
is heated in the presence: of wairr, thr sulphur i\ **plif *4f,
Thereby, both cystin and cy^trin arr «-bvi*»iiNly r^tid^frU
valueless for nutritive purjwsrs, iim^mnch #>% Hnl|»hhydr..itton
cannot be effected in tlm annual Unly, IJir tmi ilwt thi.̂ i
decomposition is not merely pf^%ibk in thr firriMmt^nrrs we
are considering, but dkw** actually ocrctir, is prrwrtj by the
fact that when tin* of jm*Msrwd mml an? Of̂ -tî cJ a fmrly
definite odour of sulphuretted hydro^fii i* often i^rcqifibir,
During the war, the stt'riUsattoii of tinitH mrnt w,v* mi ruth*
lessly conducted that complaints of thb MH«-I1 li
common.

Besides the sulphur group, we* h:iv«* r«?a.son tq p}
that the food contains other group* of %ub%Utttm with a
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readily modifiable composition (for instance, bodies with an
aldehyde-like structure), but our knowledge of these is too
vague to justify definite statements concerning them. We
are, however, certain that the proteins, and especially the
nucleoproteins, contain thermolabile mixed-organic com-
pounds. Thus it is supposed that part, at least, of the phos-
phoric acid in the nucleoproteins must be present in the
form of metaphosphoric-acid compounds; and on prolonged
boiling in water these, even when combined with bases to
form metaphosphates, are more or less rapidly transformed
into orthophosphates. This may be taken as a partial
confirmation of Schaumann's views concerning the indispensa-
bility of certain organic phosphorus compounds, for the animal
organism is unquestionably competent to change the lower
stages of oxidation of phosphorus, such as metaphosphates
and pyrophosphates, into orthophosphates, but cannot effect
a reversal of the process.

Simple prolonged heating of foodstuffs, especially at a
high temperature or under pressure, may therefore be pre-
sumed capable of bringing about any one of three changes
competent to render inadequate an otherwise adequate
nutrient, because the animal organism cannot reverse the
transformation. These are : (1) the disaminisation of vitally
important amine compounds ; (2) the decomposition of similar
sulphur compounds (and perhaps of substances belonging to
other unstable groups) ; (3) the metamorphosis of meta-
phosphates and pyrophosphates into orthophosphates. Reac-
tions (1) and (2) will make it impossible for the foodstuffs to
be assimilated to form cell-substance, for the unstable groups
in the food mixture will have been destroyed. In the case
of reaction (3) the unfavourable effect is twofold: in the
first place the food will have been deprived of the metaphos-
phoric and pyrophosphoric radicals, which are essential to
nutrition; and secondly the aid to the process of coupling
which would have been furnished by these phosphorus
derivatives, will now be lacking.

In the second chapter we learned that the lower-grade
amino-acids are apparently of no vital importance, seeing that
they can be formed within the body out of higher compounds
by ample oxidation. When, therefore, we think of disaminisa-
tion as a pathogenic influence, it is only the amino-acids of
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high molecular weight that come into the question, hut
are present solely in ccmipnrativrly small quantities in prophy-
lactic or curative D-containing rxtrai'ts. Hut thm* is i*vulmcc!
telling against the theory that di-samim-Nation by halting in
of much importance1 in this connexion. V^t inst.uu-i-, in !hif

sufferers from beriberi in Mi'Huputamia, thr m«*at rations
had been lavish. If, tlK?rdfon% \vt; arr to n^ard thi- Ink of
certain amino-acids as the essential causr <>i th«« m.ilmitrjit^fi,
we must suppose that the meat must haw imu rjmtr «h*m-
tegrated by the process of sterilisation a far m**tr thoruu^h
disintegration than can IK* efi<?ctt:tl in tJw thi'tnita! Lihm*iU.tty
during artificial hydrolysis. I th*?rrf«"*r«? rumnlrr t lpt tin?
disaminisation factor may be dismiHwtl fir»m th«* rtrrkilling.

Again, complete disintf^ration of the nutphur rumjimimi*
is hardly conceivable even in uhra--strrih^fl iiit-al, J*«> that
this assumption has little probability in it-* favwur.

With regard to the third hy{*othe,s.K on ihr t*thvt hand,
the experiments of Franeb and Trowhnd^i*«M mnl tho*«? «f
Trowbridge and Stanley lfS have* shriwn that whrri nir-if i%
boiled even for a comparatively brief pf*ricx!4 rir^rinic
are transformed into inorganic. I ronsiilrr that in
with the appearance of beriberi in IH*TMM*% UU a ^ r t i l i ^ diet,
this is the factor we have rhifUy to rnn^idrr ;w:fmmt;il4r ft*r
tha causation of the atrophy and tk*$mrtMi*m ut mn^.\m$

nerves, and glandular tissue*. Thus w«? c«mr back tw ttif.
early view of Schaumann, that th« Ltrk of ar^^nir. p\ump\mtn%
compound* must play a leading part in thr rttokfty «#f p4y^
neuritic disorders. If dosage with " rirgitnit: plii^pti^irii'*
failed to do any good, tins was l:M.*c;ium* thr pb*^|ih*itr» fjivrn
were not those vitally esHcmtuil phonphatitn tiorni^Hy
in the food. The phosphorus tompuuntfc iiM.'.d in the?
ments have for the most part bmi m i x c l g
simple ester-like combirmlium of ordinary
acid, not containing the mittaphosphat« mud py
that are indispensable to the animal organism*

This must not be interpreted as an aaatertton that meta-
phosphates or pyrophosphates would be effective aii such*
for it is quite possible that what countu b their mode 0I
combination in organic matter. No doubt when we tiydfcilyit
organic substances containing phoffphorus, wt* find thote
phosphate; but it does not follow that the animal organism
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is competent to produce them. We know, indeed, that when
digestive enzyme acts on the nucleoproteins, phosphoric acid
is split off provided the action is continued long enough;
however, the latest investigations point to the conclusion
that in natural digestion no such complete splitting off takes
place, but that larger and more complex compounds are
absorbed from the alimentary canal.

Until further study has supplied us with better lights, we
are entitled to accept as a working hypothesis that in these
illnesses the repair of tissue waste has been rendered impossible
by the lack of certain organic phosphorus compounds in the
food. JThis lack is in some cases due to the direct removal
of certain ingredients, as in the " polishing " of rice, or in
the boiling of food and the subsequent throwing away of the
water used for the purpose ; and in some cases it is due to
the destruction of thermolabile substances by excessive or
unduly prolonged heating. Hence the atrophic changes in
the affected organs, for continued work without the replace-
ment of the used-up material must in the long run infallibly
cause degeneration. An additional factor is undoubtedly
the lack of catalase, owing to which the catabolic changes
must run an abnormal course. A further source of trouble
is that the medium in which tissue change has to be effected
is rendered unfavourable, on the one hand by the presence
of these products of abnormal catabolism, and on the other
hand by a deficiency of inorganic constituents.

An objection which may be put forward against the fore-
going theory is that in starvation states, when the supply
of the same substances is likewise absent, though atrophy
ensues, there is no degeneration. We must, however, remember
that in starvation the course is far more rapid, and that in
polyneuritic disorders the period of incubation is often
considerably longer than is requisite in starvation for a fatal
result. It has, moreover, been proved that during starva-
tion the most vital organs are nourished at the expense of
the others, in order that the former may be kept supplied
with adequate nutriment. In starvation, therefore, the less
important organs atrophy, and will at most exhibit degenera-
tive phenomena towards the very last, whereas during the
prolonged incubation of polyneuritis there is plenty of time
for degeneration to ensue
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THE CONDITIONS OF GROWTH

1 .

THE old schematisation of tin* theory ««J nntiition. with its
undue stressing of the* importanrr *4 th** nj>|!v of pfMtcm
and energy, wrought much harm, and Muwhm* w,r« th<- hatin
so manifest as in tin: domain of tin- frrdmit *4 t.hiMtrn NiJIirt?
it to recall how authorities in tii*'tHj«f-.4 innai'ini* th«v untv^wd
demand for food ch-pt'iicient u|«*n i;t«*vih, wi*r«? i«4i!*iu t.u
estimate children's nml frii ntitiiin«-ut a j'r««j«*iti<.4i.il to
size ami weight. So ImMwmm! w;i,s lh«* a]»)4i?-*itiun *4 tin**
principle tfiat we arc really ^ntitlrcl t«i woiii!**r \h,*\ thn
nutritive rcquircnsMits trf infant?- ttwirms dnniii* flir ftr^t
weeks of life were not suj«pr*srtl to l«* n*stritiril t*# z % «4 the
requirements of the adult, A go*>*l tnaiiy y«-ai'« ag« f j ^
out that growth nrcir^sarily tlrimimh a far IIU-I*- ;irttvr
over, and that for thin tvns**n flu* nutnftvt* irrj!iir*iiintf^
during growth must be* incoinparafily itfralrr than th«w «4
adults. I showed fnrthfr th;U# thanks in the* j*r*!;intry
which ignored thin ctmsidrrattMn, tin* n-Mtll^ «f ;t.ll fhr
investigationn regarding tlu* ituttitton of th<* p-*|nilalipn nf
the United States (invi^tigationH which Iwvr *mf many
millions of dollars) have been w«irthlr.ss. tluring the larf
decade there has been a change for the filter, timitgh at
first, it would neem, only on the c4hir wile* r*f thr Atlantic,
Thus in 1920 M, A. Brown *«** clachired that thr nutritive
requirements of the growing f^rganî m hud hitherto
greatly underestimatitd. Despite theory, in practicr,
children are not thriving, tlws** r^|jonsibl« for their care
always ready to try and enforce mtpttwittumi by an extrava-
gant supply of nutriment, chiefly in the form of
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but sometirfees in that of carbohydrate or fat. Witness the
innumerable proprietary preparations for the feeding of
children with which the market has been flooded for decades.
The very multiplicity of these preparations is the best proof
that most of them are ineffective, and that those who
recommend and use them are on the wrong road. The trouble
is that, as Terrien I2lS phrases it, far too much faith has been
put in the so-called dietetic test. The mere fact that by an
excessive supply of nutriment it is possible to cause an increase
in weight, by no means signifies that the development of the
growing organism has necessarily been redirected into the
right channels. To justify a conviction that such an improve-
ment has occurred, we must ascertain by detailed and accurate
observation that absorption and excretion are properly
related each to the other, and that the increase in weight
is not due to a morbid deposit of fat or a morbid retention
of water in the tissues.

Here prolonged observation is requisite, and the medical
practitioner is seldom able to undertake anything of the
kind. The patient is brought to see the doctor once or twice
at the ordinary hours of consultation, and that is alL There
may or may not be improvement. Unless improvement is
immediate and obvious, the parents are apt to grow
impatient and to consult another physician, who will have
a different method. While each adviser, guided simply by
the increase in weight, may be convinced that his prescriptions
have been helpful, in the unfortunate little patient grave
disorders of health are gradually developing, and the
specialist whose advice is ultimately sought may be unable
to ascertain their direct cause.

The disastrous results of the present methods of child
feeding in our large towns should suffice to convince anyone
that the period of observation should be much longer than
is now customary. If we are to draw sound conclusions as
to the value of any particular diet, it is not enough that we
should be able to show that one individual apparently thrives
upon it. Osborne ia24 is right in maintaining that in many
cases the effects of errors of nutrition do not become notice-
able for three or four generations, and the assertion has been
endorsed by numerous other investigators. How many
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instances of so-called degeneration, of anatomical hindrances to
childbirth, of incapacity for procreation, conception, lactation,
etc., are referable to dietetic errors in earlier generations !

'it is obvious that the life of the individual human being
is too short to enable any one of us to make a sufficiency of
observations in the case of the human young. On the other
hand, we must carefully avoid a premature application to
human conditions of the results of experiments on animals.
But when it is possible to trace a close parallelism in these
respects between human beings and the lower animals, the
transference of conclusions is justified. Above all, it is justi-
fied when the same causes produce the same effectsrin the
most diverse classes of animals, as in birds, rodents, ruminants,
omnivora, and camivora, and when it is possible to prove that
in a comparatively short time these causes produce the same
effects in human beings. Then we may apply to human
dietetics what we have learned from experiments on animals.
We saw in the last chapter how valuable this method has
been in the case of the polyneuritic disorders, notwithstanding
the fact that we may be disinclined to regard the experimental
polyneuritis of birds as perfectly identical with beriberi in
human beings. From this outlook, the investigations of the
last decade, and especially those of very recent years,
although they have been carried out on animals, are of over-
whelming importance in their application to dietetics in the
case of adult human beings no less than in that of children^

2. IMPORTANCE OF PROTEIN.

In the second chapter a detailed account of the importance
of protein was given. Most of the experiments upon which
that account was based were made and confirmed upon growing
organisms, and as far as generalities are concerned it will
suffice to refer to what has previously been said. All that
I need add here is that, thanks to the dominant tendency to
overestimate the importance of protein, substances shown by
a cursory chemical examination to contain a considerable
percentage of crude protein are often esteemed far more
highly than their merits warrant. Let me recall the wartime
attempts in Germany to supply a richly albuminous nutrient
derived from yeast. To make " nutritive yeast" (as it was
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pompously styled) money was spent by the million, large
quantities of sugar being wasted in the process—though
sugar was exceedingly scarce and was urgently required for
the feeding of the people. This sugar was literally thrown
away, for physiological experiments on nutrition have proved
that the crude protein which " nutritive yeast" certainly
does contain in very large quantities, partly consists of free
amino-acids and is partly of low biological value, so that
ordinary potato protein is a far better nutrient. (Cf. Funk,
Lyle, and McCaskey.567) In brief experiments on human
beings, Wintz 53<> did, indeed, find that when the rest of the
proteinmin the diet wees high-grade, as much as 30 to 40 % of
the protein could be given in the form of yeast protein and
effectively utilised ; but the exhaustive researches of Hawk,
Smith, and Holder 87* have shown that in ordinary circum-
stances the amount of " nutritive yeast" protein in the diet
cannot usefully exceed from 10 to 30 %. Moreover, the use
of yeast protein is restricted by the fact that not more iham
one or two grammes can be tolerated. When as much as
four grammes are given, diarrhoea sets in.

In like manner the crude protein of the pulses that
ordinarily ripen in Germany is far too highly esteemed. In
my own experiments,3*9, 6r4, 785 the protein requirement of
an adult human being could not be tolerably well supplied
by a smaller quantity than ten pounds of haricot beans daily.
McCollum, Simmonds, and Pitz,6*5 and McCollum, Simmonds,
and Parsons,6^ report that the protein of ripe peas, beans,
and lupines is quite inadequate to maintain growth.

I t is essential to remember that many varieties of protein
that are able in an emergency to keep an adult going (the
whole rye grain, for instance 896), are incompetent to provide
for normal reproduction, or to ensure a proper secretion of
milk. Consequently, when the diet is ill-balanced, and when
these sorts of protein predominate, the offspring may suffer
seriously even though the parents may seem to be doing well
on such a diet.

The following varieties of protein are known to be quite
inadequate to maintain growth: the aggregate protein from
beans, peas, and lupines 645> «9*> *96; phaseolin,335. 423 legumin,
and vignin (which are able at most to keep up the body-
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weight22^ 423) ; rye,*96 wheat,5*5, 579, $*, 801, 896 barley,74°, 896
oats,598,635, 896 rice,8?6 maize,8^ soy beans,^6 zein^s, 4*3 conglu-
tin,235* 423 hordein (can only maintain weight 225, 42-3), gliadin
(can only maintain weight 3-5, 246,423. 55°), carrots,784 gela-
tin,2^* 423 bananas.775,968

It is true that in certain parts of the before-mentioned
nutrients we find varieties of protein which are able to
function as efficient growth-factors, such as edestin ("badly ! 541)
excelsin,225» 423 maize glutelin,235, 423 and the protein of the
wheat germ.5°7 But these adequate proteins are not present
in quantities sufficient to supply the needs of the growing
organism. Since, however, the various proteins differogreatly
in composition, it is sometimes possible to induce satisfactory
growth by a mixture of foodstuffs each of which, is separately
inadequate. It is important that the ingredients of such a
mixture should not belong to the same class of foodstuffs,
for within any one class the proteins will usually he found to
have the same general composition, and therefore to present
identical defects. The leading defect, as a role, is an
insufficiency of certain ring compounds—such, ainino-acids
as tryptophan or tryosin, and above all an insufficiency of
lysin and cystin. Hence the cereals, which are poorly fur-
nished with, lysin, are per se quite inadequate, but can be
rendered adequate as growth-factors by the addition of
gelatin, since this substance contains 6 % of lysin. 598» 6a5

There is not a very large choice of really adequate
nutrients. Among seeds, the only ones we know to be
adequate are cotton seeds, for cottonseed meal, when not
too finely sifted, suffices to maintain growth.4939» 5*4, 55°> 654
Furthermore, cottonseed globulin is adequate, as is also
pumpMnseed globulin.^, 423 Potato protein,567 too, is
adequate; my own experiments showed this protein to have
an unexpectedly high biological value. Eggs,3^ 745 and also
the separate proteins they contain (ovalbxirnin and vitellin),
are adequate growth-factors.*35> 4*3 In my own experiments,
the adequate protein of milk was found to resemble the
adequate protein of egg in possessing the very highest biological
value.7^5 As regards lactalbumin, its high biological value
has also been proved by experiments on animals,235, 4*3, 54*
although Chick and Dalydl have shown I378 that by stipple-
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menting lactalbumin with small quantities of cystin a further
increment of growth can be secured. Opinions differ as
regards casein. In experiments of only 30 days' duration,
Osborne and Mendel «5. 423 found that casein could maintain
normal growth in mice ; but subsequently they reported
that it was only two-thirds as effective as~ lactalbumin 54« ;
by the addition of small quantities of cystin, casein could
be rendered as good a growth-factor as lactalbumin. This
may explain Hopkins' observation,^ that casein was not
fully adequate, but could be rendered adequate by supple-
menting it with very small quantities of milk—quantities so
small a3 to increase the amount of dry substance in the food
by only 4 %. Still, we must not reject the possibility that
in Hopkins' experiments the mixture of salts employed may
not have been fully adequate, and that the beneficial effect
of the addition of milk may have been due to the salts in the
milk rather than to the small quantities of lactalbumin it
contained. Finally, Osborne and Mendel have drawn atten-
tion to the fact that what is called " protein-free milk *' really
contains small quantities of cystin. This may account both
for the improvement in the efficiency of casein noted in Hopkins*
experiments when rnilk was added, and for the great superiority
of natural milk to isolated lactalbumin or casein,

I must not omit to mention the opinion of many investi-
gators that, after a certain age, milk is unsuitable as the sole
source of protein. Freise1006 agrees with Mattill and
ConklinIj85 in referring this unsuitability to the fact that
milk is not a sufficiently concentrated food, and they have
secured far better results when fresh milk has been to a large
extent replaced by dried milk. But these same experiments
really show that the reputed inadequacy is not due to any
defect in the composition of milk protein, but obviously to
the modified requirements of the adxilt organism in the matter
of inorganic constituents.

I t has been shown in the foregoing that inadequate proteins
can sometimes be rendered adequate by supplementing them
with other proteins which are likewise inadequate when used
exclusively. Obviously, then, an inadequate protein can be
still more easily supplemented by an adequate protein. For
instance, maize may be converted into an adequate growth-
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factor by adding blood 34*, s™ or milk "43; maize gluten, by
lactalbumin or cottonseed meal55o; cereals, by gluten, casein,
yolk of egg, or milk w ; maize by lactalbumin 6 l3; rice,454
or seed protein in general,579 or bananas,775 or cajrots,7*4 etc.,
by casein. The amount of the supplementary protein required
is comparatively small, and Osborne and Mendel ̂ 3 draw
special attention to the fact that it is far less than would "be
needed if the supplementary protein had to function as the
sole source of protein.

In the second chapter we learned that the minimal
quantities of protein needed to maintain weight have hitherto,
as a rule, been overestimated. The statement is lessr applic-
able to the period that immediately follows birth, for a t that
time, owing to the demands of growth, comparatively large
quantities of protein are required. Still, the difference
between the minimal amount needed to maintain weight and
the optimal requirement for growth is not very large. McCol-
lum and Davis 435 report that in the case of young rats for
the maintenance of weight the minimum proportion of milk
protein needed in the food is 3 % ; that, as the proportion of
inilJc protein is increased, growth proceeds more rapidly
until the amount of milk protein in the food reaches 8 % ;
this is the optimum, for further increments of protein do not
advantage growth in any way. Several years earlier, Osborne
and Mendel a25 had come to the same conclusion.

If the quantity of protein is kept near the rniuimuin, or
at any rate well below the optimum, an increase in fats or
in carbohydrates, even though considerable, does not exercise
a favourable influence on growth.^1 This observation con-
flicts with the generally received opinion, "but it accords
perfectly with the demands of the law of the minimnrn, When
the amount of protein in the diet is reduced, the experiments
of Richardson and Green *54 show that the first effect is that
the rate of growth falls off, and that when the protein is
rahiced to the minimum that will maintain weight, growth
is completely arrested. If, now, the amount of protein in
the diet is yet further reduced, loss of weight ensues.

Of course the level of both the minimum and the optimum
is mainly determined "by the nature of the protein used as
food. In addition, however, the relationship between the
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protein and the total supply of energy plays a notable part.8*?
Though, as already said, assuming that a definite amount of
protein is being given, even an immoderate increase in the
supply of energy in the food fails to exert any influence on
growth, Bierry 833 is right in insisting that a minimal supply
of protein carries with it the need for a minimal supply both
of fat and of carbohydrate.

3. IMPORTANCE OF INORGANIC SUBSTANCES.

Nevertheless, a diet containing adequate amounts of
protein, fat, and carbohydrate, is still far from being competent
even t a maintain the body-weight, let alone maintain normal
growth. In Chapter Three the importance of the inorganic
constituents of the food has already been discussed. Here
I need merely point out that it is not enough for the food
simply to contain inorganic salts; what is indispensable to
an adequate diet is that the supply of inorganic constituents,
and the varying quantities of the respective salts, should be
duly related to the age of the individual under consideration,
to Ms bodily and mental condition, to the nature of the nutri-
ment he has hitherto "been receiving, and to the present supply
of food. We have learned with regard to the inorganic ingredi-
ents, that not merely must there be a sufficient minimum
of each, but that they are mutually interdependent, so that
the various minima are not constants (as has hitherto been
generally assumed "by dietetic experts). The supply of the
inorganic constituents of the diet must therefore be adapted
to the supply of the respective organic constituents; and
above all to that of the protein in the diet, for protein contains
an excess of sulphur and phosphorus, which in the healthy
organism are oxidised to form the corresponding acids, requiring
for their excretion a suitable supply of "bases in the food.
The conditions that regulate the bodily requirements in respect
of protein axe already complicated enough; but it follows
that the conditions that regulate the bodily requirements in
respect of inorganic constituents must be no less intricate.

I t must be remembered, too, that, in the groining organism,
metalxrtism is necessarily far more active than in the adult
organism,, and that the increased turnover in the former
creates a fax greater demand for inorganic nutrients. There
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are two substances in particular of which the adult organism
has comparatively little need, whereas in the growing organism
the demand for them is exceedingly active. I refer to iron
and calcium. As far as sucklings are concerned, nature attends
liberally to the matter : for at the beginning- of its earthly
pilgrimage the immature being receives an ample provision
of iron from the maternal store; and milk is extraordinarily
rich in calcium salts. But when the sources of milk run dry,
the prospects of an adequate supply of calcium are greatly
restricted.

It is a good thing, therefore, that, by the very fact of
growth, the growing organism is enabled to utilise t he
calcium salts of the food in a way impossible to adults. The
adult has to devote a large proportion of the calcium supplied
in the food (and what is said here of calcium, applies on t h e
whole to magnesium as well) to promoting the excretion of
the excess of phosphoric acid contained in the diet. In t h e
suckling, on the other hand, there is an active demand for
purely inorganic phosphoric acid no less than for calcium,
seeing that the former is needed as well as the latter for t h e
building up of the osseous system. In the adult organism,
large quantities of tricalcium phosphate are excreted as
excess of ballast by the mucous membrane of the large intes-
tine, and are eliminated with the faeces ; but in the growing
organism they are built up into the substance of the bones.
Here is a characteristic difference between the metabolisms
of the respective ages.

In the third chapter we learned that, in respect of inorganic
ingredients, foodstuffs can be divided into two main groups,
respectively containing an excess of bases and an excess of
adds. Apart from the artificialities introduced by civilisation
and by its dealings with the cultivated plants, the distinction Is
a sharp one and is of fundamental importance. Furthermore,
we saw that within each of these main groups the different
classes of foodstuffs have their own peculiarities. For example,
the proteins of most seeds, and especially those of the cereals,
are especially characterised by inadequacy due to a lack of
cystin and lysin. In like manner, it is a common character-
istic of seeds, not only to contain an excess of acid, but also
to exhibit a deficiency of calcium. For lime is almost always
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present in the soil, so that seeds need not contain any more
calcium than is requisite to provide for the growth "of the
first rootlet. In growing animal organisms, on the other
hand, the need for calcium is very great. Cereals, consequently,
quite apart from the fact that they contain an excess of acid,
are about the most unsuitable food we can force upon the growing
animal organism. The best proof of this is that even
graminivorous birds collect insects to nourish their young.
The fledglings of the most strictly vegetarian birds are
carnivora!

I am merely repeating here what I have said time and
again gisewhere, but it will be well for me to show how exten-
sively recent study of the determinants of growth proves that
we are concerned with something more solid than ingenious
speculations of my own. Enough to refer to especially import-
ant and characteristic researches. Funk,527 McCollum,
Sirnrnonds, and Pitz,6*5 and Hess and TJnger,75<> state that
the supply of inorganic salts in oats (whether the whole grain
or the meal) is inadequate for the upbringing of young animals.
Hart, Halpin, and Steenbock655 inform us that wheat cannot
maintain growth unless supplemented with basic sodium and
calcium salts; and according to McCollurn, Sirnrnonds, and
Pitz,5°7 the germ of the wheat grain is Likewise inadequate as
a growth-factor. The latter make the same report regarding
rice ; and McCollum and Davis 454 state that rice is deficient
in bases. The mineral content of barley is quite insufficient
for the needs of the growing animal organism, and this grain
must be supplemented by a complete mixture of nutritive
salts.740 Various reports are available as concerns the supple-
mental need for inorganic salts in animals fed on maize.
McCollum, Simmonds, and Pitz,57* Hogan,634 Hart, Halpin,
and Steenbock,655 and OsTxoie, Mendel, and Wakeman,1280

all lay stress on the deficiency of calcium in maize, saying that
there is not even enough to supply the needs of the adult
pig ; and Hogan 5^ further insists that, for the promotion of
growth, a. maize diet must be supplemented by sodium and
chlorine in addition to calcium. McCollum, Simmonds, and
Parsons,6*1 and Hart and Steenbock,956 make the general
statement that for the maintenance of growth the cereals
must be supplemented by sodium, calcium, iodine, and perhaps
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chlorine as well; and Hart, and McCollum w expressly declare
that all the cereals contain an excess of acid, and that a cereal
diet therefore requires the addition of inorganic hases.

Cotton seeds axe an exception to the general run of seeds,
for they contain a protein that is fairly competent to maintain
growth. Richardson and Green 5*4 found, however, that
these seeds likewise are inadequately furnished with calcium
and other bases. According to McCollum, Simrnonds, and
Parsons,^1 haricot beans are not able to maintain growth
unless their protein and complettins are supplemented by the
addition of calcium carbonate and sodium chloride ; and
McCollum, Sinunonds, and Pitz 645 state that the pulses-gener-
ally are inadequately supplied with sodium and calcium.
McCollum and Davis 431 report that seeds as a class are lacking
in inorganic nutrients, and must be supplemented by mixtures
of inorganic salts.

Bananas, again, are too poor in calcium to be adequate
growth-factors.775. i%°> 980 Roots and tubers are often greatly
deficient in calcium, and sometimes deficient in sodium.
According to McCollum, Sirnmonds, and Parsons,777 this is
especially true of potatoes; and according to Denton and
Kohniann,784 of carrots.

Various authors emphasise the difference, from the nutri-
tional outlook, between the green parts of plants and the
seeds. Whereas the seeds contain an excess of acids, the
leaves contain an excess of bases; and whereas all seeds axe
deficient in calcium and sodium, leaves are often richly supplied
with these bases. McCollum and Davis 43r have shown in
thdr experiments that omnivora (such as pigs and rats) fed
CHI grain can rear their young provided that the grain is
adequately supplemented with green fodder. McColhim,
Simmonds, and Pitz,645 even in experiments on birds, supple-
ment grain feeding by giving leaves rich in sodium and
potassium; and they point out that under natural conditions
the graminivora do not live exclusively on grain, but ha^ve
a great liking for young and tender greenstuff—for instance,
they nip off and swallow whole the fresh shoots of newly
germinated plants. In view of these facts it is rather remark-
able to find McColhiin (McCollum and Davis 440) maintaining
that the alkalinity or acidity of the food has no inflaence on
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nutrition. This strange assertion is explicable on the ground
that for the estimation of the base-acid ratio McCollum
employed the obsolete and fallacious method of titration of
ash alkalinity. The method will often disclose ash with an
alkaline reaction in foods which a more accurate analysis
shows to contain a marked excess of acid; during the process
of conversion to ash, the greater part of the sulphur and
chlorine often disappears. This is why McCollum and Ms
collaborators, in preparing their artificial mixtures of salts,
have paid insufficient attention to the supply of bases, so
that their mixtures are inadequate in that respect. Owing
to tha fact that their mixtures do not contain a sufficient
excess of alkali, their successes in the upbringing of young
animals cannot be compared with, those of Osborne and his
pupils, who used mixtures of inorganic salts containing a
more notable excess of alkalies. Thus a single defect in
analytical technique can introduce the greatest confusion
into the results!

4- IMPORTANCE OF THE METHODS OF PREPAEIKG FOOD.

I t is necessary to insist once more that nutrients may
not only "be primarily inadequate in respect of their content
of inorganic salts ; they may be primarily adequate, but
may be rendered inadequate by the method of preparing
the food. For example, the cereals already have a poor
equipment of inorganic salts; if now, in preparing pap for
children, only the finest sorts of meal be employed, we are
using a substance from which the greater part of the salts
has been discarded, so that such a food may be directly
pathogenic. Again, the common practice of throwing away
the water in which food has been boiled, leads in many
instances to a dangerous impoverishment in the inorganic
constituents of the diet. (Vide supra, pp. 73, 125, and 171.)
Furthermore, measures that might be supposed to have no
effect of this kind, such as the sterilisation of milk, may in
certain circumstances bring about important changes in
the mineral content of a foodstuff. We have already learned
that when milk is sterilised by heat, the calcium-magnesium-
caibonophosphate it contains (a salt indispensable to the
upbuilding of the bones) breaks up into its constituent salts,
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and that three of these, namely calcium phosphate, mag-
nesium phosphate, and calcium carbonate, are quite insoluble.
Not merely does there result an impairment of the physiolo-
gical working of the substances in question; but further,
as McCollum and Parsons *3<>o have shown, a partial coagula-
tion of the milk protein ensues during the sterilisation. The
coagulated portion is precipitated with the salts, and clings
firmly to the wall of the container. Thus the simple sterili-
sation of milk, as for example in a Soxhlet apparatus, leads
to a physiologically important reduction in the bone-forming
salts of the milk.

The author is, therefore, in full accord with Osbqrne,1"*
who insists, that the urgent interest and novelty of th& com-
plettm problem must not lead us to forget the decisive importance
of tht inorganic salts.

5. THE FAT-SOLUBLE COMPLETTIN A.

It has been proved that normal growth cannot be secured
by the most sedulous attention to the four great classes of
footstufis hitherto recognised. An adequate supply of pro-
teins, fats, carbohydrates, and inorganic salts, is far from
sufficing in this respect. The priority here must certainly
be given to G. Lunin,3 who showed as long ago as 1881
that substances of a hitherto unknown character, essential
to growth, were apparently present in milk. The state-
ment was confirmed in 1912 by F. G. Hopkins.203 Almost
simultaneously, Osborne and Mendel 2~5 drew attention to
the same fact, and investigators generally now became aware
that water-soluble growth-factors must be important ingre-
dients of food. As early as 1909, W. Stepp93 recorded the
pioneer observation that nutrients which have been extracted
with alcohol and ether cannot maintain life in mice; but
that if the alcoholic extract has been made in the cold, its
readdition to the nutrients renders them adequate once
more. In this connection, physiologists were at first inclined
to think of the lipoids, some of which are soluble in alcohol.

In the following year, however, Osborne and Mendel 3°5
showed that the factor under consideration was not universally
present in fats. For instance, normal growth does not take
place in animals fed on an artificial diet in which the sole
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fat is lard or dripping ; but if a little butter be added to
the diet, or if butter be substituted for the lard or dripping,
normal growth is resumed. In these experiments it was also
proved that the fat-soluble growth-factor must be an ingre-
dient of those portions of the butter fat that have a com-
paratively low melting-point. When the butter was melted
at a moderate temperature and centrifuged, the growth-
factor was concentrated in the clear butyric oil. Inasmuch
as this butyric oil is practically free from nitrogen and phos-
phorus, it was manifest that the growth-factor could not
belong to the lipoid class.

Much interest was aroused by this discovery, and numerous
investigators now attempted to elucidate the nature and
mode of action of the complettin A. Since the effects of
this substance are not confined to the promotion of growth,
it will be necessary to devote a special chapter to the fat-
soluble complettin A, and for the nonce we need concern
ourselves only with its function as growth-factor.

The researches of McCollum and Davis, 453,454 and those
of Drumrnond, 499 and others, speedily showed that this
complettin A is in fact indispensable to growth. The presence
of the substance in butter was confirmed by McCollum and
Davis, also by Aron,44$ and by Langstein and Edelstein.73°,78o
Codliver oil, and fish oil generally, contain it in abundance %)6;
so does the body-fat of beeves, whereas the storage fat con-
tains very little.^34 Among the vegetable oils, linseed oil6^
is extremely poor in this constituent; and olive oil and
rape-seed oil 730, 7&>, 896 contain but little. Cocoanut oil, and
the palrnin or vegetable margarine made from it, are very
ill-supplied with the growth-factor 7?°» 7%° ; whereas animal
margarine manufactured from oleomargarine or olein con-
tains a fair amount, though not nearly so much as real
butter. On the other hand, the stearin residues obtained
by pressure as a by-product in the manufacture of animal
margarine is devoid of the complettin A.424 Seeds contain
very little, and are therefore inadequate foods in this respect;
millet, hemp seeds, 636» 682» fy* and cotton seeds,534,654 are
exceptions. Among the cereals, oatmeal (which has of late
been so widely recommended as a food for children!) is
particularly poor in A, aad is therefore incompetent to pro-
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mote growth.6^. 75* Maize,5« rice,454, 5°7 and barley^0 are
not much better ; nor is wheat, this statement applying "both
to the whole gTain and to the gercn.5°7> 5*5 Whereas the
cereals in general contain too little A,w some of the pulses
are adequately supplied ; the soy bean is notably rich in this
substance.^ Bananas have too little 775; so have potatoes.777

The discovery was soon made that the A content of a
fat is greater in proportion as the fat is of a richer yellow
tint. Then it became apparent that this is likewise true of
root crops; whereas potatoes, which are colourless, contain
very little A, carrots, and in especial the more richly coloured
varieties, contain an ample supply. More careful researches
showed, however, that the association of a high lipochrorne
content with a high A content is merely fortuitous; nutri-
ents containing much lipochrome may sometimes contain
little A, and conversely nutrients containing little lipochrome
may contain much A. Further investigations disclosed the
fact that fat-soluble A may be present in a foodstuff that
contains no fat at all, or practically none. Green leaves,
for instance, which (except for their minimal supply of leaf-
wax) are almost devoid of fat, frequently contain consider-
able quantities of A—more than most fats contain.

Melianby 1J35 is, indeed, disposed to consider that the
importance of A as a growth-factor is inconsiderable, for in
his experiments, in which dogs were given a diet containing
very little of this complettin, growth seemed to he inde-
pendent of the A content of the food. He quotes as con-
tributory evidence the experiments of Hess and Unger, in
which the growth of children fed on dried skim-mili, sugar,
cottonseed oil, autolysed yeast, orange juice, and flour, was
perfectly normal—for Melianby holds that this diet was
practically devoid of A. But neither Mellanby's own experi-
ments on dogs, nor those of Hess and Unger on children, are
conclusive as to the indispensability of A as growth-factor,
seeing that the assumption that the complettin A is met
with only in animal fats is absolutely erroneous. Later
investigatioiis have shown that skim-milk, and also Osborne's
protein-free milk, contain notable quantities of A. Even
the casein of commerce manufactured from skim-milk, and
the lactose of commerce prepared from whey, often contain A,
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sometimes in considerable amount. If we further bear in
mind that cottonseed oil, autolysed yeast, cereals, and, in
especial, orange juice, all contain a fair proportion of A, we
shall readily understand how, in the diets specified by Mel-
lanhy, the summation of the small quantities of A in the
various nutrients can easily have produced a total fully
adequate to maintain normal growth.

Before leaving the complettin A, it will be as well to
male perfectly clear that A is not identical with either the
lipochromes or the lipoids. The investigations of Palmer
and Kempster959> 9s0* 961 have shown that the substances
belonging to these categories have no effect on growth. In
addition, we must note that the complettin A exhibits a
notable degree of thermostability. It does not seem to be
any the worse for prolonged boiling (in milk), or even for
prolonged heating to over 1200 C. (in butter). It is, how-
ever, very sensitive to the oxygen of the air. Its efficacy
is seriously impaired when butter containing it is brought
to a temperature of 100c C. and vigorously stirred; while
if air is forced through the melted butter, the complettin is
rapidly destroyed.

6. THE GROWTH-COMPLETTIN WATER-SOLUBLE B.

a. Historical.
The part played by the complettin A as a growth-factor

has not yet been fully elucidated, although it is known that
A certainly does function in that capacity. I t is much the
same with the water-soluble growth-factor, the complettin B.
True, that the previously quoted observations of Hopkins
and Funk refer mainly to the complettin A ; and Funk's
original assumption was that a diet containing both A and
vitamin was fully adequate for the maintenance of growth.
But this acute observer soon realised that in addition to
vitamin there must be other water-soluble substances of
fundamental importance. More especially he learned from
the experiments he published in 1913 and 1914 that ade-
quate growth could not be secured by an artificial diet rich
in vitamin unless it also contained the second water-soluble
growth-factor^1*. 3*3, 334, 3^ His researches were soon con-
firmed by other investigators, and McCollum and Davis 45& 454
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expressly declared that a special water-soluble growth
factor must be indispensable in addition to Funk's vitamin
and the fat-soluble factor A. Dmmmond,499 and at an earlier
date Osborne and Mendel,--5 found that milk contained
water-soluble growth-factor in the absence of which normal
growth was impossible; and Drumrnond secured similar
results with the lactose of commerce. We may parentheti-
cally remark that Funk 3** assumed that this growth-factor
had in the adult organism to be destroyed by some sort of
specific reaction; he held that the formation of malignant
tumours must be due to a failure to effect a sufficient
destruction of the water-soluble growth-complettin In the
adult organism. This complettin, he imagined, becoming
concentrated in some part of the body which, for one cause
or another, was peculiarly predisposed to such a concentration,
gave rise to a crude and uncontrolled proliferation of the
tissue cells.

McCollurn and Simmonds661 made interesting and
exhaustive researches on growing animals whereby the appli-
cability of the law of the minimum to the growth-com-
plettins was demonstrated. From these experiments it
appeared that when the food contained only A or only B,
even in marked excess, the animals speedily perished. Either
A or B might be given in quantities just sufficient to main-
tain weight, hut this could not keep the animal alive for
long. It soon became weak and succumbed to prostration.
If A or B were given to satisfy the minimal requirement,
and the other complettin were provided in excess, weight
could be maintained, but the animal died just as quickly
as if both A and B had been reduced to the minimum
requisite to maintain weight. If both A and B are given in
quantities exceeding the minimum requisite to maintain
weight, growth now takes place, becoming more active as
the dose is increased up to a certain point. But the opti-
mum requisite to promote growth is not very much larger
than the minimum requisite to maintain weight. McCollum
and Simmonds believe that it is easier to keep the animals
in good condition even if very small quantities of A and B
are given, than to ieep them in good condition when any
other factor of the diet is seriously reduced.
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AronI045 showed that extract of carrots contains large
quantities of B, but is inadequate as a growth-factor unless
supplemented with A, which can "be best done by adding
a high-grade fat. Delf,"^ who found that the expressed
juices of green vegetables are rich in B, proved that these
juices are not adequate growth-factors unless supplemented
with A. She was able to demonstrate that when the dosage
of B rises above the minimum, the growth-curve exhibits a
rapid rise. But the optimal effect is soon attained, and
beyond this point a farther increase in the dosage of B has
no influence on growth. Aron, and also Erich Miiller and
other specialists in the diseases of children, observed that
in children that were supposed to be thriving, to supplement
the diet by fresh vegetables, extract of green vegetables,
extract of carrots, or extract of bran, could alwaj^s bring
about a further increment of growth. These observations
show how defective the nutrition of our children must be
in contemporary life, even under what appear to be favour-
able conditions.

Obviously, experiments of this kind must be subjected
to a very rigid criticism, especially as regards the general
environment of the experimental animals. In earlier days,
before experience of these matters had been gained, experi-
menters were seldom able to breed healthy animals for several
generations in succession. As late as 1916, J. C. Drum-
moad498 (whose statement was confirmed by noted German
investigators) declared that it was impossible to bring up
chickens properly under laboratory conditions, especially
when the birds were fed on sterilised food. The belief gained
ground that the activity of t i e intestinal bacterial flora
must be essential to the life of the higher animals. But
further study of the conditions of life and growth in various
species of animals has shown that this assumption was erro-
neous. The ill success of the earlier experiments was mainly
due to a destruction of the complettins in the animal's food
by excessive sterilisation—by overheating. But, apart from
this question of the food, many of the environing conditions
are of vital importance. The animals must have room to
move about naturally; the food-containers must he pro-
tected from defilement, and yet must be readily accessible;
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there mast be a sufficiency of light and fresh air, etc. Nor
must psychical influences be neglected; the animals must
enjoy the pleasures of society, and must not be needlessly
disturbed. Merely taking them out of the cages frequently,
in order to weigh them, may have an unfavourable effect
on the growth-curve. Robertson and Ray483 have paid
special attention to such matters in experiments on mice,
with excellent results.

One factor of great importance is the supply of a suffi-
ciency of indigestible material to give bulk to the faeces—
material now termed "roughage." Aron44^ drew attention
to this in connection with nutritive experiments one rats ;
McCollum and Davis,43i and McCollurn, Simmonds,
and Pitz,5°7 in the case of omnivora; and Hart, Miller, and
McCollum,5x5 in the case of pigs and rats. Osborne and
Mendel,^2 and Hart, Halpin, and Steenbock,3260 were able
to show that the debility of fowls fed under laboratory con-
ditions could be completely cured by giving them a suffi-
ciency of roughage. The best material for this purpose,
better than charcoal or sand, is a chemically pure filter paper.
Considerable quantities of this material are requisite; a
hen needs about two-thirds of a square metre of thick filter
paper every day.

Difficulties arose, at the outset, in preparing" complettin-
free proteins, and indeed in the composition of the diet in
general. The first really decisive successes are recorded in a
paper by Osborne, Mendel, and W&keman 1O98 published in
1920, when the physical and chemical properties of the com-
plettins were fairly well understood. In a subsequent paper3

x33*
Osbome and Mendel amplify their reports, mating special
leference to the preparation and administration of the indi-
vidual complettins; but these prescriptions are less satis-
factory than could be wished, for the authors do not draw
an adequate distinction between the various water-soluble
complettims.

It is worth repeating here that, even when the other
environing conditions are all that could be desired, the
validity of the results may be seriously endangered by the
use of too small a number of animals. In this respect, like-
wise, Robertson and Ray's experiments on mice 4*4 deserve



THE CONDITIONS OF GROWTH 191

the closest attention. These observers have recorded the
average development of mice during the different stages of
their life. Obviously a knowledge of such details in the
case of experimental animals is of decisive importance in
our appraisement of the results.

In conclusion, it is well to note that the tastes acquired
"by animals during the natural conditions of existence in the
free state—their instincts, if you like to use the term—help
to safeguard them against mistakes. Osbome and Mendel 739
record the observation that rats given a free choice between
two food mixtures which appeared to be identical in respect
of tas^e and physical qualities in general, instinctively pre-
ferred the mixture which was adequate; some of the animals
that seemed to like a change of diet, and would not at first
confine themselves to one or the other, concentrated their
attention on the adequate diet as soon as growth began to
be deficient.

i . Occurrence of B.
Whereas the complettin A is not very widely diffused,

the complettin B is present in a large number of foodstuffs.
The following whole grains and other seeds contain con-
siderable amounts: oats,635 maize,578 wheat,579 barley,74*
malted grain,7& beans,636 soy beans,65?> *65 earth-mits,68r

pulses generally,^45 cotton seeds.654 CajoriI366 reports that
to maintain growth in rats, 0*5 gramme of chestnuts, walnuts,
or hickory nuts, 2 grammes of pine kernels, hazel nuts, or
Para nuts, and nearly 3 grammes of almonds, were requisite.
According to McCollum and Simmonds,683 seeds in general
contain large quantities of B, the husks and the brans being
especially rich in this substance,448, 730, i*>, 781, 896 which can
easily be extracted therefrom. McCollum, Simmonds, and
Pitz,5°7 and Osborne and Mendel,873 state that the germs
contain eyen more B than the bran or husk ; but the cereals
are least favoured in this respect. Bananas, according to
Sugiura and Benedict,775 and according to Langstein and
Edelstein,7&> are so poorly supplied as to be an inadequate
food ; but the insufficiency manifested in these experiments
may be referable to other causes. Aron 7*x insists that fresh
fruits contain plenty of B. Plums, pears, and apples,"47
axe not conspicuous in this respect; but cocoanut cake *7*



I 9 2 VITAMINS

oranges,n53 and lemons,11*? contain large quantities ; and
according to Osbome and Mendel orange juice is as effective
in this respect as fresh milk.

All observers are agreed 73°. 780, W in describing cabbage
as peculiarly rich in B ; so axe green vegetables in general.:*1

According to Osborne and Mendel,^1 1 gramme of the dried
substance of lucerne or spinach contains as much B as do
2 grammes of wheat, soy beans, eggs, or milk ; white cabbage,
clover, and timothy grass are about equal to spinach.
According to Steenbock, Gross, and Sell,IO53 and according
to Osborne and Mendel,10?8 among the last-named, clover is
the richest in B. Lucerne contains nearly as muoh, but
the amount in spinach, tomatoes, cabbage, kohlrabi, carrots,
and potatoes, is only half as great, and that in beetroots is
even less—all measured in the dried state. The dried sub-
stance of 16 cc. of milk has the same efficacy as x gramme
of dried spinach. According to Osbome and Mendel,937 con-
firmed by Whipple,I287 onions are fairly rich in B. So are
turnips, mangel-wurzels, the leaves of the same, and toma-
toes, very rich in B 937; and according to Steenbock, Gross,
and Sell ,9s * in an artificial diet, 15 % of carrots, swedes, or
the rhizomes of Arum macula turn (lords and ladies), will
suffice to maintain normal growth ; when sweet potatoes
were used instead of the carrots, etc., 20 % was requisite;
of sugar beet or of mangel-wurzel, even more was needed.
Lecoq I07* formulates what he regards as a general rule when
he says that all the active tissues contain large quantities
of B, whereas the storage tissues are comparatively ill-sup-
plied with this substance. This is in conformity with the
observation that wheatmeal 873 is rather poor in B ; and
that polished rice 454 and the finest cottonseed meal5>4 con-
tain so little that they are unable to promote normal growth.
It is not surprising that, according to Oslorne and Mendel,?37
grass should contain much more B than mature hay con-
tains, for the latter is already on the downward path towards
death at the time of reaping". McCoIlum, Simrnonds, and
Pitz6a5 stress the fact that all natural fodders, which have
not yet "been subjected to artificial methods of preparation,
are rich in B. We have seen, however, (and Steenbock, Gross,
and Sells81 are emphatic in asserting) that the quantity of
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B in any natural nutrient cannot be regarded as a constant,
for it varies according to circumstances.

The lower plants, likewise, are rich in B. Abder-
halden 896 has shown that fresh yeast contains large quan-
tities ; and Langstein and Edelstein 73°. 780 tell us that the
richness in B is maintained by yeast in the dry state. Pacini
and Russel7°3 demonstrated that an extract of typhoid
bacilli, and the culture medium in which these organisms
had been grown, were rich in B ; this throws a new light
upon the frequently observed fact that after typhoid fever
in children a rapid increase in stature is apt to occur.

Butcher's meat would seem, according to Osborne and
Mendel,663 to be very poor in B ; but meat extract is rather
more literally supplied. Drummond6^ makes the same
report as regards the muscular tissue of stock-fish, herring,
and preserved salmon. The aggregate herring seems to
be better supplied, and Drummond supposes that the differ-
ence is due to a concentration of B in the reproductive and
other glands. But the same authority reports that in mam-
mals the testicles, the ovaries, the pituitary body, the thyroid,
and the thyrnus, are very badly supplied with B ; and that
in rapidly growing tissues, such as those of the foetus and
of tumours, no B can be found. On the other hand the
pancreas,564 the liver, the heart, and the brain contain an.
abundance of water-soluble B.662> 1™

Of exceptional interest, of course, is it to ascertain the
B content of milk, the natural food of the growing organism.
Both human milk 7Sl and cow's milk 737 appear to be rather
poor in this growth-complettin. For rats, 16 cc. of milk are
requisite to secure normal growth; when the allowance was
limited to 15 cc, a supplement of 0-2 gramme of dried yeast
induced a marked and sudden increase in growth. As far
as the promotion of growth is concerned, it does not matter
whether we give full milk, slrim-milk, or Oshorne's protein-
free milk; approximately the same quantity of each of
these is requisite. In the case of dried milk, the dosage
must be about 50 % higher.737 Be it noted that the last
statement applies to the dried milk of transatlantic manu-
facture, which is much more sensfbly prepared than the German
brands. German dried milk probably contains very little B.
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Since B, like D and the vitamins, is apt to be carried
down as a precipitate with other substances, considerable
quantities of B are often found in the casein and lactose of
commerce.499* 579 If, therefore, these substances are being
used in experiments on growth, they must first be carefully
purified.

But the B content of milk, like the B content of other
natural nutrients, is far from being a constant. The
investigations of Osborne and Mendel,1^1 Hopkins,I3I4 and
others have shown that the amount of B and also the
amount of A in the milk vary according to the season and
according to the nature of the fodder. The amount is
largest during spring and summer, and when the animals
are pastured or are given green fodder; in autumn and
winter, and when the animals are stall-fed or are given dry
fodder, the B content falls off.

c. Quantitative Estimation of B.
Williams,9*3 and almost simultaneously Abderhalden and

Koehler,95* observed that the growth of yeast is notably
stimulated by the addition of extracts " rich in vitamin/'
Bachmann I229 and Williams "45 independently proposed,
almost at the same date, to make use of this fact for the
quantitative determination of the amount of B in various
nutrients and extracts; the method received the endorse-
ment of noted investigators,1*0^ "84,1297 and has been modi-
fied in several directions for the avoidance of irregularities.
Bachmann 958 had himself pointed out that the growth of
different stocks of yeast was very variously affected by such
additions of vitamin-containing extracts; and Emmet and
Stockholm I2°3 observed that the reaction was inconstant
when only one stock of yeast wa& under observation. More-
over, kumtere 11*7 noted that the addition of well-defined
organic or inorganic substances often produced better results
than extracts rich in B ; and also that extracts that were
certainly devoid of complettin had, none the less, a powerful
effect. Quite recently, Fulmer, Nelson, and Sherwood,3^*
have fully confirmed Lumi&re's observations ; and McDonald
land McCollum *358 have drawn renewed attention to the
familiar fact that a vigorous growth of yeast can be secured
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in nutritive solutions containing little else than inorganic
substances, and certainly no B. We must assume, there-
fore, that the stimulus to the growth of yeast provided by
various extracts is little, if at all, dependent upon the presence
of B. It follows that the deductions drawn by various
authorities,1286' Iz87> ^98, 137* upon the basis of such experi-
ments concerning the B content of the most diverse nutrients
and animal organs, are entirely fallacious. Those who wish
to ascertain the quantity of B in any nutrient or organ must,
therefore, have recourse, as of old, to the tedious and costly
method of experiment on animals; but the results obtained
by this method are trustworthy.

d. Properties of the Oomplettin B.
The growth-complettin B (which Abderhalden, in defiance

of the fact that it contains no nitrogen, speaks of as " nutra-
min") is, by universal agreement, readily soluble in
water,448, 453, 454, 499, 654, 682, 730, 780, 1076, etc. a n ( j therefore is

completely removed from vegetable food by the customary
practice of throwing away the water in which the vegetables
have been boiled.784 In contradistinction to A, it appears
to be insoluble in fat 453> 454; but like A it is soluble in
alcohol in a moderate degree of concentrat ions 1O76 The
latter statement appears to conflict with a report by Loeb
and Northrop 569 to the effect that the efficacy of the sub-
stance as a growth-factor is " permanently injured" by
alcohol. The growth-promoting substances are insoluble in
acetone, ether, and benzin ™76; but strangely enough can,
according to McCollum and Simmonds,67<> be redissolved out
of the alcoholic extract by benzin or by acetone after pre-
cipitation with dextrin and subsequent drying. No less
strange is the observation of Robertson and Ray,I296 that
the growth-factor can be extracted from brain substance
by acetone, and it seems questionable whether what really
happens in this instance may not be merely the removal of
an admixture of A by fat-solvents.

When we attempt to study the properties of the com-
plettin B, we have to reckon with a very disturbing factor,
namely that most authorities have failed to draw any dis-
tinction between B and D, this often leading to serious con-
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tradictions. For example, nearly all subsequent investi-
gators have confirmed the observation of McCollum and
Simmonds 67° that this complettin is unaffected by hydro-
chloric acid, nitric acid, and sulphuric acid. But these same
two American authorities, in the same paper, describe the
complettin B as sensitive to alkalies—a statement which con-
flicts with the reports of most other observers. According
to Byfield, Daniels, and Loughlin,1^ the growth-factor in
oranges will resist, not merely alkalinisation, but subsequent
boiling for five minutes; while Whipple ia87 assures us that
in cabbage it will tolerate boiling for several hours, even in
a solution containing o-i % of hydrochloric acid or e cor-
responding amount of sodium bicarbonate. In like manner,
a considerable heating of animal substances such as meat,
during which ammonia is always formed, has no influence
upon the water-soluble growth-complettin.

Speaking generally, this complettin, in contradistinction
to complettin D, seems to be fairly insensitive to heat. An
hour's boiling of meat, and even an hour's sterilisation of
meat at 1150 C.,8^ leaves B unaffected—though Richet%3
declares that an hour's boiling renders meat incompetent to
maintain growth in the dog. As regards this last observa-
tion, however, the destruction of the complettin does not
seem to be the cause of the failure of growth, for the dog
was given nothing but meat, which is per se an unsuitable
diet for a growing animal. According to the same authority,
an equivalent amount of meat and bread can be heated to
ioo° without the process interfering in any way with the
growth of a dog nourished on this mixture. The observation
confirms the foregoing criticism of the previous one. The
growth-complettin in brain tissue will tolerate three-quarters
of an hour's heating at 1300 C.,8^ but is somewhat damaged
by an hour's heating at 1350. In beans it is unimpaired by
boiling,^1 and will even tolerate boiling for six hours.499
The boiling of heart, liver, b r a iny m i l k , ^ tomatoes,899
potatoes,773 and carrots,784 has no effect upon the growth-
promoting qualities of these nutrients. In polished rice, the
complettin B is unaffected by ordinary boiling, but is some-
what damaged by one-and-a-half hour's heating at a tempera-
ture of 1340 C.970
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The drying of milk969 and the pasteurisation of this
^1 have no influence; and prolonged heating at a very

high temperature is requisite to destroy the traces of B in
the casein of commerce.56a Orange juice can be boiled until
it becomes dry from evaporation "47 without destroying the
complettin; and the drying of carrots, potatoes, cabbage,
turnips,984 sliced potatoes,773 or vegetables in general, at a
temperature of from 500 to 6o° C.,IO98 does not seem to
weaken the growth-complettin in any way. Sliced potatoes
have to be autoclaved for several hours at a temperature
of 1200 C. to produce a markedly injurious effect upon this
compfettin. In ordinary dried yeast, the growth-complettin
is still fully efficacious. Even several hours' heating at
1050 C. had no effect upon it.568, ^s8

As we learned in Chapter Four, some authorities believe
that the antineuritic D and the water-soluble growth-com-
plettin B are identical, and others consider that this identity
may be assumed with considerable probability 6l9, "53* "94;
but the respective reactions of these two substances to
alkalies and to heat exclude the possibility of their being
identical.979>x*w It is proper, however, to point out that,
in experiments of this kind, trustworthy results can only
be secured when steps are taken to ensure that during the
heating process the temperature which is supposed to be
operative shall be reached in the interior of the substance
under treatment as well as upon its surface. During the
customary process of sterilising masses of an experimental
diet at a presumed temperature of no° , 1200 C, or more,
the temperature in the interior of the mass will only rise
(as in the baking of bread) to about 700 C. Portier and
Random 935 have drawn attention to this source of fallacy,
and have suggested a practical method whereby the error
can be avoided. The experimental food is divided into small
portions which are placed in muslin bags that hang freely in
the interior of the sterilisation chamber; this will ensure
that the whole substance shall be raised to the desired tempe-
rature. The experimenter must, however, be careful to
place a saucer beneath each of the bags, to catch drippings,
and these must be remixed with the food after the sterilisa-
tion, for otherwise grave errors may ensue.
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Sugiura and Benedict 967 found that the growth-com-
plettin B was rapidly destroyed by exposure to radium
emanation.

According to Eddy,564 the growth-vitamin is precipitated
by phospho-tungstic acid in an acid solution, and Funk, as
we have seen above, was originally of the same opinion.
In a subsequently published paper (Funk and Macallum 563) he
inclines rather to the view that when the vitamins are being
isolated by the phospho-tungstic-acid process, this substance
is accidentally entangled in the precipitate. In this con-
nexion, Drummond6l9 has pointed out that any precipitate
formed in a solution containing the growth-complettin^ tends
to carry down the complettin with it.

We are led to infer that the growth-complettin must
exist mainly in the form of a colloidal solution. The sup-
position is confirmed by the fact that the complettin, like
so many other colloids, is absorbed by alumina.564> 1043, "53

e. Physiological Effects of the Growth-complettin B.

One of the most striking symptoms in animals suffering
from B deficiency is the almost invariable onset of gastro-
intestinal disorder, IO56> I239 which appears in adults as well
as in growing animals.1^ Experimenters were at first
inclined to believe that the absence of the growth-complettin
led to the formation of toxins within the alimentary canal;
these were supposed to be absorbed by the organism. The
theory was that the action of B was analogous to the action
of the vitamins 563—it was presumed to neutralise these
toxins or counteract their effects.5x5, "4* I have already
pointed out that earlier investigators were prone to attribute
the ill-success of experiments, with sterilised diets to the
absence of beneficial microbes.783 It was natural, therefore,
to assume that the growth-complettin had a favourable
influence on the intestinal flora.I046 Open to the same inter-
pretation were the repeated observations IO55»JI1^ «95> etc"
that when the complettin B was deficient in the food the
animals suffered far more from prostration and were more
liable to infections of all kinds than the Controls, which
received an ample supply of B.

The general symptoms, however, were also accordant
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with the assumption that the growth-complettin might "in
one way or another exert a direct influence on metabolism.IZ24
But when Aron I*I3 assumed that this influence might be
exerted by the stimulation of peristalsis, he overlooked the
fact that the B-containing extracts contained numerous
other substances which had long been known to exert a
stimulating influence on peristalsis. (Cf. Plant 129l.)

The increased power of resistance to infection on a diet
containing an ample supply of B must, however, be deter-
mined by other factors than those which account for natural
immunity in the ordinary sense of the term, for ZilvaW
reported that in guineapigs a lack of B had no effect on the
amount of agglutinin and amboceptors in the blood; and
that when the animals of one group were allowed free choice
of food for six months, while the animals of another group
were placed upon a restricted diet for the same period, no
difference in the complement activity of the blood could be
detected in the two cases. Obviously, the increased power
of resistance when the diet contains a sufficiency of B must
be the outcome of the general improvement in the nutrition,
which enables the animals to resist noxious influences more
efficiently than when they have become weak and sickly
either from natural causes or through a diet artificially
rendered inadequate.

Drummond687 has published an observation which has
not been confirmed by any other investigator, that when
there was a lack of B in the diet the animals suffered from
kreatinuria. This symptom must have been due to a general
lack of bases rather than specifically to the lack of B, for,
as I have repeatedly shown, a lack of bases almost always
leads to an increased excretion of kreatin.

But the foregoing assumptions do not touch the cardinal
point in the mode of action of the water-soluble growth-
complettin. We have already learned that Funk was led
in the first instance to assume the existence of this com-
plettin by the striking observation that its absence from the
food made the maintenance of weight impossible in adult
animals, and the maintenance of normal growth impossible
in immature animals. The first signs of a lack of B in the
diet«*4 consist of arrest of growth, loss of weight, general
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debility, and loss of appetite which may culminate in the
absolute refusal of food. Nervous disturbances have some-
times been observed shortly before death. (Cf. Drum-
mond687.) They must probably be ascribed to the use of a
diet deficient in D as well as in B ; in that case they would
be dependent upon the absence of the water-soluble anti-
neuritic principle and not upon the lack of B.

The most remarkable point about the effect of B is, just
as in the case of vitamin or of D, that very minute quantities
can be shown to have an influence.10^8, Io6° When we find
that the addition of as little as half a gramme of dried
clover or spinach to the diet can render it competent to induce
normal growth, we realise that the quantity of complettin
requisite inust be extraordinarily small.

When discussing the efficacy of A, we learned that both
for this and for B the law of the minimum is valid. Drum-
mond 687 points out that, within certain limits, the extent of
growth is proportional to the amount of B in the food. The
first result of the addition of B is shown in an increase of
weight, this occurring also in adult and healthy animals I2*4;
subsequently, in immature animals, vigorous growth speedily
ensues. Simultaneously there is an improvement in the
general appearance; if the tint of the skin has been
morbid, a healthy colour is restored; in hairy animals, the
coat becomes thick and glossy once more.1*^, 1268 £ut w e

must bear in mind the possibility that the latter pheno-
menon may be the outcome of the simultaneous administra-
tion of D.

FigueiraI046 noted that in sucklings extracts of wheat
bran, when given in large quantities, were apt to induce
diarrhoea. We have no reason to suppose that this symptom
is due to the growth-complettin, for Abderhalden and Schiffi-
mann **73 have shown that B in watery extracts is absolutely
non-toxic both in frogs and in mammals. Alcoholic extracts
of bran gave rise to accessory symptoms, and especially to
tonic contraction of the bloodvessels, which were not noted
when watery extracts were administered.

The growth-complettin, however, has certain bad effects.
As Funk pointed out, it may not merely affect the body
and the organs favourably, but may also promote the growth



THE CONDITIONS OF GROWTH 201

of tumours should these exist. Conversely, Hopkins has
proved that in animals fed on a B-free diet, tumours grew
to only about one-fourth the size attained by similar tumours
in controls. Copeman, who reports these experiments,
deduces from them a method for the treatment of cancer,
and declares that he has secured good results by prescribing
a diet poor in #A Mackenzie,1^ in answer to this sugges-
tion,, has pointed out that Drummond's experiments have
demonstrated the impossibility of starving the tumour
without starving the host.

# 7. BEHAVIOUR OF THE ENDOCRINE GLANDS.
McCarrison I24° has shown that the endocrine glands

share in the general malnutrition. Nearly all of them undergo
atrophy; but the adrenals are an exception, for when there
is a deficiency of B they undergo hypertrophy just as they
do when there is a deficiency of vitamin. The requirement
of the endocrine glands in respect of B seems to be small,
just like that of other organs; but their needs are so vital
that they have the preference over the rest of the body as
regards the utilisation of B. This is proved by an interest-
ing experiment made by Stewart.1*01 He gave white rats
so spare a diet for a period ranging from eleven to twenty-
two days after their birth, that they did not put on weight
at all from the time of birth. Nevertheless, the animals grew
considerably in length; and the head increased in weight
by about 45 % at the expense of the trunk and the extre-
mities. Simultaneously, the increase in weight in the viscera
amounted to 46 %, that of the skin to 25 %, and that of
the muscles and bones taken together to only about 6 %.
The most remarkable point was the behaviour of certain
special organs. As compared with conditions in the new-
born animal, the liver had fallen off by 23 % and the thymus
by 49 %, whilst the thyroid, the ovaries, the lungs, and the
adrenals, remained of the same weight as at birth. Some
of the other organs had increased in weight, the increase
in certain cases being enormous: the pineal gland was
heavier by 21 % ; the heart, by 26 % ; the pituitary body,
by 29 % ; the^ stomach and intestines, by 40 %..; the spleen,
by 33 % ; the spinal cord, by 83 % ; the kidneys, by 90 % ;
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the brain, by 125 % ; the eyes, by 146 % ; the epididymes
by 225 % ; the testicles, by 374 %.

This led Funk, as early as 1913, to the assumption that
the action of the growth-complettin cannot be a direct one,
but must be effected indirectly by a stimulation of the
activity of the endocrine glands. Abderhalden 953 takes the
same view. He regards the complettins as stimulants, each
of which has a specific action upon certain groups of cells;
in one case, upon those of the digestive glands; in another,
upon nerve cells; in another, upon the cells of the endocrine
glands; in another, upon the involuntary muscle of the
intestine; and so on. <%

It has, in fact, long been known that there are intimate
relationships between growth and the activity of various
glands. For instance, the reproductive glands, prior to the
development of their reproductive functions proper, appear
to form internal secretions which promote growth. We
know of the thyroid secretion that it has a special influence
in promoting growth; on the other hand, hypothyroidism
in youth leads to an impairment of the whole bodily develop-
ment and to the most various disproportions and malforma-
tions. Very instructive in this respect are some of Abder-
halden's dietetic experiments, notably those on tadpoles.

Especially important, in this connection, is the activity
of the pituitary body; this statement concerns the internal
secretion of the anterior lobe, for that of the posterior lobe
has no influence on growth. Consequently, HOchst's hypo-
physin ia96 has quite a different effect from the tethelin first
prepared by Robertson and Ray from the anterior lobe.
Tethelin is a well-defined chemical entity, having the com-
position of a j8-imid-azolyl-ethyl-amine; and its mode of
action has been elaborately studied by Robertson and Ray
in masterly fashion.485, 486,487, 548. 862,863,864,865,1141

The most characteristic feature of the action of tethelin
is that it stimulates the growth of the mote active cells, and
tends to inhibit tjhe growth of connective tissue. Thereby
the youth of the tissues is preserved, and a powerful influence
is exercised upon th% onset and the duration of sexual
maturity and sexual functioning. The effects of tethelin
vary ̂ greatly, Jaccoriing to the length of time for^which it
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is given, and according to the phase of life during which it
is administered. When given continuously from birth
onwards, it induces gigantism, but the giants thus produced
have a short life. On the other hand, when tethelin is given
only during early youth and then discontinued, it leads to
increased growth, and the effect upon growth lasts beyond
the period of administration; but the prolongation of the
stage of youth thus determined leads, further, to a general
prolongation of life. Generally speaking, these results have
been confirmed by Marinus,^ and by Abderhalden and
Brammertz *376; in so far as there are differences between
Abderhalden and Brammertz's results and those of Robertson
and Ray, we have to remember that the experiments of the
latter were performed on mammals, and those of the former
on tadpoles. Almost simultaneously with the first experi-
ments of Robertson and Ray, Clark 446 made investigations
into the effect of the anterior lobe of the pituitary body on
fowls. Not only did he note an enhanced growth in the
birds, but he believed that their laying was favourably
influenced. More recently, Simpson "93 has experimented
on the same lines, and declares that tethelin has no favour-
able effect upon laying. Larson ^4 found that in thyroidecto-
mised animals, tethelin had a favourable influence upon the
general condition and increased the duration of life in the
animals that had been subjected to this operation.

According to Popielski,̂ ** tethelm, or rather /J-imid-
azolyl-ethyl-amine, does not exist ready-made in the tissues,
and is certainly not found in the anterior lobe of the
pituitary body. On the other hand, he has found this sub-
stance in the stomach, and he assumes that it must be a
decomposition product formed during the isolation of the
real active body. However this may be, there can be no
doubt that neither tethelin, nor the natural secretion of the
anterior lobe of the pituitary body, represents the growth-
complettin of which we are in search, for the effects of these
substances differ too much from those? of the growth-
complettin. Moreover, when the milk of a lactating animal
is deficient in B, and the growth of the sucklings is conse-
quently below par, we cannot improve growth by adding
portions of the anterior lobe of the pituitary feodj to the
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maternal diet, whereas such improvement in growth promptly
follows the administration of B to the mother.657

According to Robertson and Ray,11** cholin has a similar
effect to tethelin upon subsequent growth; but cholin is
even more destructive to life, for large quantities of cholin
have to be administered. These are stored up in various
organs and exercise a noxious influence. The effect of
numerous other substances on growth has been studied. It
has been found that hydrocithin 399 has a favourable effect
on growth; and, on the other hand, that cholesterin 353, 53°, 53*
and lecithin 355.53° tend rather to retard growth. No sub-
stance with a genuinely analogous influence to that of B has
hitherto been discovered. The nature of B and its mode
of action still remain to be elucidated, but there is one more
point to which I must refer before leaving this subject.

B appears to have a peculiarly powerful influence upon
the growth and the activities of the endocrine glands, for
these glands (with the exception of the adrenals) atrophy
when B is deficient. Now we have to remember that growth
is the resultant of the interaction between the secretions of
certain glands—some of which are known to act in this way,
while the effect of other endocrine glands on growth perhaps
still remains to be discovered. There are, therefore, con-
siderable grounds for accepting a hypothesis put forward
by Funk. He supposes that B cannot be synthetised in
the body, and is therefore not (as we have found the com-
plettin D to be) directly indispensable. B, suggests Funk,
must be indirectly effective, by keeping the endocrine glands
in good order and by stimulating their activity. Additional
support to the hypothesis may be furnished by the observa-
tion that—though, in general, the growth of sucklings is
dependent upon an adequate supply of B to the mother—
in the absence of this, normal growth can be secured by the
direct administration of B to the sucklings.

8. IMPORTANCE OF THE NUTRITION OF THE MOTHER.

The proper feeding of the mother from the first moment
she conceives is of decisive importance to the growth of the
offspring. The mother's diet even before she conceives is
not withou| influence in this respect. We have, of course,
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to reckon with a factor competent, in a measure, to correct
even grave errors in the maternal diet—a factor but for
which the animals we are pleased to term civilised human
beings would long ere this have died out. I refer to the
marvellous energy displayed by growing animal organisms
in securing, even in the most unfavourable circumstances,
the nutrients requisite for maintaining life and promoting
growth. To a degree, moreover, a like energy is displayed
by the mammary glands, the maternal organs which are
mainly responsible for the wellbeing of the offspring during
the period that immediately follows birth.

As regards the importance of diet even before concep-
tion, this has been clearly proved by the researches of
Zuntz,861 who found that an exclusive diet of protein and
fat, or an exclusive diet of protein and carbohydrate, led
in both sexes to grave impairment of the reproductive faculty.
The animals conceived less frequently, and had smaller
litters, although the individual offspring were normal in
size, structure, and weight. Zuntz also found—as R6se fy> 7°
had found more than ten years earlier—that a long-lasting
deprivation of calcium has likewise a deleterious effect upon
the reproductive powers, but that in this case the whole
development of the offspring is seriously affected. In this
connexion, I must refer once more to Urbeanu's researches,
which showed that when the supply of calcium to fowls was
restricted to an amount that seemed just sufficient for the
maintenance of the maternal organism, sterility became
apparent after three or four generations. McCollum and
his collaborators, too, and also Osborne and Mendel, have
frequently drawn attention to the importance of a proper
diet to the integrity of the reproductive powers; and more
especially do they stress the fact that the thriving of a single
generation affords no guarantee that the diet is a satisfactory
one. In many cases, the effects of an inadequate or an ill-
balanced diet do not become apparent for several genera-
tions. Only then do we find that the animals conceive more
rarely, and that the offspring appear more and more weakly,
until ultimately complete sterility, or failure of the lacteal
secretion, ensues.

If the mother's diet, though containing a sufficiency of
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proteins, contains these in a form which is not fully adequate
for promoting growth in the offspring, the maternal organism
supplies the foetus with what is lacking by drawing upon
the maternal store. Even inanition in the mother will not
prevent reproduction, and the structure of the offspring
seems perfectly normal, but Zuntz 861 states that the weight
is below the average.

Insufficiency of the maternal diet in respect of protein
has no effect upon the composition of the milk 2*6> 56r;
Behre "56 and Stern "57 report that the inadequacy of fodder
during the war had no notable effect on the composition of
cow's milk. All authorities are, however, agreed that the
quantity of milk falls off when the diet is insufficient.*"1

The long-continued malnutrition of nursing mothers that
prevailed throughout Central Europe during the war, led
to a reduction in the lacteal secretion. Ultimately, defective
nutrition leads to a degeneration of the mammary glands,
and changes in the composition of the milk then ensue.X(>4*
On the other hand, McCoUum and Simmondsxoa6 report
that when the maternal diet is exceptionally high-grade,
the secretion of milk is abundant, and the growth of the
offspring is extremely active.

The faculty of the lacteal glands which enables them to
extract from the maternal organism whatever is requisite
for the production of normal milk, renders the mother's
milk the best nutrient for the offspring during the early
phase of life. Happily a conviction of this truth has gained
ground in Germany of late, not only among doctors and
governmental authorities, but also among women through-
out the population. Bergmann835 insists that even when
the mother's milk is somewhat lacking in quantity, a breast-
fed infant will tlyive better than a baby sufficiently fed by
hand.

The inorganic salts requisite for the formation of normal
milk are likewise extracted with great energy from the
maternal organism.1026 Carl RQse,6^ 7° who experimented
for a considerable period on goats, could not find that
extensive variations in the diet produced any changes ia
the composition of the milk of these animals. But th©
mother cannot provide what she herself does not possess,
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and ultimately therefore, when there is a persistent lack of
inorganic salts in the maternal diet, the composition of the
milk suffers. According to Hart and Steenbock95* there
then ensues grave debility in the sucklings.

The mammary glands also have the power of concen-
trating into the milk the growth-complettins A and B that
are stored in the maternal organism, so that when these
substances are deficient in the mother's diet, the milk will
continue for a time to contain enough to promote normal
growth in the offspring.1026 Still, the influence of the maternal
diet is marked in the case of both these complettins. Refer-
ence has already been made to the fact that in cows the
amount both of A and B in the milk varies with the season
and the fodder J33<>; the milk is only adequate for the main-
tenance of growth in the offspring when the maternal diet
is itself adequate in this respect. Even in cases when the
growth of the offspring is apparently taking place in normal
fashion, we may find that the provision of an extra supply
of B for the mother will be followed by a notable accelera-
tion of growth in the sucklings.561

During weaning, and even later—when the young animals
have become habituated to an independent diet, the mother's
milk may continue to serve as a corrective for deficiencies
in the diet.1026 If any further emphasis of the importance
of breast-feeding were requisite, and if anything could serve
to persuade neglectful mothers to fulfil their duties in this
respect, a general diffusion of knowledge concerning the
work done during the last ten years upon this topic of the
factors of growth would suffice. In Saxony, the State has
recently instituted a special department for hygienic enlighten-
ment, and it is eminently desirable that this new department
should pay special attention to the spread of a knowledge
of the foregoing facts.

9. EFFECT OF THE INHIBITION OF GROWTH UPON
SUBSEQUENT GROWTH.

Another remarkable phenomenon must be considered
before dismissing the subject of growth. As long ago as
1912, Osborne and Mendel **5 pointed out that when (for
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one reason or another) the diet had been such as to check
natural growth for a considerable period, normal growth
was resumed as soon as the error in diet had been remedied.
Among dietetic defects leading to an arrest of growth, these
authorities allude to the following: 370 an insufficient supply
of protein, or the lack of certain nitrogenous tissue builders;
the lack of A or B ; the lack of certain inorganic nutrients,
or an improper ratio of these in the diet. In such circum-
stances, the inhibition of growth may be protracted far
beyond the normal period of growth, and yet growth may
even then be resumed when the noxious influence ceases to
be operative.370,465 Thereby, the total duration of life may
be considerably increased, and the animal may in the end
attain its normal size.

Growth which is resumed after such an arrest proceeds
at a more rapid pace than usual, attaining for a time a
magnitude which is due to an excess of compensation. (Cf.
Osborne and Mendel *25> $*; Thompson and Mendel 7*5.)

Northrop660 has published some interesting researches
which corroborate the work of Osborne and Mendel. He
found that such a temporary arrest and subsequent resump-
tion of growth were actually followed by an abnormal pro-
longation of life—in the larvae of flies, for instance. But
the prolongation affected only the phase of life subjected to
the experimental modification. Thus, in these particular
experiments, it was the larval period of life which was pro-
longed, whilst the life of the pupa and of the imago remained
of average duration. It would seem, therefore, as if from
this point of view the different stages represented different
individuals.

In their first publication on the subject, Osborne and
Mendel insisted that a restitution to the normal or an excess
of compensation was only possible when the weight of the
animal had at least been maintained during the period in
which growth was suspended. Whenever the diet had been
so inadequate as to cause loss of weight, the subsequent
growth was inevitably impaired. Jackson and Stewart,IO59
who have substantially confirmed Osborne and Mendel's
observations, nevertheless insist that when undernutrition
has led to a temporary arrest of growth, the growth that
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ensues after the defects in the diet have been made good
is not fully adequate, so that throughout life the animals
exhibit stigmata due to malnutrition during the develop-
mental period.

An excellent idea of how important a satisfactory diet
is to the wellbeing of children can be derived from a report
made by K. B. Rich "41 concerning the work of the educa-
tional authorities in the Chicago elementary schools. Investi
gation showed that the treatment of tonsillar hypertrophies,
carious teeth, adenoids, and fiat-foot, was almost ineffective,
although great expectations had been formed. What proved
decisive for physical wellbeing was cleanliness, light, fresh
air, exercise, and, above all, attention to diet. When these
environing conditions were improved, there was a concurrent
increase in weight and stature.

10. SUMMARY.

We may sum up in a single sentence what has gone before
by saying that normal growth is preeminently dependent
upon a rationally composed diet. Children must be given a
sufficiency of food, and the protein must be as high-grade
as possible. From this point of view, potatoes and milk
are the best; cereals are less suitable, unless the inadequacy
of their proteins is made good by giving milk in addition.
The diet must also contain a sufficiency of complettins: A
can most advantageously be provided in the form of milk,
butter, or spinach; fresh vegetables and fruit in abundance
are a satisfactory source of B. The diet should contain
from five to seven times as much of vegetables, potatoes,
and salt-rich fruit (apples and pears are poor in this respect),
as of meat, eggs, or cereal products—for otherwise an ade-
quate excess of bases cannot be guaranteed. Care must be
taken that the nutrients shall contain enough sodium and
calcium, the latter being especially important. The sodium
content must be at least one-fifth of the potassium content,
and the calcium content must be not less than five times
as great as the magnesium content. The latter requisite
is sometimes difficult to fulfil; in regions where the water
is poor in lime, it will be indispensable to give about three-
quarters of a pint of milk daily.
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Before I close this chapter, I must say a few words about
the feeding of children in Germany and Austria during the
war. The conflict brought tragedies enough in its train,
but the matter we have now to consider was one of the most
tragical of all. It has been proved that, in German Austria
and in Germany, approximately one million children perished
directly or indirectly from wartime feeding, and that almost
all the children who survived were more or less seriously
injured by the inadequacy of the diet. Perhaps the worst
feature of the case is that the blame for what happened can
only be indirectly ascribed to the blockade, for the chief
factor was the stupidity of the German dietetic experts and
of the government that acted on their advice. I repeatedly
drew attention, both by word of mouth and in writing, to
some of the grave errors that were being committed; but
my remonstrances had no effect, and it is but a poor and
belated satisfaction that the results of the British, American,
and international commissions of enquiry have shcrtvn my
criticisms to have been fully justified.

Consider, first, the most outrageous of all the errors of
wartime feeding—the crazy, the utterly inexcusable, slaughter-
ing of milch-cows in order to secure a few paltry pounds of
meat. To attain this lamentable result, and to stop the
mouths of clamorous flesh-eaters, our precious herds were
destroyed. In the most short-sighted fashion, milkers were
butchered each of which within a single year could have
produced its own weight of invaluable nutrients in the form
of milk, and no one stopped to think that thereby i t was
being made impossible either to breed for the future supply
of meat or to provide for the subsequent victualling of the
people with butter (rich in A) and with milk (rich in A, B,
C, and inorganic salts). (Cf. Mason1011.) Almost as bad
was the potato control, whereby the price of one of our most
important articles of diet was fixed at a figure at which it
did not pay the farmers to grow the tuber. But, apart from
these two errors, which are at least easy to explain, I have
to think of two others which can only be described as
criminal: the removal of the germ from cereal products;
and the steaming or scalding of vegetables for conserves.

I t has long be&i known that the highest-grade protein
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in every grain, and nearly all the fat of the grain, are con-
centrated in the germ. Nevertheless, there was no hesita-
tion about extracting the germ of the grain in the milking
process in order to use the fat thus secured for the feeding
of the already over-rationed munition workers. I t was sup-
posed that the germs, after the removal of the fat, were to
find their way back to the community-at-large in the form
of meal for breakfast use. I have never been able to learn
what really became of them. In actual fact, throughout
the war, we received at Weisser Hirsch on two occasions
only a ration of a germ-containing meal, each person having
about enough to make a small cup of gruel. One excuse
given for the removal of the germ was that the keeping
qualities of the flour were thereby improved—but these
keeping qualities were of very little importance, seeing that
we were all forced by hunger to eat our rations with the
least possible delay. Besides, the statement is untrue. The
whole procedure was a robbery of the energies of the German
nation and a crime against our growing youth.

Even more serious, if possible, was the second error, the
bleaching of vegetables before they were dried. In a subse-
quent chapter, this will come up again for fuller considera-
tion, and it will suffice to say here that the mere steaming
of vegetables for five minutes dissolves out so large a pro-
portion of the inorganic bases that the residue contains an
excess of acids. Simultaneously, the vitally important com-
plettins are almost entirely dissolved out of the vegetables.

Chick "37 and Dalyell,1^ and also Block Ia8* (a German
investigator), in their studies of wartime diets in Germany,
insist that the worst feature was the impoverishment of the
food in respect of A, B, and C. British doctors and physi-
ologists IO55 are unanimous in the opinion that the main
cause of this defect was the method of preparing vegetables.
The before-mentioned authorities record a number of striking
instances in which severe attacks of scurvy in children were
promptly relieved by the addition to the diet of carrot juice
or raw spinach, or in some instances of butter or of codliver 611.

Among German medical practitioners, there are some
who have long been aware of these facts, and have turned
their knowledge to practicalfaccount. Above all, I must
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refer to the work of Erich Muller and his collaborators, and
to that of Aron, who, in the circles entrusted to their care,
were able to secure admirable results with the scantiest of
means. Block, too, showed that in severe cases of mal-
nutrition in children, the addition of fresh vegetable juice
to a milk and vegetable diet gives excellent results.

These views of mine, which to some extent had been
advocated earlier by Lahmann, are now being widely
trumpeted as a brilliant foreign discovery. It may be hoped,
therefore, that even the Germans will at length break the
shackles of tradition; and that, even in Germany, a current
of fresh air will invigorate the science of dietetics.

ADDENDUM TO CHAPTER FOUR : SPRUE.

a. Clinical Picture.

Among European residents in the tropics, especially in
the East Indies and in the Sunda Islands, there frequently
occurs a remarkable disease known as sprue or psilosis. I t
has not hitherto found a satisfactory place in the nosology.
In the account I propose to give of this disorder, I am guided
chiefly by the description given by Brugsch and Kraus,
Handbuch der allgemeinen Therapie, section on Tropical
Diseases. The illness begins with slight gastro-intestinal
disturbances, which have nothing characteristic about them,
and come and go. From time to time, isolated patches of
inflammation appear on the tongue, to disappear again com-
pletely. In the course of years, the attacks grow more fre-
quent, and the inflammatory manifestations on the tongue
become more severe and last longer. When the disease is
fully established, the inflammatory foci on the tongue gradu-
ally spread until they coalesce. The lingual epithelium dis-
appears, and on the inflamed surface can be detected very
small suppurating vesicles or extremely sensitive circum-
scribed minute ulcers. Thus in course of time the surface
of the tongue is to an increasing extent denuded of epithe-
lium ; the mucous membrane is dry and fissured; the
papillary body has vanished, the papillae being replaced by
overgrowths of connective tissue. The whole musculature of
the tongue has atrophied, so that the organ has become
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extremely small, deeply furrowed, and thin. The gums and
the rest of the buccal mucous membrane may be sympa-
thetically affected with inflammation; the suffering may be
further increased by salivation, or the secretion of a tena-
cious mucus, or sometimes by dryness of the mouth. The
sense of taste is greatly impaired; the saliva has become
acid, and the sulphocyanate may have completely disap-
peared from the secretion.

Inflammations of the rest of the upper part of the ali-
mentary tract complicate the clinical picture, leading to
difficulty in swallowing, pain on swallowing, a sense of full-
ness, flatulence and eructation, heartburn, and, in exceptional
cases, vomiting. Although in the early stage of the affection
the appetite is often excessive, it subsequently falls off, with
the onset of achlorhydria. Burning thirst is common; the
abdomen is in a state of flaccid distension. Borborygmi,
and the rapid onward movement of the intestinal contents,
show that excessive fermentation is going on. Colic is,
however, present only in acute exacerbations of the disease*

The bowels act especially during the morning hours,
and the evacuations may number ten or more, though they
are sometimes suppressed for a while. The stools are gene-
rally of the consistency of pap, foamy, yellowish white in
colour ranging to grey or greenish, though there is no sign
of jaundice. Their reaction is acid. They contain an excess
of fat, but no mucus or blood.

At a comparatively early stage the liver is reduced in
size, but this may be no more than an outcome of the general
atrophy. There are no special symptoms showing any
involvement of the respiratory, circulatory, or urinary system.
The urine sometimes contains an excess of bile-pigments;
and when the stools are suppressed, indigo can be detected
in the urine.

There is extreme emaciation; the skin becomes flaccid
and wrinkled ; ultimately death occurs in a condition of
cachexia in which the patient has come to look almost like
a mummy.

b. Pathological Anatomy.
Generally speaking the blood seems normal in sprue;

but in severe cases, owing to the malnutrition, intense
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anaemia ultimately sets in, so that the haemoglobin richness
of the blood may fall to 40 % of the normal, or even lower.
In the worst cases, the blood may come to resemble that of
patients with progressive pernicious anaemia. But, apart
from these extreme instances, the characteristics of the blood
are those resulting from chronic toxaemia and from a plastic
inhibition of haematopoiesis.

The pathological anatomy of this disease does not furnish
any etiological explanation, for the pathological changes
are no more than the results of the abnormal fermentations
in the intestine. In the ileum there is a flaccid distention;
the villi of the mucous membrane have atrophied and almost
disappeared; thus the wall of the gut may be transparent
and as thin as paper, unless thickened by oedematous infiltra-
tion. There are numerous punctiform ecchymoses, some-
times larger extravasations of blood, and bile-stained patches;
these changes give the bowel a remarkable motley aspect.
The oesophagus and the stomach are always affected, the
coats being in most cases thickened, inflamed and infiltrated,
or selerosed. The mucous membrane is wrinkled, thickened,
here and there atrophic, and often flecked with haemorrhages.
The mesenteric glands are enlarged and strongly pig-,
mented; or, in some cases, atrophied and cirrhotic. The
irritation of the bowel may spread to the peritoneum, leading
to local peritonitis and the formation of adhesions. There
are no marked changes in the bone-marrow, which is, how-
ever, greatly lacking in fat. The other organs all manifest
the effects of the general atrophy.

c. Prognosis.
In advanced cases, the prognosis is unfavourable, and

even in the early stages it is dubious. A cure will in any
event take a very long time, and will demand, during this
period and afterwards, from a seriously debilitated sufferer,
the display of a great deal of patience, tenacity, and
energy. In slighter cases which come under treatment at
an early stage, the conscientious carrying out of the pre-
scribed course of treatment may affect a cure; but
relapses will only be avoided by extreme caution on the
patient's part.
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d. Treatment.
Rest in bed is needed only in severe cases. The main

thing is to promote improved nutrition, by checking fer-
mentation through reduction of the carbohydrates in the
diet, and by lessening the putrefaction of nitrogenous sub-
stances within the bowel by restricting the supply of pro-
tein—thus securing a better utilisation and absorption of
the food. Fat is very badly borne. A milk diet is generally
the best, the milk being given unboiled, and it must not be
too rich in cream. We shall do well to dilute the milk with
Vichy water; if it is not borne even then, the effect should
be tried of using an even more strongly alkaline water, such
as Ems, for the dilution. Remarkable results sometimes
follow the giving of fresh raw fruit, especially strawberries,
but also bilberries and gooseberries. By degrees attempts
may be made to increase the amount of protein in the food.
Potatoes are well borne. When medical experts in tropical
diseases assure us that vegetables cannot be tolerated, and
most often be withheld for many years, we presume that
we are once more encountering the fallacy which has now
happily become obsolete as regards the treatment of gastric
and intestinal disorders in general. But it is certainly of
the utmost importance that anyone who has suffered from
sprue should for years to come shun strongly-spiced, rich,
or fatty articles of diet; a single indiscretion of this kind
may prejudice the whole course of treatment.

e. Etiology.
As I have already shown, medical science is groping

in the dark where the question of the etiology of sprue is
concerned. I t is certainly presumptuous for a person like
myself, not being a practitioner of medicine, to express an
opinion on the matter; but I feel nevertheless that my
knowledge of the way Europeans feed in India, in conjunc-
tion with my special experience of modern theories of nutri-
tion, will perhaps enable me to give some pointers.

First of all it must be remembered that, as far as diet
is concerned, European life in India is about as unnatural
as can possibly be conceived. The British have taken with
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them to the east their national preference for a meat diet,
and have wedded it to the indigens' taste for highly seasoned
rice. The burning thirst induced by such a diet is slaked
by vast quantities of iced and usually sweetened drinks
(alternating with tea), which are frequently loaded with
large doses of alcohol.

Naturally this regimen is extremely injurious to the
gastro-intestinal tract. In the United States, too, iced
drinks are greatly in vogue, and we are informed that the
practice of consuming these beverages is found to be most
unwholesome, giving rise in the first instance to acute dis-
turbances, and subsequently in many cases to grave chronic
disorders. The excessive stimulation of the mucous mem-
brane is aggravated in India by pungent curry, and usually
in addition by tobacco and alcohol. How can we expect
the unfortunate mucosa to tolerate all this without inflam-
imatory reaction ? Now, we know that gastric disorders
frequently affect the condition of the buccal mucous mem-
brane, which becomes thickened or inflamed, often with
the formation of aphthous ulcers.

The wonder really is that cancer is not more frequent
in tongues that are so much maltreated. Perhaps the reason
is that, as previously explained, for the development of
malignant tumours there is needed an abundant supply of
B—this substance being so thoroughly utilised that the
tumours are themselves free from B. In actual fact, the
diet of Europeans in India, where fruit is scarce, is extremely
poor in B ; and this scarcity may account for many of the
symptoms of sprue. First of all it may account for the
readiness with which the buccal mucous membrane—which
in general is so resistant and has such remarkable powers
of regeneration—becomes inflamed and ultimately atrophies;
and the same remark applies to the mucous membrane
throughout the gastro-intestinal tract. We may suppose
that the deficiency of B leads, not merely to a lowering of
the capacity for resistance, but also to a grave impairment
of regenerative power, so that inflammation that has once
originated tends to persist indefinitely.

There can be no doubt, moreover, that the excess of
acids in the food plays a notable part in the etiology; the
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acidity of the saliva suffices to prove this. As to the part
played by the metabolism of inorganic salts in the causation
of sprue, nothing definite can be said in the absence of
detailed investigations. It is noteworthy, however, that
the nutrients recommended for the treatment are all charac-
terised by excess of bases and richness in calcium. The
effect of fruits in this respect must be conspicuous, for we
should have anticipated that the skins and pips of the fruits
found helpful would have irritated the bowel quite as much
as any vegetables.

The fact that vegetables are not well borne is, of course,
partly explicable by the irritant effect of the indigestible
residues. But there are many vegetables which are fairly
well borne in sprue—for instance, young spinach and young
carrots, both of which resemble potatoes in leaving com-
paratively little irritant residue. It is, therefore, not easy
to understand why potatoes should be so much better tole-
rated than vegetables in general. The difficulty is all the
greater seeing that vegetables in general are pooF in carbo-
hydrates, whereas potatoes consist so largely of carbohy-
drates, and yet one of the main points in the treatment of
sprue is to restrict the supply of carbohydrates. May not
the explanation of this apparent contradiction be found in
the fact that most of the other sources of carbohydrate are
cereals, which contain a notable excess of acids, whereas
potatoes are rich in bases ? We shall be the more inclined
to accept the explanation when we remember that by the
customary methods of what is regarded as refined cookery,
vegetables are robbed of their excess of bases, and that this
may be the main reason why they are badly borne in sprue.

Such a theory is supported by another consideration.
Milk contains only a slight excess of bases; and yet (at any
rate in the early stages of sprue) it is not well borne unless
its excess of bases is increased by dilution with mineral
waters containing liberal amounts of bicarbonates, i.e. of
alkaline salts.

The favourable effect of fruits can perhaps be explained
by their C content, seeing that milk is rather poor in C.
Perhaps the frequency of haemorrhages in sprue is referable
to C deficiency, and it may be that closer examination
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(especially in post-mortems, when attention has been directed
to the point) will show further signs of masked scurvy. I
make the suggestion with all reserve. In any case, fntits
may furnish a welcome augmentation of the calcium supply,
for the calcium content of milk seems to be inadequate in
the long run for adult human beings.

As far as the widespread atrophy of the organs is con-
cerned, the main cause of this is doubtless the general
failure of nutrition consequent on the digestive disturbances.
But when there is defective nutrition because the diet is
quantitatively inadequate though qualitatively adequate,
we find general atrophy differing from that characteristic of
the deficiency diseases in that the glands continue to func-
tion. In the acomplettinoses, on the other hand, impair-
ment of glandular functioning makes itself apparent at a
very early stage. We have seen that this is especially
characteristic of a lack of vitamin, of B, and of D ; and the
early onset of slight acidity in sprue suggests an inadequacy
of the diet in one of these respects. A survey of the fore-
going considerations enables us to infer that the lack is not
one of vitamin or of the antineuritic D, but that B is
probably lacking.

It would be of equal value to suffering humanity and to
scientific medicine if the problem of sprue were to be recon-
sidered|jwith the aid of the modern methods of dietetic
physiology.



CHAPTER SIX

THE FAT-SOLUBLE COMPLETTIN A

i. HISTORY ; ITS ISOLATION,

IN" the previous chapter, when discussing the determinants
of growth, it was necessary to consider some of the peculi-
arities of the complettin A in order to fill in our picture of
the growth-factors. But the efiects of the complettin A
on the animal organism are not restricted to a favouring
in growth; they are so multiform that a special chapter
must be devoted to the fat-soluble complettin A.

The starting point in the study of the fat-soluble com-
plettin was the paper published by Wilhelm Stepp,93 a pro-
fessor at Giessen, in the year 1909. He observed that a
diet which had previously been quite adequate, proved after
extraction with ether and subsequently with alcohol incom-
petent to maintain growth in mice and to keep the animals
alive. If the solvents had been used hot, the readdition
of the ether extract and of the alcohol extract did not make
the diet adequate. If, however, the alcohol extract had
been made with cold alcohol, the return of this extract
restored adequacy to the diet.

The report seems to have been overlooked, for otherwise
it would surely have led to further and more detailed investi-
gations. A second report by Stepp,234 published in the year
1912, also failed for the time to attract attention. In this
instance Stepp showed that the active substances were not
very resistant to heat; they were completely destroyed by
two days' boiling of an alcoholic solution, or by boiling the
whole food in alcohol for forty-eight hours, or by prolonged
boiling in water. At that date, Stepp was inclined to rega f̂i
them as lipoids. When a food had been rendered inade-
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quate by such treatment, its adequacy could be restored by
the addition of an extract made with cold alcohol from other
portions of food. It was manifest, therefore, that the
organism of the mouse was incompetent to synthetise these
substances, and this led Stepp to infer that the lipoids were
absolutely essential constituents of food. Two years later,
Stepp supplemented his work with a report 396 showing that
the denatured food could not be rendered adequate by the
addition of pure fats. But the addition of various lipoid
compounds was likewise found ineffective in this respect.
An alcohol and ether extract of yolk of egg was, however,
extremely active, so that Stepp continued to regard a com-
bination of vitamins with certain lipoids as the active prin-
ciple. The view seemed to him to be confirmed when he
was able to prove 5*6 that the denaturation was effected
mainly if not exclusively by the alcohol extraction and not
by the ether extraction; and to show that the denatured
food would be rendered adequate by an acetone extract of
yolk of egg, and much better by an alcoholic extract of yolk
of egg made subsequent to extraction with acetone. In
some instances, the acetone extract was inactive whereas
the alcoholic extract was effective. Vitamins alone, and
various lipoid compounds, were ineffective; the combination
of vitamins and brain lipoids was effective in certain instances.

The investigation did not enter the right track until
Hopkins and Neville *67 noted in 1913 that the artificial diet
employed by Osborne and Mendel could only maintain
weight in mice for a limited period, but that when 2 cc. of
fresh milk were added to the food (a supplement which
increased the total dried substance by only 4 %) the mice
remained perfectly well-nourished. This observation was
confirmed by Osborne and Mendel.*95 They found that on
the artificial diet, as originally supplied, rats could be kept
going for a considerable period, even with increase of weight
and a moderate amount of growth; but ultimately growth
ceased, the weight fell off, and the animals perished. If,
however, during the critical period a little milk or butter
were added to the experimental diet, the rats quickly
recovered, and normal development ensued.

Shortly afterwards, Osborne and Mendel 305 supplemented
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their previous observations by finding that fat-free milk,
and also the salts contained in the water of butter, were
quite ineffective ; but that perfectly pure butter fat, obtained
entirely free from nitrogen and phosphorus by melting and
centrifuging the butter, was a very active growth-factor,
greatly superior to lard. This report was promptly con-
firmed by McCollum and Davis 386; and Osborne and
Mendel 350 were able to detect the active principles in the
fat of yolk of egg and in codliver oil, but could not find
it in almond oil.

Opposed to these reports was one made by Dezani^
who found that he could keep his experimental animals
alive and in good condition on a lipoid-free diet, provided
only that the diet were sufficiently varied. He contended
that what was wrong with Stepp's experiments was that
the monotony of the diet had induced loss of appetite in
the animals subjected to experiment. We know to-day that
Dezani's inferences were fallacious to some extent, inasmuch
as his experimental diet, though free from lipoids, was not
free from the complettin A. Almost simultaneously with
the Italian's paper there came from two widely divergent
sources confirmations of Stepp's observations. Kawashina,4*7
and McArthur and Luckettw who reported along almost
precisely the same lines* were able to show that the various
lecithins, other lipoids> cholesterins, and fats, are not essen-
tial to life in mice [this is true, provided that the supply of
protein is adequate] ; but that, on the other hand, a diet
consisting of casein, starch, lactose, lard, and milk salts,
incompetent per se to maintain life in mice, could be
rendered fully adequate by *the addition of a substance present
in yolk of egg and soluble in alcohol and ether.

An investigation made by Funk and Macallum 374 showed
that the life-sustaining substance could not be identical
with butter fat, for the addition of a thoroughly purified
superheated butter fat could not render adequate a diet
lacking only in the one factor under consideration, whereas
the alcoholic extract nmde from the original butter was per-
fectly competent to render the diet adequate. Halliburton 73*
therefore considers that the reason why fats are indispensable
to life is that they contain this growth-complettin.
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Nevertheless, as we learned above, a large number of
other investigations had shown that there is another factor,
the water-soluble complettin B, no less indispensable for
the maintenance of life and growth. Since there is little of
this complettin in fats, or none at all, it was natural to sup-
pose that green vegetables, etc., were to be looked upon
exclusively as the providers of B, and that A was present
only in fats. Hence the two substances have been fre-
quently confounded (cf. 714). But it soon became apparent
that certain nutrients that were unquestionably rich in B,
could only maintain growth when supplemented with A;
and that others, such as green leaves, though free from fat,
were adequate growth-factors without any addition of A.»35

By a large number of investigations it has now been
proved beyond dispute that for the maintenance of body-
weight and for the promotion of normal growth both A and
B are essential.453,454,874, «84,1045 More especially has this
been demonstrated by the work of McCollum and Sim-
monds,66l> 664 who simultaneously showed that both the
growth-complettins were subject to the law of the minimum.

2. OCCURRENCE.

The occurrence of A was first definitely proved in rnilk,
and its presence in this fluid has subsequently been con-
firmed by numerous investigations.**^ **7. *9S> 305* 3**# ?8|» n%9
With the separation of the cream, the greater part of the A
factor passes away into this *95> y>$. 35°, 3^, w. 7%*, *M* ; and
when the cream is made into butter, the A is chiefly stored
in the more fluid portion, the so-called butyric oil 3°5» w> 477;
but considerable quantities of A remain in the skim-milk,
and when the casein is precipitated they are included in the
precipitate. Both the casein of commerce, and also chee$e,7M
therefore invariably contain A, though in small quantities,
so that neither casein nor cheese must form a component
of an A-free diet. Yolk of egg, the first source of nutriment
for the growing bird embryo, is very rich in A, for the fat
of egg-yolk contains A in a concentrated form*3S»« 5*6* 7**>
i«9,1x46 j n the normal body-fat of animals, in beef fat for
instance,4*4,618,75a there are also large quantities of A,
which, as in the case of butter, are stored in the ingredients
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o f the fat that have a comparatively low melting-point (the
so-called oleomargarine or olein 434, 618, 752) - whereas the
stearin of animal fat, just like the part of the butter which
l i a s a high melting-point, is practically free from A.4*4 Con-
sequently animal margarine, which is manufactured from
oleomargarine or olein, is comparatively rich in A,61®* J3*9

In contradistinction to the normal body-fat, the storage
f a t of animals contains very little A.75*. XM3 For this reason,
lard is very poor in A ; 305* 374,386, 434. 453, 454, i%*, 13*7 but it is
not, as was at one time believed, completely free from
A . I X 4 ^ 13*6

The fat of fish, like the fat of mammals, is rich in A, so
that fish oils in general contain an abundance of this
complettin.6^

Passing to consider the individual organs, we find that
the pancreas, the thymus, and the adrenals, contain com-
paratively little A 9™; whereas the kidneys contain more,
the heart still more,43^ and the liver most of all. Conse-
quently the oil expressed from pig's liver is as vigorous in
its growth-promoting qualities as butter 7<>*; and at an
early stage in this investigation codliver oil was recognised
as preeminent among fats for its richness in A.35°, 374, 634, 781, 1146

In contradistinction with eggs, the seeds of plants usually
contain too little A to ensure the maintenance of normal
growth. In especial this has been proved as regards oats,6*5, 7*4
wheat 436,515, 68a, ?I4> barley 74©, rye 7*4, and maize 4361 57», 658,
***, 714. According to Steenbock, Boutwell, Gross, and
Sell,I0*7 yellow maize is an exception, for 88 % of this in
the food suffices to maintain growth in young rats. McCollum
and his collaborators^8 however, found that the A content
of yellow maize was inadequate to promote growth in pigs;
but normal growth could be ensured in these animals if the
maize were supplemented by an alcoholic extract from
another portion of the same maize, this increasing the A
content a little. Speaking generally, the cereals are inade-
quate 490.68a j the germ contains a good deal more A than
the endosperm and the bran,43^ 490 but not nearly enough.5°7
Beans are very poorly supplied with A,63*, 658 this statement
applying to soy beans 659,*65 an<i earth-nuts6**. "*9; but
there are certain pulses that contain fairly adequate quan-
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titics.^s Brazil nuts, butternuts, Barcelona nuts, walnuts,
and almonds, an? all \unn in A ; in like? manner, almond
oil,3S« olive* oil,"81 nut oil^f- roroaimt oil,"'** and cccoanut
cake, are incompetent to maintain growth.*?4 Cotton seeds
are poor in A $M. ?M ; and so, therefore, is cottonseed
oil.M, ***** Since* cottonseed oil and cocoanut. oil are the
chief constituents of var iable mar^arine^ these likewise
arc inadequate as Krowth-fatiturs/'1* On the other hand,
linseed, millet, and hemp smLs/** are rq^r t rd to be fairly
rich in A, although the quantity is inadequate.?1** *»*

Fruit would appear in general to IK: wry poorly supplied
with the fat-soluble gn*wth-compl«4ttin. iv^piTjally is this re-
ported of bananas??* oranges,*lWl U*mons, and grapefruit,*M?

In respect of A content, seeds contrast with leaves
which are, generally speaking, rich in A.?1*. **% *m Thus,
lucerne,*'^ white cabbage,*'/*.. M« and e^jwxully gm-n cal>
bage,1^6 spinach, clover, and timothy gras?*,*!1 are
as very rich- Quantitative data an? given by
Gross, and Sell^^n who tell us that 5 % of lumtu% clover,
spinach, and artichoke leav«vs, or to % ul white lettuce, in
the food, will suflict: to eu^tirtr normal growth and reproduc-
tion in rats; hut even 15 % ul white cabbagi? proves inade*
quate. CjsUorne ancl Mrnddl fM> found that ttmiattars were
more active than an equal wvight of liutter fat, and that
clover, lucerne, grass, and spinach were no Ic** active* Dried
white cabbage was Irs* active.

As regards rtiot trc#ps# |Mitat«H*s pravrd quite inadequate
in thin respect ???• **»•**». *M* ; but the *,wt*t?t j^taty, the
American rival of tlje j«4«4to# was* jiM a«* active as tht
extremely active ramit.v*1 According to Zilva,*1^ ourroti
are richer than white tabba;;*?; but htc?ciibcick, CiroM, stnd̂
Sell found that turnips, num^ih'wntmh, »ugar brctA, Arum
maculatum (lurch and ladtt*s)f paiMii|»# and common btrt*troot
were quite* iiuidequatc,*11

3 . Ccm.I*M»TTiN A AKI>
see, then, that although the complettiit A k soluble

in fat, the aunnount of thb aihst^iH r in variouji nutrients is
by no ttw*m% proportional to their rkhnrsn in fat,** At in
early itage in than: invent.igatiom# the opinion gained ground
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that there was a definite ratio between the A content and
the lipochrome content of food, the belief being that the
nutrients richest in lipochrome were also richest in A.I0*7
Carrots, which are among the most highly coloured of the
root crops, are especially rich in both A and lipo-
chrome.784, 98l> K»7 The careful investigations of Rosenheim
and Drummond "3* have shown, however, that although
there is a general parallelism in the A content and the
lipochrome content of nutrients, the parallelism is not
invariably sustained:—

Foodstuff.

Milk Fat . .
Yolk of Egg
Codliver Oil
Whale Oil . .
Beef Fat . .
Kidney Fat
Maize
Wheat Germ
Cabbage
Spinach.
Carrots
Chicken Fat
Liver
Herrings
Cottonseed Oil
Cod
Lard
Cocoanut Oil
Hardened Fats .

Lipochrome
Content.

4 - 4 - 4 -
4 - 4 - 4 -
4 - 4 - 4 -

4- 4-

4-
4-

4- 4-
+ 4-
4- 4-

4" 4*
4* 4"

A Content.

4 - 4 - 4 -
4 - 4 - 4 -
4 - 4 - 4 -

4- 4-

4- +
4-

4- 4-
4" +

-j-
4- 4-
4- 4-
4- 4-

—
—
—

The hardening of fats seems to destroy the growth-com-
plettin A; and when fat is extracted with benzin or with
ether, most of the complettin is removed by the process.11^

Just as in the case of water-soluble B, so also in the case
of fat-soluble A, the richness of the natural nutrients is
inconstant. In especial, this has been proved as regards
milk and butter by Steenbock, Boutwell, and Kent.75* These
authorities suppose that the chief cause of the variations
must be the different feeding of the cows, but it appears
that the same fodder will contain different amounts of A
at different times. Consequently, in the case of fat-soluble
A as in that of water-soluble B, we have to reckon with

15
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seasonal variations in the richness of the pastures. Further
more, as we are about to learn, when dried fodder is in
question, prolonged storage of the fodder is attended with a
decline in the A content.

4. RELATIONSHIP TO OTHER COMPLETTXNS.
Among the descriptions of the properties of the com-

plettin A we find several inconsistencies, which might lead
us to suppose that we really had to deal with different sub-
stances in the different nutrients. A more careful examina-
tion shows, however, that the inconsistencies are mainly
due to the great comprehensiveness of the researches con-
cerned with the complettin A, and that in some of these
there has been confusion with the other cornplettins—more
especially with the complettin B. In the early stages of
the investigation, the inclination was to regard A as a lipoid,
and we have already learned that this was Stcpp's original
opinion.526 But Osborne and Mendel 3°5 have proved (ef.
also 7J4,875,1308) that the substance must be free from nitrogen
and phosphorus, or that if it contains either or both, it must
do so in quantities that are almost incredibly minute ; obvi-
ously, therefore, it cannot be a lipoid. As regards other
ingredients of the fats, subsequent investigations 7*1* •?$» *J*
have shown beyond dispute that A is not glycerine, that it
is not a saturated or unsaturated fatty acid, and that it
is not an undecomposed fat; nor can the various sterins b&
accounted possible incorporators of the A influence. In the
foregoing chapter (p. 204), we learned, indeed, that the statins
had the opposite effect to A, inasmuch as they interfered
with growth, especially when given in excess. Funk 375 was
at first inclined to believe that A must be a base having a
similar action to that of the vitamins. But Stepp has given
adequate prc>of,5*7 first of all that A contains no nitrogen,
and secondly that its mode of action is quite different from
those of the vitamins; Funk and Macallum have confirmed
this view>4 The researches of Rosenheim and Drum-
mond«3* have shown that A, despite its kinship with th#
lipochromes, is not itself a lipochrome; and this has been
confirmed by numerous authorities^,959* $&>, 9&*> 1*70, *i*3 It
remained to be demonstrated that A and E were distinct.
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The distinction is, in fact, obvious, for we know of substanms
(like butyric oil) which contain A ami hardly any 1$; and
of others (turnips, potatoes) which contain B and no A.
Furthermore we find that A without B or H without A does
not suffice to render a diet adequate; also, that the effects
of the two differ greatly in certain respects -for instance,
A prevents and cures xerophthalmia and osteomalacia,
whereas B does not. Finally, the question has to be mooted
whether A might not be identical with the? antiscorbutic
complettin C. Apart, however, from the consideration that
the effects of A and C ant entirely different, direct proof
that the two substances are distinct has been furnished by
Givens and Cohen,75i Harden and Zilva,*»s and Mellanby.uH
We are therefore constrained to admit that the compJettin A
is a distinct substance, not identical witli any of the* other
recognised growth-promoting or itfo.snstuining substances.
We shall now proceed to consider this properties of A,
excluding reference* to any propertien that might be ascribed
to confusion with other substances, or to impurities.

5. PROPKKTIKS OF THtt CoMI'UiTTlN A,

In 1909, Steppw drew attention to the solubility of thin
complettin in alcohol, «md the fact has been confirmed by
all subsequent investigators, w** v% «»«• **?, %**, 7M, <***, **s<> It
is but slightly soluble in water,?** and cannot be extracted
from fat by water.*?* It is, however, soluble (though not
very readily) in the ordinary fat'SohwntH acetone,*1* b<*rm>I,
chloroform,1 M» and iithvr,**% w. ***• 7M, *M* but cannot \m
completely extracted by the*** mumtrtta. When, however, A
is first extracted with alcohol, and the* extract in evaporated
down, the complettin can then bit fully extracted from the
residue with ether. Thin provides a gooci method of purifi-
cation. For example*, green virgetabtefi, having \mm\ dried
and pulverised, are treated with htmzin or with cither to
extract the fat; the complettin h then extracted with
alcohol; when the alcohol hm been evaporated off, the
residue is extracted with ether; when the ether has been
evaporated, the complettin is left in a fairly pure atate. For
dietetic experiment*! it can then be dissolved in olive oil
which has been previously freed from A, (Cf, Zilva, 1150*)
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Speaking generally, however, the complettin A (though speci-
fically termed "fat-soluble") is not readily dissolved by
fats, and cannot be extracted from vegetable nutrients by
vegetable oils or by lard.7*4, "4*

Funk and Macallum374 began by isolating A by the
method then in vogue for the isolation of vitamin, namely
by extraction with 0-5% hydrochloric acid; but obviously
all they could get in this way were specimens of A contain-
ing vitamin as impurity—this being, indeed, manifest from
the other data of the investigation. Drummond 875 declares,
moreover, that A is almost insoluble in hydrochloric acid.
The non-identity of A with vitamins, with B and with D,
and above all with C, is best shown by the reaction of the
respective substances to alkalies. Whereas the other com-
plettins all appear to be more or less sensitive to the action
of alkalies, A is apparently unaffected by them. Steenbock,
Boutwell, Gross, and Sell IX4* actually declare that fats con-
taining A can be fully saponified by 6 % alcoholic solution
of potash without the A being notably affected, even though
the action of the alkali has been continued for several days.
Drummond,875 however, tells us that there is a certain loss
of A in this process, perhaps due to oxidation—see p. 229.
By shaking up the soap solution with ether and evaporating
off the ether, an extremely effective residue was obtained.
This could be further purified by dissolving it in a mixture
of alcohol and petroleum ether (naphtha), and then adding
water, shaking up, and allowing the solution to separate-
into layers. The A, together with the carotin, passed into
the naphtha stratum, whereas the alcoholic xanthophyll
solution contained no more than traces of it. This report
suggests that the obtaining of A in a pure state ought to be
possible, and it could be wished that with this end in view
the physiologists would seek the aid of a competent chemist.

As regards thermostability, the complettin A differs
greatly from the complettins hitherto considered, and also
from C. Nevertheless, as Osborne and Mendel 702 and
Ramsden7i4 insist, the power of resisting heat is greatly
influenced by the conditions under which the heat is applied,
one of these conditions being the nature of the menstruum.
Thus Mendel I223 reports that A in butyric oil is less resistant
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to heat than A in aggregate butter. In butter, A will resist
long-continued steaming^w, 113* fifteen hours' heating at
95° C-,lliz and even four hours' heating at 1200 C.IO34; but
it is destroyed by longer heating at these high tempera-
tures.396, 427 Yet Steenbock, Boutwell, and Kent 75* found
that when butter was shaken up with hot water for a long
time, the A it contained was seriously injured; and they
considered that the injury was due to the effect of heat.
Stepp 334 reported that two days' boiling of the active lipoids,
or of the aggregate food, in alcohol, or more prolonged boil-
ing in water, destroyed the activity of the substance.

According to Delf,8°6 the growth-complettin A in green
cabbage resists ordinary boiling, but it is somewhat impaired
by keeping the dried cabbage for from one to two hours at
a temperature ranging from ioo° to 1200 C, and is very
seriously injured by two hours' dry heating at 1300 C. On
the other hand, Steenbock and his collaborators IO54 inform
us that the A in green cabbage is not affected by three
hours' heating in the autoclave under fifteen pounds pressure.

The contradictory character of the foregoing reports is
mainly explicable by the supposition that the complettin A
is readily oxidisable. According to Drummond,875 when the
food containing A is heated in thin layers to ioo° C, the A
is destroyed within an hour, whereas several weeks' exposure
to a temperature of 370 C. is requisite to effect destruction.
Subsequently, Drummond and Coward X3*4 gave direct con-
firmation of the hypothesis that the cause of the destruction
must be oxidation by atmospheric oxygen. This, likewise,
is the plain inference from the experiments of Hopkins, IO34
who found that four hours' heating of butter at 1200 C. had
no deleterious effect upon the A it contained, whereas the A
was completely destroyed within the same period at this
temperature when air was forced through butter all the while.
In a subsequent and extensive series of experiments,^^
Hopkins confirmed the theory that A is readily oxidisable.
According to Zilva,x3*5 ozone, even in the dark, speedily
renders A completely inactive; and ultraviolet light will
quickly destroy A in codliver oil when air or ozone is present,
but has no effect when the oil is in a carbonic-acid atmo-
sphere. The sensitiveness of A to light was pointed out in
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1918 by Ramsden,7I4 who did not, however, recognise the
real bearing of his own observation.

We may, therefore, assume that when air is excluded,
or when a nutrient is heated in compact masses, the com-
plettin A will tolerate even prolonged heating at I2O°C.
under atmospheric pressure or under greater pressure. But
when air has free access (either because the nutrient is heated
in thin layers, or because it has been pulverised, or because
it is in dilute solution, or because air is directly conducted
through it), A is speedily destroyed by a high temperature.
This explains why it is that when lactalbumin 898 or casein II68

is heated at 1200 for a long time in thin layers, the traces of A
these substances contain are destroyed, and yet that butter can
be exposed to the same conditions without appreciable loss of A.

We can also understand why the drying of vegetables,
especially when the drying is effected in the customary
manner at a moderate temperature,1^*, 13** is harmless to
the A they contain, and that the dried material can safely
be stored in large masses with the exclusion of air; but
that when the A-containing substances are preserved in the
powdered state, and especially in open vessels, the com-
plettin A is soon destroyed.80? This explains, likewise, why
butter can be preserved in bulk for years without the loss
of efficiency of the A it contains, whereas butyric oil no
longer contains any effective A after a year's storage.477
Delf and Skelton *>7 describe the drying of vegetables as an
undesirable method of preserving them; but the foregoing
considerations will show that, as far as the A content is con-
cerned, this is true only if the dried vegetables are freely
exposed to the action of the air.

6. PHYSIOLOGICAL ACTION OF THE FAT-SOLUBLE
COMPLETTIN A.

When there is a deficiency of A in the food, just as when
there is a deficiency of B, the first effect is an arrest of
growth (in young animals); then comes a rapid loss of
weight, often attended with grave debility,821* IX33 and the
appetite falls off. The general debility and the lowering of
the resistance to infections is even more marked when there
is a lack of A than when there is a lack of B. The power
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of A to enhance the resistance of the organism to microbic
infection is extremely characteristic of this complettin.8?6*
920, 1116 The difference between breast-fed and bottle-fed
infants as regards resistance to infection is well known;
Aron refers this to the high A content of the natural milk.
The same authorityI1I7> suggests that the extreme prevalence
of influenza during the last years of the war, and the malig-
nancy of the disease at this epoch, may have been due to
the general lack of A in the diet, and to the consequent
weakening of the constitution.

When there is a deficiency of A in the diet, just as when
there is a deficiency of B, no change can be detected in the
serological constants.^ We must therefore look to a direct
loss of efficiency in the organism or its cells to account for
the diminished powers of resistance. No doubt one of the
effects of wartime feeding was the widely noted diminution
of the haemoglobin richness of the blood ; but war feeding
was defective in so many respects that we are hardly justified
in laying the blame upon one defect in particular. Stepp 884
certainly found that in dogs fed on an A-free diet there was
a marked decline in the haemoglobin richness of the blood,
although the number of the erythrocytes remained normal.
Dalyell,IO55 in a Viennese child suffering from grave mal-
nutrition, found that the provision of A in the diet was fol-
lowed within two-and-a-half months by an increase in the
haemoglobin richness of the blood from 38 % to 70 %.

The effects of A and B in respect of growth are of course
manifest only in growing animals, and in like manner the
effects upon body-weight are far more manifest in young
than in adult animals—more manifest in proportion to the
activity with which growth should be proceeding.459 We
find also that the effect of A deficiency in reducing resistance
to infections is less marked in adultsJ^ Nevertheless, A is
essential to adults for the maintenance of body-weight and
a good general condition.^*

7. A IN RELATION TO XEROPHTHALMIA AND TO
KERATOMALACIA RESPECTIVELY.

The lowering of resistance to infection gives rise, especi-
ally in youth, to an aifection of the eyes which may be
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regarded as pathognomonic of A deficiency. This disease
is known as xerophthalmia, which usually passes on rapidly
into keratomalacia. Of all the tissues of the animal body,
the cornea is perhaps the most completely removed from
the direct influence of the blood stream, and it is therefore
only to be expected that any important change in the bodily
juices should speedily produce effects upon the cornea. The
lack of A in the food gives rise to a' general dryness of the
skin, and it has similar effects upon the cornea. The morbid
state thereby induced makes it easy for all kinds of microbes
to invade the tissues of the eye, producing changes which
may culminate in blindness. The occurrence of xerophthalmia
in A deficiency was first noticed by Freise, Goldschmidt,
and Frank 459 in rats fed on food which had been extracted
with alcohol. The observation was confirmed by Bulley,821

Hopkins,1066 and Nelson and Lamb.JI43 The primary cause
of the disease is not the infection of the cornea, but the dry-
ing of the cornea through the lack of A, which prepares the
ground for microbic invasion. Bulley has repeatedly endea-
voured to infect with material from cases of keratomalacia
the eyes of rats fed on a diet rich in A, but has never suc-
ceeded. Or rather, among 250 young rats on an adequate
diet, 5 only became affected with xerophthalmia, and in
these instances there was reason to suppose that the extreme
uncleanliness of the animals was the cause of the infection.
On the other hand, rats fed on a diet devoid of A almost
invariably became affected with xerophthalmia or kerato-
malacia.

Among diets especially prone to induce these diseases of
the eye, the following ill-balanced diets are mentioned:
potato diet8 l 2; nuts poor in A Il69 ; cereals 682» 796;—even
when supplemented with buttermilk, skim-milk, or vegetable
margarines Millet and hemp seeds are said by McCollum
and Simmonds683 to prevent the onset of xerophthalmia;
but according to Auer,81* attacks may occur when millet is
being given. We may assume that in millet, as in other
natural foods, the quantity of A is variable; and since there
is at the best but a narrow margin of sufficiency in this
grain, the amount may fall below the necessary minimum.
The same considerations apply to skim-milk, which will
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contain very little A if the removal of the cream has been
thorough. This explains the discrepancy between the obser-
vations of Bloch,9*o who found that a diet of buttermilk or
skim-milk may induce keratomalacia in children, and those
of Freise, Goldschmidt, and Frank,459 according to whom
buttermilk and skim-milk will cure the disease.

When the diet is rich in A (when, that is to say, it con-
tains plenty of butter, cream, full milk, eggs,92o or codliver
oilI057), this affection of the eyes is rarely encountered, and
then only as a result of general debility and deficient atten-
tion to cleanliness. Perhaps these exceptional instances
may also be referred to a deficiency of inorganic salts in the
diet, for McCollum and Simmonds68* draw special attention
to the fact that, while A can prevent or cure the disease, it
can only do so when the diet contains an ample supply of
sodium and potassium.

For the cure of xerophthalmia or keratomalacia, extracts
rich in A,I243 and natural nutrients rich in A, such as
butter,682* 9*°> IO55 cream, full milk, eggs,9*> and codliver
oil,9*°, r°55 will be found valuable; the same substances are
efficacious as prophylactics.682* 7*4. 812, 821, 1343, 131*

8. A IN RELATION TO OSTEOMALACIA.

Like the cornea, the cartilages and the osteogenic tissues
are poorly supplied with blood, and they too therefore are
especially apt to suffer when A is lacking in the diet.IO55 In
experiments on animals, changes in the bones are less con-
spicuous than changes in the cornea, so that reports upon
bone disorders are rare. According to the experiments
made by Mellanby IO55 in the years 1918 and 1919, young
dogs supplied with a diet poor in A but otherwise adequate
become " rickety" ; but the author's descriptions suggest
rather the onset of a rachitis tarda, which may be regarded
as identical with osteomalacia. According to Barnes and
H u m e ^ the chief characteristic of this disease is a rare-
faction of the osteoid tissue, which in the neighbourhood of
the epiphyses may be reduced to the thinness of paper;
the spongy tissue may more or less completely disappear,
but the chemical composition of the bone is not affected.
In true rickets, on the other hand, there is softening of the
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bone tissue with a predominant loss of calcium salts, so that
the bone-ash in cases of rickets exhibits an abnormal prepon-
derance of magnesium salts.

Weiser,347 feeding pigs on an exclusive diet of maize,
noted the onset of " ricket-like " diseases of the bones, and
he considered that rickets was actually present. It is true
that in the experimental animals there could be detected
in the canial bones, the ribs, and the vertebrae, a moderate
increase in the proportion of magnesium, and that this obser-
vation might be taken as confirming the rickets theory
But in rickets the most pronounced changes occur in the
bones of the extremities, and in the experimental animals
these bones contained a normal percentage of magnesium—
or in some instances even a little less than normal. We
can, therefore, confidently infer that the disease was not
rickets, but osteomalacia.

Scheunert, Schattke, and LotzschlSl reported the onset
of a similar disease in horses fed on hay of abnormal com-
position. They considered that the unusually low propor-
tion of lime and phosphorus in the hay was the pathogenic
factor, and we know that in abnormal vegetable products
the A content may be too low. ScheunertIo88 has recently
reported another case in which osteomalacia occurred in
horses fed for ten years in the same stable. In this instance,
the fodder was normal as regards richness in inorganic salts,
and the only obvious defect in the diet was that the drinking
water was very poor in calcium. Scheunert thinks that the
illness was due to an infection of the stables and the drinking
water with a diplococcus which gave rise to digestive dis-
orders in the horses, resulting in a general modification of
the intestinal flora and in the abundant formation of lactic
acid in the intestine. Both these instances are extremely
interesting in more ways than one, and I shall return to
their consideration shortly.

During the later years of the war, osteomalacia and other
forms of osteopathy were frequent, and in the large towns
sometimes assumed epidemic proportions. This tends to
confirm the opinion that the complettin A is essential to
the normal metabolism of the bones. It has been widely
believed that the cause of these troubles must have been
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some lack in the diet, especially a lack of calcium and phos-
phoruses, 9<>5, 1031, 1078, 1290,1306 fcut other authorities have
spoken of a " lack of vitamin." 933,1078 The latter assump-
tion is confirmed by the following considerations. First of
all, the bone disorders were frequently associated with signs
of disorder of the endocrine glands, such as amenorrhoea in
adult women and a failure of menstruation to begin in girls at
the age of puberty (cf. Blencke IO78), and by nervous symptoms,
such as tetany and other spasmodic troubles.1^, 1165 In
the second place, the diseases were curable by a diet rich
in A, and especially by the administration of codliver oil
933, 1078 or of phosphorated codliver oil.933,96s, J3<>6

9. A IN RELATION TO RlCKETS.

Obviously, the onset of such bone diseases when the
diet is lacking in A, in conjunction with the specific anti-
rachitic effect of codliver oil (a substance rich in A), has
given rise to the view that rickets is caused by a deficiency
of A in the food. Osborne and Mendel 35° (see also Aron 781),
who were the first to discover that codliver oil contains A>

promptly thereon gave expression to the opinion that the
therapeutic value of codliver oil in rachitic disorders must
be due to the A it contained. The suggestion received addi-
tional support when it was found that osteomalacia was
prone to arise when the diet was deficient in A. But the
hypothesis has never secured unconditional acceptance among
experts, R6hmann47* considers that the main cause of
rickets is, either a lack of calcium in the food, or inadequate
absorption of calcium by the intestine, " with the possible
collaboration of " a disturbance of the honnonic secretions
that control the formation of bone. McCollum, Simmonds,
and Parsons,^1 and also Dalyell,I338 while admitting that the
lack of A has some causative influence in the production of
rickets, nevertheless regard this influence as subsidiary,
and stress the importance of other errors of nutrition (not-
ably, the lack of B, C, calcium salts, and phosphorus), toge-
ther with the significance of the general conditions of life
and that of the care of the body. As regards the diseases
of bone that occurred in Mellanby's dogs,IO55 it is evidence
against the presumption that they were rachitic, that a cure
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ensued when butter or full milk was added to the animals'
diet for in children suffering from rickets, the administra-
tion of full milk in the absence of codliver oil is apt t o make
matters worse.

At first, misunderstanding arose in these investigations
through the reiterated confusion between A and B in
plants.IJ35 But the further research went, the more was
doubt cast upon the accuracy of such views. I n 1920
Mendel himself said that he considered it dubious whether
A really had anything to do with the causation or cure of
rickets I 2 23; and Mackay, an authority on the diseases of
childhood, has expressed the same view.3^*8 It is a familiar
and indisputable fact that codliver oil has a specific effect both
in the prevention and in the cure of rickets.IO35> 1057, I369* etc
But it is probable that the value of codliver oil may
depend upon factors of an unknown nature, factors which
have no connection with the A content of the oil. Bordering
on the absurd is a statement by Hamshire and Hawker 9J4 to
the effect that rickets can be cured by a proprietary prepara-
tion "rich in vitamins," known as "University Cream/'
and consisting of beef suet, olive oil or earth-nut oil, syrup,
benzoic acid, and decoction of Irish moss.

In 1920, the British Medical Association held " A Discus-
sion on the present Position of Vitamins in clinical Medi-
cine," I05S which served to clear up the problem a good deal.
Whilst Hopkins expressed the opinion that the fat-soluble
factor, though not (by its absence) the sole cause of rickets,
was certainly an important etiological factor, and whilst
Hess looked upon Mellanby's discovery as very important,
Hess himself insisted that a number of other factors both
organic and inorganic must play a part in the pathogenesis
of this disease. Many mistakes had arisen from confounding
slight cases of scurvy and other affections with incipient
rickets. Still insisted upon the indispensability of t h e fat-
soluble complettin, but reported that milk which had been
sterilised by the addition of hydrogen peroxide and wanning
—being thereby freed from A—induced in children not
rickets but scurvy. Mann likewise regarded rickets a s the
outcome of a complex of causes, the chief of which was a
dearth of fat in the diet. (Why then do infants fed o n full
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milk become rickety ?) Pritchard spoke of numerous factors
as contributing to the causation of rickets: defect or excess
of one or other constituent of the diet; lack of fresh air or
bodily exercise; chronic infections, especially of the gastro-
intestinal tract. All of these combined to increase the need
of the organism for calcium, so that the supply to the grow-
ing cartilages was insufficient.

To anyone thoroughly well acquainted with the condi-
tions under which rickets arises, these views are obviously
full of contradictions. First of all it has repeatedly been
shown that human nurselings often become affected with
rickets even though their food contains plenty of A. Again,
it has long been known that in cases of incipient rickets,
the presence of a superabundance of calcium in the food
does no good unless codliver oil be simultaneously admi-
nistered. Finally, even though the diet is persistently poor
in calcium, codliver oil can cure rickets, although the cure
is certainly expedited by the simultaneous administration of
calcium salts, and especially of soluble tricalcium phosphate.
All these circumstances have been expounded in masterly
fashion in the writings of Herbst and of Schloss. In especial,
the last-named author, whose premature death during the
war is profoundly to be regretted, has given an extraordi-
narily clear and vivid picture of the disease. He describes
rickets as a constitutional affection of the osteogenic tissue,
whereby not merely is the growth of the bones hindered,
but, further, the deposit of calcium salts in the osteogenic
tissue is interfered with by a reduction in the affinity of
this tissue for calcium salts. The specific effect of cod-
liver oil consists in a stimulation of the affinity until it
attains a normal or even a supernormal level, so that the
osteogenic tissue is rendered competent to assimilate with
the utmost energy the available calcium, even though this
be presented in very small quantities.

These epoch-making writings of Herbst and Schloss,
which for the most part appeared during the war, have not
received sufficient attention from British medical authorities,
who are rather inclined towards conservatism. But while
the failure of the British in this respect is excusable, I find
it impossible to excuse the German faculty for its neglect
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of these remarkable contributions of Schloss and Herbst.
It seems to me characteristic of the mentality of my country-
men that, while uncritically accepting foreign opinions, they
should ignore the best productions of German science. I t
would seem as if there were justice in the contention t ha t
there is an ebb in German science, and that the leadership
has now passed to the Americans. A tragical outcome of
the war, and perhaps for the German nation the worst of
all its outcomes!

To summarise the present position of our knowledge, i t
is certain that some sort of inadequacy in the diet must be
a predisposing cause of rickets and a contributory factor in
maintaining the disease. On the other hand, it is proved
that neither a liberal supply of A, nor a superabundance of
calcium salts, nor both combined, can avail prophylactically
or therapeutically unless codliver oil (which must not be
too highly refined) be used as the vehicle for A. It would
seem, therefore, that the richness of codliver oil in A is a
mere accessory to the antirachitic action of this specific.
The effect of codliver oil in rickets may be fortified by the
richness of the oil in A, but must have other essential causes.
In fine, the only certain prophylactic is breast-feeding by a
mother able to supply good milk.

10. A IN RELATION TO PELLAGRA.

No less uncritical than the contention that a lack of A
in the diet is the main cause of rickets, is the assumption of
McCollum and his collaborators^1 that A deficiency is a
cause of pellagra. In Chapter Nine we shall show that this
assumption is untenable.

I I . A IN RELATION TO MALNUTRITIONAL OEDEMA.

Equally unsound is the contention of Hopkins that A
deficiency is important as an etiological factor in the produc-
tion of malnutritional oedema. Chick "37 is also inclined t o
regard a lack of A in the diet as one of the causes of mal-
nutritional oedema; and according to McCarrisonIJ4<> the
normal action of A is to keep down the adrenalin content.
When the fat-soluble factor is deficient in the diet, t he
adrenals hypertrophy, and there ensues an excessive produc-
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tion of adrenalin, leading to oedema. We discussed this theory
on p. 145, and showed there that it involved an inverted view
of the facts, and that McCarrison had withdrawn his con-
tention.1^ Nevertheless, it is possible that a lack of A in
the diet may be a contributory cause of malnutritional
oedema. To this matter we shall return.

12. ACTION UPON THE ENDOCRINE GLANDS.

Though it seems probable that as regards the osteopathies,
as regards the causation of osteomalacia and rickets, the
importance of the fat-soluble complettin has been consider-
ably overestimated, its influence upon body-weight and
growth has been definitely proved. This influence is fully
considered in Chapter Five, and all that is now requisite is
to present a few important facts which are essential to the
better understanding of the effects of A in the organism.
We have seen that in growing animals and human beings,
when there is a deficiency of A in the diet an arrest of growth
ensues; then comes a decline in body-weight, gradual at
first, and subsequently rapid; there is profound debility,
which often proves fatal unless a speedier death should have
resulted from some intercurrent disease due to the lessened
resistance to infection and other noxious influences. A
conspicuous effect of A deficiency is a general atrophy of
the endocrine glands, the only exception being the adrenals,
which hypertrophy just as they do when there is a deficiency
of Funk's vitamin.876 The researches of Verzdr and Bogel IJ7°
have shown that, like B and D, A is absolutely non-toxic
alike in cold-blooded animals and in mammals, and that in
dogs affected with diabetes from operations on the pancreas
neither the size of the pupils nor the excretion of sugar is
affected by their administration. But A differs from B
and D in that it has no effect upon the secretion of the
glands. Consequently the atrophy of the endocrine glands
in A deficiency must be due to an interference with the
normal nutrition of these organs. The reduction in their
secretion is merely an indirect consequence of the atrophy.

Verzdr and Bogel report, in addition, the interesting fact
that A is a vasodilator, that it has an action antagonistic
to that of adrenalin. All the more striking is it, then, that
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the adrenals should undergo hypertrophy when there is a
lack of A, for there would not seem to be any direct occasion
for a surplus production of adrenalin. The lack of A must
enhance the effect of the adrenalin, and the hypertrophy of
the adrenals must be regarded as a direct consequence of
the A deficiency—but the way in which this effect is produced
is still to seek.

According to Drummond, the deposit of fat occurs in
animals quite normally when A is lacking, and the milk of
lactating animals remains perfectly normal in respect of fat
content 87$; but a sufficiency of milk for the growth and
the normal development of the offspring can only be secreted
by the mother when her food contains an adequate supply
of A. The lacteal glands cannot themselves manufacture
A ; but, just as they are able to call upon the maternal
organism, even at the cost of its own health, to supply all
the other necessary constituents of normal milk, so are they
in a position, when there is a lack of A in the diet, to com-
mandeer whatever quantities of A may be circulating in the
maternal blood and to secrete them in the milk. According
to McCollum and Simmonds,10*6 only when the lack of A in
the maternal diet has been long continued does there arise a
deficiency of A in the milk, and the effects of this are
promptly manifested in the sucklings by an arrest of growth,
by debility, and by a proneness to xerophthalmia.

The facts just recorded indicate clearly that the fat-
soluble complettin A cannot be synthetised in the animal
body, and that the animal organism's need for this substance
can be satisfied in no other way than by its provision ready-
made in the food.234, 56l> 10*t, XI7° The ultimate source of
the fat-soluble complettin is, therefore, the vegetable kingdom.
The main supply would appear to be derived from the
green and growing parts tof plants, but in exceptional
instances it is found in the stored-up fat.

The various yeasts and microorganisms are able to syn-
thetise A for their own needs, and are therefore independent
of supplies from without. Very interesting, therefore, is
the statement of Willaman IO43 (if correct), that certain fungi,
and notably Sclerotinia cinerea, appear to need a supply of
A, being otherwise incompetent to form spores. We must
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assume that, just as in the case of animals (which are all
parasitic upon the plant world), the parasitic mode of life
of these fungi has led to a degeneration of the parasites in
this respect, so that they are no longer competent to satisfy
their need for A by independent production, and are com-
pelled to draw upon the stores of the host.

In conclusion let me emphasise the fact that the effect
of A is of course subject to the law of the minimum to this
extent, that when some other essential constituent of the
diet is wholly lacking or is supplied in inadequate quantities,
even the most liberal provision of A can have no effect. As
regards proteins, fats, and carbohydrates, and as regards
the other complettins, the fact will be obvious to everyone.
But people are so apt to overlook the importance of inor-
ganic salts that I find it necessary to insist once more that
an adequate supply of these substances (adequate both
qualitatively and quantitatively) is an indispensable prere-
quisite to the effective action of A. We have already seen 68a

that on a cereal diet a supplement of A remains without
effect unless the inorganic content of the diet be likewise
supplemented by the addition of sodium and calcium until
there is an excess of bases. In like manner, McCoUum and
his collaborators have shown I026 that, even when there is
plenty of A in the diet, the maternal organism cannot
secrete sufficient milk, and therefore that the progeny cannot
thrive, unless the mother's food likewise contain an adequate
amount of inorganic salts in due proportions. Aulde 12S9 has
also shown that a lack of calcium, when complettins are sup-
plied, induces the same changes in the glands as those seen
when the diet contains plenty of calcium but is deficient in
complettins. Similarly, although there be abundant A in
the diet, if calcium be deficient there will arise affections of
the eye such as are witnessed when A is deficient; and in
cases of xerophthalmia, the administration of calcium in
addition to A will cure more quickly than will the admini-
stration of A alone. The only possible interpretation of
these facts is that the complettins cannot do their work in
the absence of the necessary inorganic salts.

16



CHAPTER SEVEN

THE ANTISCORBUTIC COMPLETTIN C

i . HISTORICAL.

ALTHOUGH the nature of scurvy was not elucidated until
during the last decade, this disease is one of the oldest
scourges affecting mankind in northern latitudes. An exami-
nation of skeletons dating from neolithic times, from the
bronze age, and from the iron age, has shown that in Sweden
during those times scurvy must have been devastating in
its prevalence, whereas rickets seems to have been almost
unknown. During the long winters of those northern regions,
when smoked or dried meat and fish constituted the staple
diet, it was inevitable that scurvy should be prevalent. At
the present day, the Eskimos of North America live under
conditions similar to those which prevailed in Scandinavia
during the stone age—at any rate, during the paleolithic era,
the greater part of Sweden was covered by an ice-sheet.
Now, in summer the Eskimos, who live almost exclusively
on flesh and fat, often suffer from a mild form of the
haemorrhagic diathesis, being affected with bleeding from
the gums, nosebleed, haemorrhages from the other mucous
membranes, and severe extravasations of blood in the sub-
cutaneous tissues upon comparatively slight provocation,
while in winter, under the combined influence of famine
and unsuitable diet, typical scurvy is apt to arise, sometimes
carrying off entire tribes. Among the indigens of North-
Western Asia, who are at an even lower level of culture than
the Eskimos, and among the Ainos of Northern Japan,
similar conditions prevail. The rise of large urban com-
munities in Northern and Central Europe, populations hemmed
in by the walls and moats of the fortifications, gave occasion

24*
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for long-continued epidemics of scurvy. The town-dwellers
were dependent for their food-supply upon the peasants of
the immediate neighbourhood; and when there was any
arrest of the provision from this source, scurvy promptly
made its appearance in the cities. This was the rule as late
as the beginning of the nineteenth century. An examination
of the death registers of the old cities shows that scurvy
took its place beside consumption and apoplexy as one of
the most common causes of death.

When sea voyages grew longer, so that ships were months
without communication with the land, scurvy became a
frequent and dreaded guest on board. The whalers, in
especial, who sometimes spent years in the far north under
the most unfavourable conditions, working very hard on an
unsuitable diet, suffered greatly from the disease. So did
the men of the navies, who were closely herded together,
and were fed almost exclusively upon badly preserved food.
It was natural, therefore, that upon ships the specific value
of the various sorts of lime and lemon as preventives of
scurvy should first have become known; and as early as
the sixteenth century, the antiscorbutic effect of fresh vege-
tables was familiar. But it was not until the year 1796 that
the provision of lemons as a means for the prevention of
scurvy was made compulsory in the British navy.

We see, then, that it was no chance matter that the
impulse to the scientific study of this disease should have
originated in the north, and that the pioneer investigations
should have been made in a land whose population has for
thousands of years furnished so large a proportion of sea-
faring men. In the year 1905, the Swedish physician
Ekelof 47 expressed the opinion that the disastrous effect of
preserved nutrients must depend upon the generation of
autolytic poisons within them. A little later, a similar idea
was promulgated in Germany by M. Schubert.51 Shortly
before this, writing in the Swedish medical journal " Hygiea/'
the Norwegian Schmidt-Nielsens© had amended the theory
with the suggestion that what happened during preservation
was not the formation of toxins, but the destruction of
important substances—enzymes, perhaps, or antibodies such
as were then becoming known in connection with the theory



244 VITAMINS

of immunity. Within the next year or two came the publi-
cation by two Norwegians of the most important studies
incorporating the results of modern research into the nature
of scurvy. In an extended series of experimental investi-
gations, Hoist and Frolich have attempted, with the aid of
modern physiological and chemical methods, to throw light
upon the etiology of scurvy.6** 63> *4,

 6$> 10X> w l86> 20*> etc-
First they were able to show that bread, cereals, or dried

potatoes, gave rise to scurvy in guineapigs; so did dried
cabbage, dried carrots, and dried dandelion. On the other
hand, fresh fruits and vegetables, such as apples, potatoes,
cabbage, carrots, dandelion, and lemon juice, can not only
cure scurvy, but when added to a scorbutogenic diet can
prevent the onset of the disease. Peas, lentils, and almonds,
and also maize, give rise to scurvy in guineapigs. When
nutrients which, as an exclusive diet, induce scurvy are given
in conjunction, the disease still arises, and this shows that
we are not concerned here with a deficiency disease resembling
that which occurs when an inadequate protein is given,
seeing that several inadequate proteins respectively derived
from different classes of foodstuffs can compensate one
another's deficiencies.102* l87» *°3 The addition of milk to the
diet will prevent the onset of scurvy; but this prophylactic
power is more or less completely lost if the milk be boiled,
condensed, or dried. In like manner, the prolonged boiling
of such nutrients as cabbage, carrots, or dandelion, greatly
impairs their antiscorbutic value.

The two Norwegian scientists inferred from their studies
that quite a number of natural nutrients must contain an
antiscorbutic ingredient. There are other nutrients in which
this substance is present in small quantities only, or from
which it is entirely absent; and when such substances form
the staple diet, scurvy arises. The protective principle is
thermolabile, and is rendered inactive or destroyed by
prolonged boiling or by drying.

Another Norwegian, V. Fxirst,10** l87, 203, etc. confirmed
and expanded these conclusions in a long series of investiga-
tions. Notably, as early as 1910, Fiirst made the important
discovery that oats, peas, and lentils, which in the ordinary
condition are scorbutogenic for guineapigs, become during
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germination so rich in the antiscorbutic complettin that their
addition to a scorbutogenic diet can cure scurvy; and that
as exclusive diet these germinated grains or pulses are not
scorbutogenic. He found, further, that in the germinated
seeds, likewise, the efficacy of the antiscorbutic complettin
was gravely impaired or completely destroyed by drying.
Like Hoist and Frolich, Fiirst drew the inference that scurvy
must depend upon the absence of a natural prophylactic from
the diet. Since this substance is present in milk, which is
a nutrient rich in vitamin, and since vitamin is rather sensitive
to heat, Funk assumed that scurvy must be akin to beriberi.*°5
Numerous subsequent investigations, conducted by various
authorities, have shown that the occurrence of scurvy must
actually be due to the absence of some protective principle.
(Cf. in especial, 391* 7*4> ™M.)

Furst l87,203 had been able to exclude acidosis and infection
as possible causes of scurvy. McCollum and Pitz, however,
now came forward with a new theory, according to which
scurvy was indirectly, though not directly, due to micro-
organisms. They held that the causation of the disease did
not depend upon the lack of an accessory food factor, but
upon prolonged retention of the faeces in the bowel, putre-
factive processes, and consequent toxaemia.^1* 65* Pitz 693
quotes an experiment by Lusk, who found that whole grain
did not bring about scurvy in guineapigs; but McCollum
found that the addition of milk to a diet of whole grain induced
constipation, and that the putrefactive processes which then
ensued in the intestine gave rise to scurvy. Figueira,IO46

experimenting on guineapigs and dogs, came to the same
conclusion.

In support of this hypothesis, stress is laid on the assertion
that laxatives are said to prevent the onset of scurvy.^1* 65*> ^3
The same effect is supposed to be secured by a modification
of the intestinal flora, leading to a replacement of putrefactive
processes by innocent fermentations ; in this way considerable
doses of lactose are said to prevent and cure scurvy.*93 Pitz,786

however, makes a reservation to the effect that although
laxatives and lactose can retard the outbreak of scurvy for
as long as twenty weeks, they do not furnish complete
protection.
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Other authorities have been unable to confirm these data.
Moreover, according to Harden and Zilva, large doses of the
alkaline citrates are ineffective,794 although they destroy the
organisms of putrefaction and have a marked laxative
effect; and according to the same investigators, the free
administration of sugar, which has a similar action, is value-
less.795 According to Hess and Unger,75<> laxative oils are of
no use as preventives of scurvy. Hart, Steenbock, and Smith?01

were unable to prevent the onset of scurvy by modifying the
intestinal flora through the administration of chemically
pure lactose, or such laxatives as mineral oils or phenol-
phthalein. Mouriquand and Michel IO23 likewise declare that
laxatives are useless for the prevention and cure of scurvy.
The same authorities found that in scorbutic guineapigs the
intestine was often practically empty, and they concluded
therefore that stagnation of the faeces and intestinal putre-
faction could not be regarded as the causes of scurvy. On
the other hand, Karr and Lewis 638 have shown that in scorbutic
guineapigs, even when constipation occurs, there is no increase
in microbial activity within the intestine. Cohen and Mendel 749
consider that retention of the faeces has no etiological relation-
ship to scurvy, although naturally constipation, like any
other complication, can aggravate the symptoms of the
primary disease. Rohmann 473 would not admit the existence
of an antiscorbutic accessory food factor, and referred the
origination of scurvy to protein insufficiency. But this view
proved untenable when it had been shown that certain
vegetable extracts which were absolutely free from nitrogen
were competent to cure or prevent scurvy.

It is remarkable to find that McCollum, collaborating
with Simmonds and Parsons,^1 has insisted that in the produc-
tion of scurvy other causes must be operative in addition
to the lack of A or B, and that Funk's vitamin has nothing
to do with this disease. Aron, too, insists that the curative
effect of fresh fruits and vegetables in infantile scurvy depends
upon the presence of water-soluble extractives.78* Willcox ioa5
came to the same conclusion from his study of scurvy among
the British troops in Mesopotamia during the recent war.
Bierich,954 again, regards scurvy as dependent upon a denatu-
ration of the food whereby it is rendered qualitatively inade-
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quate. Quite isolated stands the report of Funk 5*7 to the
effect that antiscorbutics are valueless in guineapigs. The
animals were being fed on oats, and Funk's experience of the
valuelessness of antiscorbutics is in such flat contradiction
with the experience of all other investigators that we are
forced to assume the presence of some grave error of diet as
a contributory factor—perhaps a lack of calcium. I t is, of
course, hard to believe that so noted and experienced an
investigator can have made such a mistake, but this is the
impression left upon my mind by the secondhand reference
to which I have alone had access.

However, all the more recent researches point to the conclusion
that the cause of scurvy is a lack of complettin in the diet, and
Drummond^U has christened the complettin specifically active
in connexion with scurvy " water-soluble G."

2. SCURVY EPIDEMICS DURING RECENT YEARS.

Prior to 1914, people had come to regard scurvy as a
disease belonging to obsolete stages of social evolution, as
one of which civilisation had made an end. But the war of
1914 to 1918, and the subsequent years of alleged peace, have
furnished plenty of opportunities for the study of scurvy on
the European continent, and notably in the armies. A fore-
taste was provided in the last Balkan war, when scurvy was
rife in the Bulgarian army, although preserved vegetables
had been supplied as prophylactics. I have repeatedly had
occasion to insist that these preserved vegetables were
probably the cause of the disease. For the water-soluble
antiscorbutic complettin, just like the excess of bases, is
removed by the " bleaching " process which (despite all that
has been said against it by scientific authorities) is still in
vogue for the factory preparation of these preserves. Thus
the vegetables which were specially intended to prevent
scurvy, must have favoured the incidence of the disease.

Willcox I0*5 has published a detailed account of the epidemic
of scurvy among the British troops in Mesopotamia. In
order to prevent beriberi among the Indian soldiers, instead
of rice they were given " ata," a barley flour containing a
good deal of "bran and an abundance of vitamin, but poor in
C. The men had no fresh meat, no vegetables, and no fruit,



248 VITAMINS

and the result of this diet was a severe outbreak of scurvy.
The onset of the disease was favoured by the circumstance
that the men had already been weakened by the long sea
voyage, were under-nourished, anaemic, and suffering (many
of them) from dental caries when they arrived at the theatre
of war. Doubtless, too, their powers of resistance were
weakened by the terrible climate, the uncertainty of their
fate, and the home-sickness which must have been accentuated
by the contrast between the Mesopotamian deserts and their
native land. Willcox considers that the main factors of the
cure were the supply of fresh vegetables and fruit and fresh
meat; and he states that a salad made with malt vinegar
of raw, thinly sliced potatoes and raw onions was especially
efficacious. He insists that the lack of complettin in the
diet must have been the main cause of the disease.

It is well known that, during the war, scurvy celebrated
positive orgies in Northern Russia, and the building of the
Murmansk railway will be ever memorable in this respect.
A British doctor, J. D. Comrie,1118 has given a detailed descrip-
tion of the affair, and his account may be summarised as
follows. Among the Russian troops, scurvy was compara-
tively infrequent, owing to the abundant supply of potatoes,
pickled cabbage, fresh meat, and fresh fish; and among the
British troops which, in accordance with the suggestions of
Chick and Hume, were given germinated beans or peas as
a prophylactic, the disease was exceedingly rare. It was,
however, terribly severe among the prisoners of war, who
were put upon extremely strenuous work and who lived under
the most unfavourable and insanitary conditions. From the
descriptions of German prisoners of war who escaped from
Murmansk, we know that the Russians had no time or
sympathy to waste on prisoners who were affected with
scurvy. Anyone who became unable to work was left to
perish like a dog, unless a Russian soldier might be compassion-
ate enough to put him out of his misery with a blow from
an axe or with a bayonet thrust. The six hundred cases
Comrie describes as having been treated in the hospitals of
Murmansk and Archangelsk were no doubt drawn from among
the prisoners of war who were lucky enough to be working
in or near these towns. The diet is said to have been fairly
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varied, consisting of flour or biscuit, rice, oats, peas or beans,
frozen meat or tinned meat, salted herrings, bacon, salt pork,
tea, sugar, salt, and preserved lime juice—the last, we may
presume, only in the towns. Comrie tells us that the rations
were meagre, and that the diet was extremely poor in carbo-
hydrates ; and we know from other sources that in actuality
the diet was less varied than on paper, and that the quality
of the nutrients left much to be desired. But even if these
foodstuffs had been unimpeachable in quality, even if they
had been supplied according to schedule and in abundance,
they would still have induced scurvy, for the diet named
contains very little C, and the preserved lime juice of commerce
is of course quite inactive. In Murmansk, therefore, the
lack of C must have been the main cause of scurvy.

Outbreaks of the disease, however, were not confined to
these remote corners where the supply of food satisfactory
both as to quality and quantity was a difficult matter ; scurvy
made itself known in even Western Europe. The British had
experience of it from time to time when the supply of potatoes
was tending to run short.

Wiltshire J3O3 reports upon an epidemic of scurvy in 1917
among the Serbian soldiers on the Salonica front. In this
instance, the scorbutogenic diet consisted of bread and meat,
the latter being mainly tinned meat or frozen meat cooked
by boiling. Small quantities of the lime juice of commerce
did not prevent the occurrence of scurvy. Wiltshire mentions
cases in which scurvy occurred although " an abundance " of
boiled potatoes, onions, and spinach had been eaten; here
we may suppose, either that the boiling had been unduly
prolonged, or else that the water of the first boiling had been
thrown away. Special researches made by this investigator
showed that germinated beans, which were used after a time
both prophylactically and therapeutically, were far more
effective than fresh lemon juice. Even severe cases, which
resisted treatment with lemon juice, were speedily cured by
germinated beans. Here, then, manifestly a lack of C in
the diet was the decisive etiological factor.

Chick,I237 who studied the illness among children in England
and in Vienna, found that the main defect of wartime feeding
was everywhere a poverty in C, to which a lack of A, B, and
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inorganic salts, was often superadded. Somewhat earlier,
Frank I005 had drawn attention to the frequent occurrence of
infantile scurvy among artificially fed infants in the Viennese
Institute for Mothers and Nurselings. Chick and Dalyell 1O55.
1238, 1278 describing their Viennese experiences, insist upon
the poverty in the children's food in respect of C ; and they
say that the trouble was accentuated by the fact that, on
the one hand, the institutional diet (containing an abundance
of calories) induced rapid growth among the children, and,
on the other hand, there were grave errors in the preparation
of the food. Thus, in general, the period of boiling was
excessive ; and, after boiling, the food was usually kept warm
for a long time, whereby the complettin content was yet
further reduced. Most disastrous of all is the practice common
in South Germany of preparing vegetables by first boiling
them and pouring away the water in which they have been
boiled, and then masking the insipidity of the flavour by
adding a sauce made of charred flour and fat! When, at
the sun-bath station of the Viennese University Clinic it
becarpe necessary during the winter to restrict for eight weeks
the supply of fresh vegetables, scurvy appeared with positively
explosive violence.

I must refer in passing to an exceptional instance XII4 in
which scurvy appeared in a four-year-old child nourished
almost exclusively upon soup, coffee, and boiled milk—with
the remark that such cases are, in truth, far less exceptional
than might be supposed. In Germany, when they are mild,
they are usually confounded with rickets; but at least two
instances of epidemic scurvy in institutions were recorded in
this country during the war. I shall presently have to refer
to the outbreak of scurvy in the Frederick the Great Orphanage
at Rummelsburg near Berlin, described by Erich Miiller.1*68

The other epidemic was reported by H. Vogt,I04* who in 1919
had nine cases of infantile scurvy under observation in the
Altstadt Hospital in Magdeburg. The terrible rise of prices
in Germany is, at the time of writing, the cause of the frequent
occurrence of scurvy, for many people are living almost
exclusively on bread.J555» X556

Finally, during the last yeaxs of the war, tKe Swedish
newspapers contained numerous reports of epidemics of scurvy
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in Northern Sweden. The diet in this area consisted mainly
of very coarse, bad bread, with a small quantity of potatoes
and salt bacon, the beverage being a coffee substitute without
sugar or milk.

3. OCCURRENCE OF THE ANTISCORBUTIC
WATER-SOLUBLE C.

a. Occurrence.

The complettin C is found in special abundance in fresh
vegetables 751,8<>0,Io66 and fruits.106* The various fruits of the
genus citrus (lemons, limes, oranges, etc.) have long been
renowned as antiscorbutics. The richness of these fruits in
C appears to vary directly with their sweetness. McClendon II29
has even maintained that natural nutrients in general are
richer in C in proportion to their sweetness. But this asser-
tion must be accepted with reserve; and certainly honey,29*
the sweetest of all natural products, contains no C. The
lemon in common use, and its juice, though when fresh both
are very active,65, Io66 is less rich in C than the lime,I]C77 while
the orange and its sweet juice are richest.491, 577, Io66 The
inner layers of orange peel are likewise rich in C, and as a
supplement to an otherwise scorbutogenic diet can act as a
valuable prophylactic and curative agent even after months
of drying.751 The juices of other fruits are curative in
scurvy 4", 1066 - some of them, like grape juice, are effective
prophylactics.1066 Apples do not contain much C, but are
curative; cucumbers,1066 tomatoes,838, Io66 and bananas,^
are both prophylactic and curative. According to Weill and
Mouriquand,756 vegetables and fruits contain more C in pro-
portion as they are greener; when they ripen, their richness
diminishes. In conformity with this statement, we find that
ripe hay, according to Hess and Unger,75° contains very little
C, and straw even less.

White cabbage in small quantities as supplement to an
otherwise scorbutogenic diet is both prophylactic I71» l86, 577.
754, 1053 and curative,65, I05,8o6 but is less rich in C than
spinach.83J Fresh green cabbage is as rich as oranges in the
antiscorbutic complettin.II]C5 I have already mentioned that
dandelion can prevent the onset of scurvy l 86; and other
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green leaves, such as the blades of cereals,IT99 and timothy
grass,^1 are rich in the complettin C. Even richer than orange
juice are spinach,83* lucerne, 83X> IO53 and, above all, clover.^1* IO53
Onions are said to be very rich in C, and in the raw state
(like potatoes) are reported to be most valuable for the cure
of scurvy.IO25» Io66 Even when boiled, potatoes contain enough
C to prevent scurvy.56> 105 Beetroots 9l8 and carrots I05> 9l8

can cure scurvy, and can prevent it I05; and both the alco-
holic 391 and the aqueous extract of carrots Io66 possess this
power in a high degree. Among root crops, ripe turnips are
especially rich in complettin C 9l8> 1057—almost as rich as
oranges. But the complettin C in turnips seems to be less
affected by storage and less thermolabile than the same
complettin in oranges.I3CI5

According to British physicians,1066 fresh meat and raw
meat juice were found extremely effective against scurvy.
If this be so, either the amount of C in meat must be very
variable, or else there must have been given in addition to
flesh-meat some such organ as the liver (which is especially
rich in C)—for, according to Dutcher, Pierson, and Biester,Il84
muscular tissue contains very little C. But the British doctors
gave, in addition to the meat, not only milk, and oranges,
lemons, etc., but also the before-mentioned salad made of
raw potatoes and onions with malt vinegar. We need not,
therefore, attach much importance to the supposed effect
of the meat. On the other hand, we know that polar explorers
(Amundsen, for instance, in the South Polar region), though
their diet has consisted mainly of biscuit, chocolate, and
meat dried in the cold, or tinned meat, have been able by
the occasional consumption of fresh seal meat to keep the
dreaded scurvy at bay. We must either assume, with Dutcher,
that the flesh of sea mammals contains more C than that
of land mammals; or else we must suppose that the polar
explorers ate such large amounts of the fresh seal meat that
they obtained enough complettin despite the small proportion
of it in muscular tissue.

It is not surprising that green, unripe beans should be
found to be rich in C,9l8 and to be curative in scurvy, for in
this stage of development they must be regarded rather as
vegetative than as reproductive organs ; but very remarkable
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indeed is the report of Hess,49* that ripe cotton seeds can
prevent scurvy. For we know that wheat,^ barley,749, 885
oa ts , 1 ^ , 5*7,577, 749, 750,841, 885 and s o y beans,749, 831 cereals in
genera l /5 , 816,693 see^s ^ general ,1^, 203 bread,64, 65, 186, ios5

and the brans of the cereals,885,969 are so poor in C that they
have always proved inadequate. We have learned that hay
contains too little C. Its poorness in this respect may either
be due to storage ; or, more probably, to the ripening process,
for Rossi 741 states that dried green grass, as a supplement to
an oats diet, can prevent scurvy in guineapigs.

Opinions differ concerning the value of cow's milk as an
antiscorbutic. According to Fr6lich,IO7 Hopkins,267 Barnes
and Hume, 969 and Willcox,106* fairly small quantities of milk
suffice to ward off scurvy; but according to Cohen and
Mendel,749 Osborne and Mendel,7379, 831, 1131 Chick, Hume, and
Skelton,689 and Wollman,89* fresh milk contains but little C,
its richness being stated by Chick, Hume, and Skelton to be
less than one-hundredth of that of orange juice. Heim 533
witnessed the onset of scurvy in adult guineapigs on an
exclusive milk diet. Pitz *93 feeding guineapigs on oats, was
not able to prevent the outbreak of scurvy by supplementing
the oats with a fairly abundant ration of milk*

6. Natural Variations in G Content.
Apart from the varying resistance of the experimental

animals, the contradictions in the before-mentioned reports
are readily explained by the consideration that the C content
of the different fodders and other nutrients may vary con-
siderably at different times. In such substances as hay,
which is among the nutrients that stand on the borderline
between adequacy and inadequacy, the variations may make
the nutrient inadequate at one time whereas at another time
it may contain a fairly liberal supply of C. More especially
does this consideration apply to milk. The animal organism
is just as incompetent to synthetise the antiscorbutic com-
plettin as to manufacture the other complettins for itself;
it is entirely dependent upon the supply of C in the food.1026. I299
According as the food contains more C or less, the animal
organism will possess a larger or a smaller amount of C. It
is true that the mainmary glands have the power in the case
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of C that they have in the case of the other three complettins
and in the case of the different proteins and inorganic salts.
When C is sparsely supplied in the food, the quantities that
are circulating in the maternal organism are commandeered
for the milk. But such a process has inexorable limits, and
we have seen that in the case of the growth-complettin B,
and still more in that of the fat-soluble growth-complettin,
when they are persistently lacking in the diet of a lactating
animal, the milk, though otherwise normal in composition,
may be deficient in these complettins. Manifestly the com-
plettins are of such vital importance to the maternal
organism, that the commandeering process by the mammary
glands cannot go beyond a certain point. As regards inorganic
salts, the self-sacrifice of the maternal organism may proceed
to such a pitch that grave diseases (osteoporosis, for instance)
may ensue. In the case of the three main classes of nutrients
—proteins, fats, and carbohydrates—the maternal self-abnega-
tion may result in severe signs of malnutrition appearing in
the mother at a time when the milk, though certainly restricted
in quantity, still contains the normal proportions of the three
main nutrients. But as regards the complettins, matters do
not go so far as this. When studying beriberi we learned
that sucklings may become affected with beriberi at a tine
when the mother still appears healthy, for her milk is
deficient in vitamin. The secretion of milk containing no
growth-complettin would be an absurdity, and when the
supply of this complettin runs short, the quantity of the
secretion is reduced; but the proportion of A in the milk
may fall off to such an extent that growth is inadequate and
the offspring become rachitic or are affected with xerophthal-
mia. It would seem that the C content of the milk can be
even more readily reduced. To express the matter in another
way, C is so important to the life of the mother, and conse-
quently to the life of the offspring, that the maternal need
has the first claim. That is why according to Ingier 387,405
when gravid guineapigs are fed on a diet deficient in C, the
foetuses become affected within ten to twelve days with typical
infantile scurvy. When the gravid guineapigs have been
properly fed until near the time of delivery, a suddeii transition
to a scorbutogenic diet does not affect the foetuses, which
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are normal at birth; but the milk is inadequate, and the
offspring speedily become affected with scurvy. Pregnant
animals put upon a scorbutogenic diet fall ill with scurvy
more rapidly than non-gravid animals, and frequently die
of the disease before delivery.

These considerations explain the facts observed by
FigueiraIO46 and by Dalyell and Still,IO55 who noted that
infants at the breast may become affected with scurvy although
the mother appears perfectly healthy.

As regards the C content of cow's milk in particular,
Barnes and Hume 9*9 were the first to point out that the varia-
tions in the complettin content are subject to seasonal changes.
The C content is highest from May to July, and lowest during
the winter months. Hart, Steenbock, and EHis,x*33 Hess,IO55
and Dutcher and his collaborators, m* likewise refer to this
dependence of the richness of milk in C upon the seasons,
and they regard the varying amount of C in the fodder as
the essential cause of these changes. In spring and summer,
when plants are in the most vigorous phase of their develop-
ment, they contain comparatively large quantities of C; on
the other hand, the ripening of hay is attended by a gradual
decline in the amount of C it contains, which may be reduced
to an inadequate proportion.

It is owing to this scanty supply of C in the milk that
bottle-fed infants sometimes become affected with scurvy.
Of course the customary practice of diluting cow's milk for
the hand-feeding of infants lowers the percentage of C in the
food to a dangerous extent, seeing that the C content of cow's
milk is already low in many cases.737

Eggs contrast with milk as the first nutrient of a growing
organism, in that they appear to contain very little C,83*
and certainly cannot cure scurvy.75<> In this poverty, they
resemble seeds.

Fresh yeast S&, 737 is far more active than milk; but the
autolysis of yeast destroys the complettin C,49* though it
has no effect upon vitamin and the growth-complettin.

c. Effect of Germination upon the C Content of Seeds,
We have already learned that seeds, which in the quiescent

state contain so little C that they have no antiscorbutic
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influence, develop large quantities of this complettin during
germination. Consequently, an exclusive diet of germinated
seeds is not scorbutogenic; and a supplement of germinated
seeds to a scorbutogenic diet has prophylactic and curative
effects.102* l87> 203, 267, 735, 749, 841, 918, 972, 1057, 1066, 1118 i n con-
formity with this we find that malt extracts, and especially
the fresh watery extract of green malt, have antiscorbutic
qualities.533 The antiscorbutic substance in germinated seeds
is not in the cotyledons, and still less in the primary rootlets ;
it is mainly found in the leaves, and the process of germination
per se does not increase the C content of the seed. The anti-
scorbutic powers of germinated seeds is not fully developed
until after the lapse of three days or more, when the formation
of the first leaves has begun.734 For this reason, the actual
germ is inadequate in respect of C content, 491 whereas the
leaves of the germinated seed are more effective than the
entire germinated plant. If we wish to use the aggregate
germinated seeds as a prophylactic nutrient, it is best to wait
until the leaves have grown to a length of from half to three-
quarters of an inch.^1 When germinated seeds have been
dried, they no longer contain the antiscorbutic complettin. 93, ifi7

4. PROPERTIES OF THE COMPLETTIN C.

It follows from the foregoing that the complettin C must
be soluble in water. According to Hess and Unger,75r and
according to Harden and Zilva,794 it is soluble in alcohol that
is not too strong, and is therefore retained in the alcoholic
solution when the fruit acids are precipitated from fruit juices
by means of calcium carbonate and alcohol. Like the com-
plettins previously considered, C has a fairly high power of
resisting even strong mineral acids,536 and a moderately acid
reaction of the medium definitely favours the durability of
the complettin 756; but C is rather sensitive to alkalies. 53̂
However, as in the case of the growth-complettin B, the
destructive effect of alkali is not immediately manifest, and
complete destruction is not achieved for a considerable time.899
The complettin C is not entangled in precipitates and carried
down with them; and it cannot be removed from orange
juice, for instance, by alumina or by a Chamberland filter.688

In the preparation of Osborne and Mendel's protein-free milk,
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C is retained by the milk, which does not lose any of its anti-
scorbutic power.737 Like the fat-soluble cornplettin A, the
water-soluble complettin C is sensitive to oxidising agents. 1O55
TMs doubtless is the main reason why the storage of dried
nutrients originally rich in C leads, even when the drying
process has been carried out with the utmost care, to a rather
rapid disappearance of the C content. From a further study
of this matter we learn that dried vegetables suffer less from
storage as regards their C content in proportion to the dryness
of the air;

I3»4 so that the storage is best effected in the presence
of phosphorus pentoxide. It is remarkable that Hoist and
Frolich :3°4 have failed to draw the obvious conclusion as
regards the mechanism of this reaction, which has an important
bearing on our knowledge of the complettin : in the presence
of air, the dried green vegetable substance has a catalytic
action upon the aqueous vapour the air contains, leading to
t ie formation of hydrogen peroxide, and this latter, which
exerts an oxidising influence upon the complettin, destroys
its characteristic antiscorbutic quality.

Reports vary concerning the thermostability of the anti-
scorbutic complettin. Hoist and Frolich inform us that the
boiling of cabbage, carrots, dandelion, and potatoes, reduces
their prophylactic powerl8*; and according to the same
authorities 305 and also according to Plirnmer,I]c59 expressed
cabbage juice is rendered inactive by boiling. Frolich I07, 204
found that raw milk in small doses did not prevent guineapigs
from becoming affected with scurvy, but was able to cure
the disease ; this curative influence is greatly reduced when
the milk has been heated to 980 C, and completely disappears
after ten minutes' boiling at 100 ° C. I think, however, that
the last statement must be an exaggeration, for the experi-
ments of Nobel *3*6 have shown that, even after one hour's
boiling, milk contains considerable amounts of C, so that a
double or treble quantity will cure infantile scurvy. According
to Barnes and Hume,^ milk still retains after boiling the
power of protecting children against scurvy, provided only
that the boiling has not been long continued and that after
boiling the milk has been rapidly cooled.

According to Delf,8°6 the antiscorbutic power of white
cabbage is injured by heating; and she tells us IIJ5 that the
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juice of green cabbage has its efficacy as an antiscorbutic
notably reduced by twenty minutes' boiling, while by an
hour's boiling about five-sixths of the antiscorbutic complettin
are destroyed. In turnips, the C is more resistant to
boiling,IXI5 which seems easy to explain by the consideration
that the heat cannot so readily make its way into the interior
of the masses. The antiscorbutic qualities of germinating
seeds are largely destroyed by boiling.9l8 Exposure for from
one to three hours to a temperature of 1200 C. destroys the
antiscorbutic faculty of all nutrients. There is general agree-
ment that prolonged heating at a moderate temperature is
far more noxious than brief exposure to a high temperature.1066

This makes it obvious why the pasteurisation of milk
greatly reduces the C content of this nutrient^11 and why
infants and children fed on pasteurised milk are so apt to
suffer from scurvy.800* m 2 Of course in the process of condensa-
tion, the antiscorbutic qualities of milk are gravely impaired.901

In young monkeys, a diet of condensed milk induces infantile
scurvy *", *49; and in adult monkeys,211 and also in guinea-
pigs 885 it induces typical scurvy. Since the complettin C is
sensitive to alkalies, we can readily understand that it is
completely destroyed when milk is sterilised after the addition
of sodium citrate, which has an alkaline reaction. I389 Gener-
ally speaking, the sterilisation of nutrients impairs their
antiscorbutic power, being more injurious in proportion to
the height of the temperature. 74*> 1025 Tinned meat and
tinned milk are therefore invariably scorbntogenic "94; but
vegetables with an acid reaction may still retain considerable
antiscorbutic powers after cautious sterilisation.899> "94

Since prolonged heating is in any case injurious, it is
obvious that the drying of nutrients at a raised temperature
must be extremely disadvantageous. Hoist and Frolich186

report that the drying of cabbage, carrots, and dandelion
greatly impairs their antiscorbutic qualities ; such efficacy as
is retained by dried cabbage 749 is still preserved after brief
heating at ioo° C, but is completely destroyed at n o ° C.*5

Dried potatoes are likewise inadequate.65 Givens and
McClugage "48 have made a thorough study of the efiect of
drying potatoes. They found that finely minced raw potatoes
could be boiled for fifteen minutes without ill-effect, but that
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their antiscorbutic efficacy was considerably impaired by
one hour's boiling. The boiling is better borne when the
water contains 0-5 % of citric acid. Potatoes dried in vacuo
at a temperature ranging from 45 ° to 60 ° C. lost much of their
efficacy ; and the greater part of the complettin was destroyed
by drying in an air current for from six to eight hours at a
temperature ranging from 350 to 400 C.; subsequent brief
boiling reduced the complettin content still further. Equally
bad was the effect of drying for from four to six hours in an
air current at a temperature ranging from 55° to 6o° C.;
drying for from two to three hours at a temperature ranging
from 750 to 8o° C. destroyed almost all the complettin C.
Preliminary treatment of the potatoes with 2 % acetic acid or
0-2 % hydrochloric acid for from eighteen to twenty hours
before drying, had no influence. Four minutes' steaming of
the minced potatoes before drying at a temperature ranging
from 550 to 6o° C. destroyed most of the complettin, and a
subsequent brief boiling destroyed what was left. Potatoes
baked in their skins for from forty-five to fifty-five minutes at
a temperature of 2040 C, then skinned, and dried at a tempera-
ture ranging from 450 to 50°C, could still prevent scurvy;
the skins of the baked potatoes no longer contained any
complettin. These authorities infer that the destructive
effect of the drying must be partly due to the influence of a
ferment, seeing that less C is destroyed in proportion as the
heating process is a rapid one. Here it is impossible to follow
them, for were their reasoning correct, the preliminary treat-
ment with steam should have given the best results, whereas
this proved extremely destructive to the antiscorbutic powers
of the potatoes. Though it was found that baked potatoes
were still comparatively efficient as an antiscorbutic, we
must not assume that this was because the heat was greater,
and that the alleged ferment was thereby more rapidly
destroyed, for the substance of potatoes has a low conductivity
to heat, and within the time allowed for the baking the
temperature in the interior of the tubers cannot have risen very
high. Still, there may be something in Givens and McClugage's
theory after all, for Delf and Skelton 8o7 state that cabbage does
not forfeit its antiscorbutic virtues so completely on drying
when, as a preliminary, it hats been dipped in boiling water.
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According to Givens and Cohen,754 in cabbage and potatoes
C bears a quick but careful drying so well that the dried
product is still effective as an antiscorbutic; but prolonged
drying, especially at a considerable heat, completely destroys
the complettin. From tomatoes, according to Givens and
McClugage,838 a dried product that is still effectively anti-
scorbutic can be prepared.

Owing to the acidity of lemon juice, the C in this juice
will bear an hour's heating at ioo° C.I05; and in the case of
orange juice II09 and lime juice,XI77 cautious evaporation to
the consistency of a syrup does not impair the activity. Basset-
Smith I249 was able to prepare a very active dried product
by boiling fresh lemon juice for five minutes, cooling, and
condensing in vacuo at an ordinary temperature to a specific
weight of i • 3 ; he thus secured a strongly acid viscous fluid
which could be made into tablets with lactose, or some similar
vehicle. Hawk, Fishback, and Bergeim IO58 were able to
secure an active dried product from orange juice by evaporating
it to dryness in vacuo at an ordinary temperature. According
to Harden and Zilva,794, etc. the precipitation of the fruit
acids with calcium carbonate and alcohol does not impair
the antiscorbutic efficacy of lemon juice, but the juice now
rendered neutral is injured by subsequent preservation for
fourteen days at an ordinary temperature, and is injured still
more by evaporation in vacuo at a temperature ranging from
300 to 400 C. The untreated juice bears such concentration
very well, and so does the juice after precipitation of the
acids if it be at once weakly acidulated with citric acid.

Delf,JII5 who has made an exhaustive study of this ques-
tion, finds that orange juice in its natural state of acidity
can well bear heating for an hour at a temperature ranging
from 700 to ioo° C, and that even after the juice has been
heated for an hour at 1300 C. it is merely necessary to double
the prophylactic dose. In orange juice the thermostability
of the complettin is therefore twice as great as in expressed
turnip juice. But even when the acidity of the orange juice
has been reduced to correspond with the low acidity of the
expressed turnip juice, the thermostability of the C in the
former is still retained, and it is therefore not due to the
strongly acid reaction of the juice. Orange juice that had
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been heated in sealed tins for from twenty to thirty minutes
at a temperature ranging from 8o° to ioo° C. was found to
be still fully effective as an antiscorbutic after five months.

Nevertheless, it seems undesirable to trust to the anti-
scorbutic efficacy of stored products. The antiscorbutic
power of expressed cabbage juice,I05 lemon juice,794, *>66 and
orange juicers1 seems to disappear in consequence of prolonged
storage. Perhaps the cause of this degradation is not so
much a primary instability of the complettin as its sensitive-
ness to the oxidising influence of the atmosphere. This, we
may presume, explains Delf and Skelton's observation,8o7
that the storage of dried cabbage for from two to three weeks
reduced its C content by about nine-tenths, and that three
months' storage ^completely destroyed its antiscorbutic
efficacy.

The complettin seems to be peculiarly unstable in germin-
ated seeds. I have more than once mentioned that in these
C is destroyed by brief boiling. Drying also destroys it com-
pletely. I02» Il66> J345 The soaking of other dried vegetables
appears to be very injurious to the C they contain.I]C99

Barnes and Hume state that the drying of milk reduces
its antiscorbutic efficacy to about two-fifths of the original.
But the extent to which this reduction takes place varies
with the method of desiccation, for Hess and Unger &99 report
that milk transformed into an absolutely dry powder within
a few seconds at a temperature of 1160 C. by the Just-Hatmaker
process was still fully efficient. In Germany, similar results
have been secured by the use of the Zetror apparatus of the
Benno-Schilde Company. Especially valuable, from this
point of view, is the Krause method of producing dried milk,
which from the descriptions would seem to be identical with
the American.

According to Hess and Unger^s1 the most actively anti-
scorbutic vegetables lose their efficacy on drying. Erich
Miiller *°o refers the outbreak of scurvy in the Rummelsburg
orphanage to the use of milk that had been twice pasteurised
and to the use of the dried vegetables of commerce. The
latter were especially deleterious thanks to their having been
bleached before drying, and having thus lost their excess of
bases. A cure ensued upon the giving of milk that had only
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been once pasteurised, together with fresh vegetables. [I doubt
if it can have made much difference whether the milk had been
once pasteurised or twice, seeing that a single pasteurisation
suffices to destroy the C of milk, which in any case contains
rather a small quantity of this complettin.]

Manifestly the German practice of bleaching vegetables
before preserving them, and especially before putting them
on the market in a dried state, is extremely undesirable.
Not merely do the vegetables forfeit their excess of bases;
but since the complettins C and B and the antineuritic D
are all readily soluble in water, they are dissolved out in the
first boiling.8^* 1087, 1278

5. COMPOSITION OF THE ANTISCORBUTIC
COMPLETTIN C.

A chemist may be forgiven for inability to refrain from
acting after his kind, and for the involuntary attempt to
draw, from the available data, conclusions as to the composition
even of substances that have not yet been isolated ! The
behaviour of the complettin C is so characteristic that we
can, in fact, with some degree of certitude predict at least
one peculiarity of its composition. First of all, this complettin
is thermolabUe. We know of a large number of chemical
changes which ensue when the substances are warmed. Let
me mention a few of them. Ketones and aldehydes can
undergo transformation into the corresponding enol forms.
Alcohols containing several hydroxyl groups in at least a
y relationship to one another, or oxi-acids in which hydroxyl
and carboxyl are separated from one another in like manner
by at least two carbon atoms, and similar amino-acids, can
be transformed into anhydrides with the splitting off of water
or ammonia, and cyclopoeisis. Unsaturated compounds,
especially such as contain two conjugated duplex compounds
(separated by a simple link), will, on being wanned, very
readily combine with a molecule of water, in conjunction with
the formation of simple unsaturated compounds. And so on.

The extraordinary sensitiveness of the substance to
oxidation has been repeatedly referred to. The complettin
becomes inactive when a fluid containing it is stored, and
still more when a dried nutrient containing it is stored, with
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free access of moisture and air; it is also rendered inactive
by direct oxidation, as for example by the action of hydrogen
peroxide. This fact, too, justifies certain conclusions as to
its composition. One possibility is that it contains readily
oxidisable molecular groupings like those of the ketones or
the aldehydes. Another possibility is that of duplex combina-
tions, which are sometimes readily oxidisable. Especially
sensitive in this respect are, once more, the conjugated duplex
compounds, which undergo transformation into dioxy-
compounds under the influence of mere traces of hydrogen per-
oxide, thus : R . CH : CH . CH : CH . R' + HO . OH ==

R. CH2. CH(OH): CH(OH). CH2. R'.
It is characteristic of such conjugated compounds that

when stored for a long time in the presence of moisture and
air, and rapidly when the temperature is fairly high, they
take to themselves traces of hydrogen peroxide formed in
the aqueous vapour, and thus by degrees are transformed
into an entirely new substance. The process is favoured
when the body under consideration can itself play the part
of a catalase (as so often happens with the terpene deriva-
tives), or when other oxygen conveyers are found in the
mixture. This state of affairs obtains in plants, and in the
majority of fresh animal tissues ; in both cases there is present
more or less catalase; furthermore, animal tissues contain
haemoglobin, and vegetable tissues contain chlorophyll, both
of which are oxygen conveyers.

We have already seen that by rapid heating at a high
temperature and subsequent drying at a low temperature,
the keeping qualities of the product are favourably affected ;
and we have drawn the conclusion that an enzyme may
perhaps contribute to the decomposition of the complettin
in the dried preparation. We have learned that prolonged
heating at a comparatively low temperature ranging from
300 to 400 C. is more injurious to the integrity of C than boiling
it for as long as an hour. We know, moreover, that the sub-
stance is extremely sensitive to the action of the oxygen of
the air, but that this sensitiveness is much less marked when
the air is perfectly dry.I3°4 From all these considerations we
are inclined to draw the conclusion that the complettin 0 is
probably a conjugated duplex compound. Furthermore, the
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idea is supported by the fact that the substance is rendered
inactive by temperatures over n o 0 C, for at high temperatures
many dien compounds are converted into monin compounds.
( - C H = C H - C H = C H 2 - becomes - CH2 - C = C —
CH2 - - ) . The behaviour of the substance when exposed to
ultraviolet light confirms the idea. When ultraviolet light
acts on damp air-containing substances, hydrogen peroxide
is formed, and this is fairly stable in weakly acid solutions,
whereas it is extremely unstable in alkaline solutions. Zilva 9^
tells us that ultraviolet light in weakly acid or in neutral
solutions has very little influence upon the antiscorbutic
complettin, but speedily renders the complettin inactive
when the solution is weakly alkaline.

Of course these hypotheses do not exclude the possibility
that the substance may also contain other unsaturated groups
which may lose their activity in some other fashion through
the operation of heat.

Beyond this, we have nothing positive to say regarding
the nature of the antiscorbutic complettin. Delf8o6 has
suggested that we may have to do with a special enzyme,
seeing that it is sensitive to temperatures which denature the
proteins. But outside the living body, it is just as sensitive
to the much lesser heat which is the optimal temperature for
warm-blooded animals, and we are therefore led to infer that
the process whereby it is rendered inactive when heated must
be of a different nature. Fiirst l87, 203 declared a good many
years ago that this complettin could not be indentical with
any of the familiar forms of proteins, fats, carbohydrates,
salts, or enzymes.

Funk2O5 seems to have been inclined at the outset to
believe that C was identical with his vitamin, and Freise 391

regarded it as at least akin to the vitamins. This theory was
to some extent supported by the frequency with which beriberi
is complicated with scurvy,Il65 and also by the fact that in
preparing the vitamins small quantities of C are precipitated
with these. Subsequent investigation has, however, shown
beyond a doubt that we have no justification for assuming
the identity of the two classes of complettins, for they differ
extensively in respect both of chemical properties and of
physiological effects.
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The non-identity of C with the fat-soluble complettin A
has been established by a large number of investigations.491* 75°»
751. 754, 805, 831, 1194 So has its non-identity with B.491* IIl6»
1153, 1194

At this juncture, therefore, we can say nothing definite
as to the nature of the antiscorbutic complettin.

6. THE PHYSIOLOGICAL CONSEQUENCES OF
C DEFICIENCY.

a. Clinical Picture.

Thus when there is a lack of C in the diet, a characteristic
illness arises, the disease known as scurvy. In minor cases,
those running a subacute or chronic course, scurvy is often
confounded with other disorders; for example, many slight
cases of infantile scurvy are mistaken for rickets. The
symptoms of the initial stage are anaemic and cachectic
manifestations, such as loss of weight, fatigue, drowsiness,
disinclination and incapacity for work, mental depression,
peevishness, etc. The emaciation makes rapid progress, and
at the same time the skin becomes pale, flaccid, and remarkably
dry. There are pains in the joints, especially in those of the
lower extremities. In this stage the disease may remain
arrested for a considerable period; and since in children
during the phase of growth there occur in scurvy disturbances
in the normal process of bone formation, it is not surprising
that the illness should be confounded with incipient rickets.
But even in this early stage there are pathognomonic symp-
toms in the form of haemorrhagic manifestations, which in
subacute and chronic cases of scurvy strongly resemble those
of purpura.

In typical attacks, after about a fortnight the signs of
the haemorrhagic diathesis become conspicuous, there being
in most cases a characteristic affection of the gums. These
become bluish at the edges, and are greatly swollen, so as to
project around and between the teeth. The tumefied gums
are extremely sensitive, bleed at the slightest touch, and
soon begin to ulcerate. As the swelling increases, the gums
become necrotic, and assume a whitish or a brownish-black
tint here and there, the ulcers being coated with evil-smelling
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greyish-white masses. The teeth are loosened and decayed;
mastication is impossible; the breath is horribly foetid.
Whereas in purpura, the haemorrhages begin in tin? subcuta-
neous tissue, and only extends by degrees to the gums and
the rest of the buccal mucous membrane, in scurvy they are
concentrated around the teeth and around neglected roots,
so that the observer has the impression that the trouble starts
from the teeth. Apart from the affection of the gums, the
signs in the mouth are merely those of slight stomatitis with
moderate swelling and a little bleeding. In severe cases there
ensue, to the accompaniment of moderate febrile manifesta-
tions, other haemorrhagic symptoms, such as purpuric patches
on the skin, intermixed with lichenoid or herpctiform eruptions,
large ecchymoses, and also non-haemorrhagic bullae. In
contradistinction to purpura, the eruptions in scurvy have a
strong tendency towards ulceration, the ulcers being large
and sluggish ; sometimes they are very deep, and when they
are situated in the flexures of the joints they are apt to lead
to contractures should the patient recover and cicatrisation
occur. Haemorrhages may occur in various other parts;
when they are superficial, they are prone to suppurate, are
extremely painful, and are often attended with considerable
irregular pyrexia. Should there be any prt:existent scars in
the bones (the seats of old fractures) these are apt to soften.
In many cases, the articular ends of the hamm and the
cartilages of the joints become diseased and the synovial
membranes grow dry, and these changes may lead to permanent
stiffness of the joints. The bone affections may even result
in the complete separation of epiphyses. Sometimes, gener-
ally as an early symptom, there may be severe haemorrhages
from the mucous membranes like those that occur in haemo-
philia ; among these, epistaxis is the most common.

b. Pathological Anatomy.

The haemorrhagic symptoms are not difficult to explain
on the supposition of a change in the walls of the capillaries,
perhaps accompanied (as in haemophilia) by a disturbance of
the process of coagulation of the blood. On the other hand,
there is as yet no explanation of the characteristic affections
of the bones, which enable us after the lapse of thousands of
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years to ascertain from an examination of the skeleton that
the person to whom i t belonged had died of scurvy, or else
had recovered from a severe attack of the disease. There are
no other organic changes of a specific nature. The atrophy
of the glands and the general emaciation, do not differ in any
way from what we see in other grave disorders of nutrition;
and we may assume t h a t they arise because a scorbutogenic
diet is usually poor in B as well as in C, so that they are not
in any way peculiar t o C deficiency. Furthermore, though
oedema is common in scurvy, it is common in all the deficiency
diseases, and is therefore nowise characteristic of a lack of
the antiscorbutic complettin.

Owing to the atrophy of the glands, there is an arrest of
the digestive secretions. In severe cases, there is complete
achylia, and the salivary secretion is greatly diminished,
having usually a strongly acid reaction.6^ These secretory
disturbances naturally favour the onset of gastro-intestinal
disorders as complications. On the other hand, everything
which makes a special claim on the bodily activities, predis-
poses to the disease, and this statement especially applies to
intestinal disorders,1066 a deficiency of the food in calories,
febrile disorders,100? a n d vigorous growth.Io87> "78 As in the
case of the other deficiency diseases, the adrenals are excep-
tions to the general rule of glandular atrophy, for they undergo
hypertrophy, while also exhibiting a partial fatty degeneration,
especially of the cortical layers.n77, ™>*

Except for the reduction in the number of erythrocytes
which is characteristic of the haemorrhagic diathesis and especi-
ally of its haemophiliac forms, changes in the blood are not
conspicuous. There is, indeed, almost invariably a decline
in haemoglobin richness,I242 such as is usual in anaemic states ;
and there is an increase in the urea.577 Although the resistance
of the organism to infections is so greatly reduced, the C
deficiency does not lead to any changes in the serological
constants of the blood. 9*7, »»

As regards metabolism, the nitrogenous balance is usually
negative, and, in acute cases at least, there is retention of
phosphorus and calcium—but these manifestations are not
especially characteristic of C deficiency. All the patients,
at any rate in the early stages, and as long as the mental
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debility has not become excessive, exhibit a vigorous craving
for fresh nutrients, whether meat, milk, fruit, or vegetables.I009
McClendon XI29 is certainly right when he insists that in a
state of nature this craving must be one of great survival
value for men and animals. Among the American soldiers in
the trenches, when their rations were restricted to chocolate,
eggs, dried milk, and sugar, worked up into a sort of biscuit,
he noted that this craving became overpowering within two
or three days, and led them to refuse their rations.

The need for the antiscorbutic complettin varies greatly
in different species of animals. Prairie dogs X3o° and rats have
a very low requirement, and can live for long periods on a
diet containing no C; on the other hand, some of the other
rodents (rabbits and guineapigs, for instance) are extremely
sensitive to a lack of C in the diet. Characteristic in this
respect is the fact recorded by Harden and Zilva II05 that for
a guineapig weighing a few hundred grammes the same
prophylactic dose of C is requisite as for a monkey weighing
two or three kilogrammes. Furthermore it would seem that
young animals of the same species vary in their requirements,
and this has led some authorities to formulate the hypothesis
that at birth animals must bring with them from their mother
varying stores of C, the difference between one litter and another
depending upon the supply of C to the mother during pregnancy.

c. Reciprocal Relationships between G and inorganic
Substances,

Our account of this matter would be incomplete unless
we drew attention to the fact that the full ef&cacy of C cannot
be developed unless the diet contains inorganic salts in suit-
able proportions. Hoist and Frolich 65 state that calcium salts
are useless in scurvy unless C be also supplied, but that a lack
of calcium interferes with the rapid and effective action of C.

There can be no doubt that the onset of scurvy is facilitated
by the circumstance that most of the nutrients which prove
to be scorbutogenic are deficient in inorganic bases as well
as in C. When Fiirst102 says that nutrients whose ash is
alkaline can also give rise to scurvy, an error underlies this
assumption that the inorganic bases are of no value in nutri-
tion. All the ash analyses quoted by Fiirst are fallacious,
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for recent investigations have shown that the nutrients (peas,
lentils, and almonds) to which he refers, contain an excess of
acids, this excess being especially marked in the pulses. On
the other hand, we have a report from Funk 5*7 to the effect
that in certain cases of scurvy the administration of sodium
bicarbonate has proved useful. Some of the features of the
pathological anatomy of this disease, especially the bone
disorders and the oedema, indicate that acidosis must play
a part in its production.

Florence IX56 has published a speculative paper in which
he contends that a lack of sulphur may perhaps play a part
in the causation of scurvy and infantile scurvy. Although
this writer has not done any experimental work in order to
corroborate his theory, there may be some truth in it, for
many of the scorbutogenic nutrients, and the cereals in
especial, contain inadequate quantities of cystein; others,
such as meat, part with some of their sulphur when strongly
heated, and thus become inadequate in this respect. Perhaps
such a lack may in part explain the malnutrition.

d. Forms of Purpura in relation to C Deficiency.
The various forms of purpura, and especially purpura

simplex, are to-day regarded by physiologists as the outcome
of chronic malnutrition due to C deficiency. This theory is
confirmed by the fact that the most successful treatment of
purpura simplex is dietetic. Although serum, gelatine, and
calcium salts, are sometimes given by injection in the hope
of increasing the coagulability of the blood, the value of
these remedies is much disputed. As regards diet, lemons
and other raw fruits, salads, and green vegetables, are found
to be the most useful nutrients. In purpura simplex a cure
can be effected by these means without confining the patient
to bed, but absolute rest in bed is essential in the graver forms
of purpura haemorrhagica if extensive extravasations are to
be avoided.

6. MODE OF ACTION OF THE ANTISCORBUTIC
COMPLETTIN.

No definite opinion can as yet be uttered regarding the
mode of action of C in the animal organism. In scurvy, as
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in most of the* deficiency di-M-asrs, there is probably a complex
of causes at work ; f«»r instance., the peculiar " fragility " of
the tissues upon wliicrli the liability to haemorrhages depends
is probably favoured by aritlusis. But the latter cannot be
the main cause of the disease, for, as w«* have repeatedly had
occasion to note, scurvy may arisu when the diet is rich in
bases.

The bone diseases characteristic* of srtirvy bear a certain
resemblance to those whith ocrnr as a M'ljnrJ of A deficiency.
The similarity is, however, very Miprrficiai; and the two
complcttins, A and Ct are sharply dintingui hvt\ on«- from the
other, esjwrdally by their behaviour towards alkalies. We
might rather be inclined to look upm acido^is ;i.s the catise of
the bone disorders, but we have seen that acidusis cannot be
regarded as the main factor of snirvy.

The negative nitrogenous balance, tlie uktrrs, etc., might
be ascribr*d to a deficiency f*f the growth rnmplettin B. but
we have already learned that thin cample!tin k not always
lacking in seorlmtogerik diet1-*.

We have, then* tn do with a rharaeteristic syndrome
dependent uj>on a tlffic-iency r*f an unknown sutistttncc or
class of sulistanrej* to which we Rivtr t\w tt,mu* of the tompicttin
C, But it remains diibioiin whether all thr phenomena of
scurvy can as yet be cuin|iriM?d under a unified outlook.



CHAPTER EIGHT

MALNUTRITIONAL OEDEMA

i. CLINICAL PICTURE.

I N the accounts of the deficiency diseases previously considered,
oedema has frequently been noted as a complication, and we
have seen that in certain circumstances it may attain such
proportions as to dominate the clinical picture. This happens,
for instance, in the case of wet beriberi. I have, however,
been careful to point out that the oedema was no more than
accessory, and was not an essential feature of the disease.
There are, however, many facts to indicate that oedema may
occur from defective nutrition as a primary disorder. In
France, and still more in Central Europe, during the war
malnutritional oedema came to be recognised as one of the
consequences of wartime feeding, and has now to be described
as an independent clinical entity. We shall find that experi-
ence gained in the study of the other acomplettinoses will be
of considerable value in this connexion; and, on the other
hand, that an accurate study of malnutritional oedema will
throw light on the etiology of the other acomplettinoses.

Apart from local oedema, due to local causes or to such
nervous disorders as hysteria, it has been customary to recog-
nise three varieties of oedema, dropsy, or anasarca, which
often pass into one another, though in isolated cases they may
appear to constitute distinct types. First of all there is renal
oedema, due to the blocking of the uriniferous tubules in
consequence of ^generative changes in the kidney tissues,
or in exceptional cases to grosser mechanical obstructions
such as those caused by renal calculi. Secondly we have the
passive oedema that arises from an insufficiency of the arterial
walls, perhaps from organic changes in these (hyaline
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degeneration), or it may be caused by an abnormal fall in
blood-pressure. NauHifiji's passive t̂ t-clt*zia;i may he due to
a met hauirai irlax.ition of thr wall* of the bloodvessels,
especially wln-ii they art* not sulto j«-nt ly .mini by the* surround-
ing n*uvrh-\ as happru'-. to UIOM* wlm sit or stand for excessively
lonjj period** wh»ii at work in fartone-s ?>h<*ps, c#r c4fkt?s.
When passive eoiiir*-.! inn 1MS la^trd a lnn^ tini*\ it may react
tijHin the heart, whirl* lias m^jr wuik thnr*t uj*un it in the
at t t iupt t«> <Irivt* th«* M«««! thiouj^h th«* n-laxrii and dilated
vrssrls. Thus wr f*t*t a transitm» to th** third f«*nn, which is
known a* carcliar. t***drina, In tardia* wwU*uui, \\u* heart
has failed, it may hr int th r itM«.«*n just mentionrd, it may
bi* innn inborn wraknev* t*t from r o n ^ i u t a l rir acquired
tirgaiiie defrr.ts, tit it inav be a% a fMinj4ir,i!iun nr M;«JIII"1 of
other illiie.sM*s, toxat ' imas etr*. Hovvrvrr ori|*in;tttfd, cardiac
oedema is thr outt;orm* <4 a f.ulurr of rsrrijlafion.

Owing to the arrest **f the blood-'-'tiram *n pu^ivi; oedema
or cardiae ordenia* and *i\viru: to thr ju r . u ui*Tea.M* in the
content t»f the bli«wjvrv(r!'. in rnial t*rileina, the v;t.M:ular
wall^ ,snffrr# and th«-y allow v ru in to tr;ifi:.?$d*# into f hr
wu tif-'.iir\. ihiH i-xtj.tva.sitr*! JJind ;*o;timul-ai<•:•>; r
in tin* «onipar.ttivr-)y m«*n Mih«-ut;m«'otis trvM»r^, whith may
lie tints swollen bryond u-*'i*£Mti**n. but m patt. it infiltrfittrs
the ti.NMi«*H of thr tiiU*'t uit*;uri, In advant rd cw*, it atxumti*
late?4 a!v-o in thr vatiotr* bofty< .iviti*^ the joints, the peri-
t^neal ravity. the |*lrur>d *»tvitir-^ the {^itt:;irdi;d ravity, e t c

AH the Vatlrt|«'-i of UnU'iUtt Wir h.iVe «: ol)'-.tcl*-|i-irt in
With the delujenrv dls*';i'-.*-'% brlon^ to the tl4,'-H r»( the
ordi»ni;t^. In t-jcr«-j»!u#nal nMMirr% nnh\ as tn H«rvrrr canes
of berilwti or Mitrvy, tin* j»a*,*4Vr i4«}t-rna may ^»tnrwhat
sufldefitly |*a.̂ s nv«-r into r.iitlia*; *mhmn$ thu bring a Mgn
that the h«Mft h,i% l.irrcfriir ir.xh4U%tf*fi. I h e ;ijija**ir;inCi' of
curdiar, uwlem;i an thr fulmuiant fofin «4 brtiin-rt thri6(or«
Juntiftri a very gravr j>ro t̂iMHisf for d*#ath in^iy mcxtt $tl my
mimimi from heart Liilurr, Hut nialniifritjojtal cwdwna*
known in (k^niiany a/* M Htm^rrAdrm M ((unttnf drnpisy) is
of a wry different tyj^% for here thr urrlrtna takr* the form of
sm mckpendirnt diMM.scr. l*ir»t4 then, we nnmt study the
clinical iymptciin.*« and tin? patlmlMgiral rhange<i which entitle
u# to luok u|K>n tin dim^m ^ an uidcpcndcut entity.
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Numerous reports are available for this purpose, based for
the most part on the work of German investigators.

According to Jansen,684, 1061 ^ d to Burger,^, "17 apart
from the dropsical effusion in the subcutaneous tissues and
in the various organs and cavities of the body, the most
prominent symptoms are bradycardia, anaemia, and hydraemia,
polyuria and nycturia, a lowering of blood-pressure to 65 mm.
or less, hemeralopia, and a lowered temperature. Schitten-
helm and Schlecht9°9 draw special attention to the marked
slowing of the pulse during repose. In most cases, too, there
is extreme emaciation.9°a

2. PATHOLOGICAL ANATOMY.

The most notable features on post-mortem examination
are the almost complete disappearance of the fatty tissue,
even in the case of the viscera,9°9 and the atrophy of the
parenchymatous organs. IO37, »>6if 1340 i n especial the heart
and the liver are very small, and sometimes show signs of
brown atrophy. The liver and the muscles are as a rule
lacking in glycogen. Jansen stresses the atrophy of the
thyroid. The activities of the pituitary body and the adrenals
are arrested IO37» I3 l6 ; the adrenals are usually hypertrophied.
McCarrison actually declares that in oedema he has found the
adrenals thrice the usual size, but he is probably referring to
cases of beriberi.I3I5

The most notable characteristic of the blood is hydraemia.
In consequence of this, the refractive index is greatly
reduced il6> I2J7 and the specific weight is also much lowered.
The dried residue may be as little as 20 % or even 15 % of the
aggregate blood.IZI7 As a rule, the water is about 10 % above
normal, and therefore the protein concentration is reduced
both relatively and absolutely.716 On the other hand, the
residual nitrogen may be normal, or may be increased by
as much as 30 %.7l6> 9"> *°61, ial7 Feigl 7X* found in patients
strictly dieted in institutions that there was hypoglycaemia
to an average extent of 40 %, but that when the patients
were able to feed as they pleased the ratio of sugar in the
blood was extremely variable. Schittenhelm and Schlecht
found that the sugar content of the blood was usually normal,
but sometimes rose to 0-26 % 911; on the other hand, in one

18
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case Jansen found that then* was only n-u\%. Tin* fatty
acids in the blood ant considrrablv mint***!,?1* ami *•••*> r* the
aggregate fat.1*1? According to Jaiwu,"'*1 th«« uir;i t**ntrtit
is normal. The lipoid phijsphcjrits is u'«lu«'r«1.5tM- J*J? but th«
acid phosphorus is incmiM-d. 111?: li.iviwmhAtin mhnrv* of
the blood varies greatly, and ,so iluvs th«* I4*««i *•t*unt both <4
the crythrocytes and of ihv Ivncncytv><. Hi* .irrtoiiv nmtt-nt
of the blood is always somewhat itim-aMM-l.̂ '1

According to Feigl,7If> thtrr is in timst * 4 * * art tticrtsi.sc
in the krcatin richness of tht» Wuorl. at any taiv in thr «MiIy
stages of the disease, but a t!tTlin«f in th«- kt*v.itunn ruhn*-^.
In conformity with tliis In* finrl^i H» .1 fulr, ;%u i nu r i t*l
ammonia richness. Relatively, tlw U<-*- cU^h'sti'Sin in tl#t*
blood is usually increasrd, thta^h ihn*- nwv b«- ,1 «!«•«Irti*- in
the absolute quantity. (*ho!t:*t<*rui «̂ t«-r i** Jt*$m*l in abnor-
mally small quantitiirs. llwn* is ^mwUtuvi a
increase in the anumnts of %udnun <• hl^iid*-, r.i
sulphates; but there may also }»•? a f,iJl$ni.: *>li 111 fl**-
of calcium. Iron, and esjHriaUy t^hmuh ai*r v*
notably diminihhecl. {Tlitvse rrjw4i^ ar«* tn lr*4
adequate to the cnntemjHirary i4,»in«l4i#.i'» «4
analysis!]

Very little infcirniation has hr«ii jtubhOi^l fr̂ »ir<l!iif{ tine
composition of the urine irj cani-s oj jiwliinuifi^n.*! r^4r$iia.
All investigators are a r̂ei<*| that ih** »uif|ity »4 th»- um$r t.»
extremely variable, In a rrsi-arth *4 my *»wr». I hmi4 *i
great increase in the ausmnnia hrhm*v» «-4 thr urtnr {tfi^
ammoniacal nitrogen anintirttinK t« ^; p,, «4 th«* fut
with a reduction in the tir«*u nrhfu'si*, A htl!«* mrt
present. Feigl v*> also {fointr* out tliat thr tirtur y
contains kreatin.

Corresponding with Xlw atrophy of thr i;l;iiirl^ ilirrr $•* A
great falling-off in the activity <*f thrw? cir^an^ nti«i $« *-Mmm ui
long duration there may be nrhylia,*** Tht> t*x|44infi lip
frequent occurrence of g;tHtro4ntrstinal thwulzt*
cations.^* wi7* » ^ J*f7

3. PK
Generally speaking, the pragntmiJt iii (avriiifAMc, %mUm

cardiuc oodema should develop, whkh b (ollvwctl by dc**lti
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from heart failure. The first essential of treatment is rest
in bed. Next in importance comes a change of diet, but
views as to what should be the nature of this change vary
fundamentally, the variations depending on the differences of
opinion presently to be discussed concerning the dietetic
factors of the disease. Some insist that the supply of proteins
should be improved; others emphasise the importance of a
better supply of fats or carbohydrates or both. Some think
that to increase the vitamin in the diet is of no avail; others
stress the need for the provision of a sufficiency of B ; and
so on.

4. METABOLISM.

a. Nitrogenous Metabolism.

Passing to consider the; details of metabolism in this
illness, we find Nixon l558 reporting that the nitrogenous
balance is maintained. Janscn loCl and Burger »*7 found a
negative nitrogenous balance in cases where the supply of
fats and carbohydrates was inadequate, and Burger claims
to have noted a moderate decline in the protein turnover.
This last may perhaps be connected with the fact observed
by Schittcnhdm and Schlctcht?12 that in persons suffering
from nainutritional oedema the organism manifests an intense
nitrogen hunger, and that for this reason the utilisation of the
proteins in the food is comparatively effective. No notable
abnormalities have been noted in the fat or the carbohydrate
metabolism. Observers have been unanimous in recording
a markedly negative calcium balance ; and Burger also refers
to the phosphorus balance as negative.

b. Sodium-Chloride Metabolism.

An in all varieties of oedema, interest has been mainly
concentrated upon the sodium-chloride metabolism. But in
thift connexion the medical publications referring to the matter
have repeatedly displayed lamentable ignorance of long-
familiar facts concerning the way in which the various ions
act on the urinary apparatus. For more than thirty years
we have known that the sodium ion has a paralysing effect
upon the activities both of the kidneys and of the ureters*
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and attordinf* to thr mon- a^rut (though n*4 -r* V«TV n r r n t )
researches of American physiologists, thi* is r«|iiiiUy tni«- «»f
the chlorinr km. Kos<?# moreover, has p rowd by t-xprh*
ment #*i« 7° that when the organism is JWHIF in :-«««liuin rhl«»nd*\
dosage with this salt reduces the vxcrctinn of tmn«\ Tht*
discoveries of Magnus-Levy ***** havtr thrt«'fnrr «!r4i«* ii^i iti**r**
than ronftnn farts that luivr* IOUR l»**-n rst,»!4j'Jird, In my
own w r i t i n g I havr always in^i^fr*l that th«' r%<t^ii*m *4
socisufti thlr*rid<* is a sk*\v lnisiu«^s# and that in j^rrs^n4* u*ho
have* h**f*n acTU^tomrci to amount* an ahundam-r «4 f«.4nm<»u
^ilt r rnanths or y«*ar̂  **f r|»'j»rivatj<in rnnvf «-}4jf.*- VrJ.,|r ihr
stores cif smlitttn chlurid*' in th^ U*\y a i r *lfj»J«-tfd. If tihiy
therefore be* tak<*n an a matter «4 «uiif.r that whrn *̂-d*-m.-t
st*tH in in a person whnvr di*i r*»nt.imH a hJ^x.il ^t?pj*ly *•!
conn mem salt, thfR* will ahvay-* !».* a r«*trnti<>n «*f thr* '̂ .ait-
stanrtt in tht* body As a inatft-r of f*xj«*ii«*tKT, all «»!>"^rvrf*
arc? ag ra t l that in malnutfiti*inal rK^JfiiM tjj*-t«- r-- »* j**if|jti*»n
of smiitiin rhlfirid** by tin* body, and tli.it wbrts lit*- **»-<}r'in4

th«*nr is a prufusr i*xrrrtk*n «4 th«- '-"ilt. l'uf|.;rr
that wh**n the rn-rlnna wa.% ^»-it»ur in, ih r t r UMH

marked craving for Medium *-fil̂ 4id*% alth«*uf.*h ,r< itnuh ;r*
12 grammes uvr r bi-irn* ron%un^"'d d-uJy. "lii** r^j*l,iii.ifi«»n
doubtless k that dnriui: th»- omH r.»f iT3.iliiii!fitioii;iJ *r#r*lriiî #

an during that of all th<* maladif^ drj^nd^iit \^m nn ill*
balanrttl dir t , tht-r^ {(radnaliy »itî *.% a !*•« »>l rtjijwtit**,
and sometifnts a }w4tivr loathing f̂ >r f ^ ^ l . ih** j*4i?rnl
then at tempts to stiiinilatr apjwti!«* by o v n '^,iv?iii?i|* fh«?

For the rr\f# it would «;wm Out %
li.sin i^ normal during m»i1ntttritii»nfiJ f-*ntjrm.t ;

'hn and hrh1*'*ht'% ob^rv-iti^n^*1 tlwt
of the silt h '-.omewhat r«-tard«.'fJ in tht** d
to confirm thr f;i^t. Kna«-k and N r , $
a.ncl KottiHtrtn $tt|s .it** a^m-d that th** isotatrrl a«Immt.ntration
nf water dm«-i not promotf tin- tttmihn of w,it^r, ittid tlmi
the iwlatarJ ndminj^tr;it^«n nf wJmtf* rhl«ri*l** *W:% not

f! the retention of vxtium th londr ; r»nly whrn «t«}ittin
ta given in watrry v4tn$on, *kw% th<^rr ocnir a rrtun*

lion of both water m4 sodium r-hl«>ri*lr.
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5. DIETETIC FACTORS OF THE DISEASE.

a) The pathogenic Diet.
Opinions are diametrically opposed concerning the nature

of the pathogenic diet. There is hardly an assertion in respect
of this which is not disputed by some rival authority. It is
obvious that the personal bias of the various writers has played
a considerable part in dictating their respective assertions;
what one describes as an abundance is referred to by another
as a quite inadequate quantity. Most observers are agreed
in stating that the calorie content of the pathogenic diet is
too low 684, 9°*. ™i* ™58; but according to Schittenhelm and
Schlecht,9« this has not always been the case. We are often
told that the supply of protein has been too small,9°^ 91*. "96>
»*5, 1258 the daily amount ranging in these instances from
41 to 74 grammes. According to Liebers,IO79 however, the
protein content of the diet was sufficient: in peacetime the
amount of protein in the hospital diet has been 77 • 33 grammes ;
in 1916, it fell to 50-53 grammes; in 1917, it was 60-26
grammes; and in 1918, it was 71*05 grammes.

Many authorities incline to regard an excess of carbohydrates
in the diet as injurious 9°*> I3I7 ; but Jansen 684 reports a cure
by a liberal supply of carbohydrates. Others consider that
the fats in the food were deficient.91*, Io64 According to
Burger,lal7 it was not always possible to demonstrate that
the supply of inorganic salts was inadequate.

German writers in general are agreed in insisting that
there seemed to be no lack of complettins in the diet 639> 9°2»
912, IO64J 1235, **5»; whereas the British authorities refer to the
lack of accessory food factors IO37, ™s6 ; and according to
Burger lai7 the complettin content of the food was primarily
low, and the deficiency was often exaggerated by faulty
methods of preparation. KohmanIo86 and Nixon "58 stress
the disproportion between the richness of the food in water
and its lack of solid constituents. Kohman, working alone
and also in collaboration with Denton,784 saw dropsy arise
in cases in which carrots were being consumed in conjunction
with an abundance of fat or starch, but in which a cure resulted
on the administration of casein and calcium salts. The
reports of H. de WaeleIX96 and Burger 9°* contain typical
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instances of diets leading to malnutritional oedema. According
to <le Wade, in a Frrnch ahnshousi* tin* dirt comist« d of
soup and bread, or soup and potatoes, with br.in.̂  an«l fat
twice a werk. In Burger's rases, the pathname: diet was
composed of bread, vegetables, and a small quantity ui
potatoes, with a little lard, and small amounts of pi* kkxl
or salted meat.

There is general agreement that strenuous physical lut'cur
predisposes to the disease. Burgerv*>2 (see also iiV») ui*iivn
that among persons consuming the same amount of raluiir.s,
those who did the hardest work were the first to fall ill ; and
that when the supply of calories varied, the persons whose
diet was most deficient in this respect were the first to brrume
affected with the disease. AH in the ca.st« of scurvy, pn dr
tion arises from anything which increases the bodily
(hard work, very cold weather,% febrile disorders), and from
anything which tends to hinder absorption (gantiy intr 4iial
disorders).

h. Wartime Feeding,

Sporadic cases had occurred earlier hut malnutrition*!
oedenia first assumed an itpidennc pR'valentt* m Gt'iiuaity
during the summer of 1.917,im$ when tin? tliH ui th« |w*»pk
was characterised by a lack of fats, high-grade pf trie ins, j**t.v
toes, and fresh vegetables, except for kohlrabi, wht«:h wm
abundant. During the subsequent years, tin? Kt-mtAi dirt,
and especially thu diet in institutions, was still grrafly l*ii,kif?g
in fat, high-grade proteins, {xitatocs, and iw>h vrgrlablcai,
whereas cereals (which had to a considerable: extrnt U-rn
degraded in value—see abovu p, zit), kohlrabi^ MUI very
poor soup-powders or ^mp-tablets, and dried vqgrtablr*,
predominated. To complete the picture it h n^cim^aty to
mention that as a rule, and doubtless invariably in itiMitistioiw,
the boiling of the kohlrabi was exce&sive, and that the water
of the first boiling was thrown away ; alao that in the factory
preparation of dried vegetable*, the fresh vegutabitr* had
been treated with steam before drying.1*** We mit^t tmtwmUtr,
moreover, that the abundant consumption of kohlrabi tnducvd
in many instances neverc intestinal irritation, whereby the
utilisation of the food was greatly
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c. Prison Dropsy.

So-called famine dropsy or malnutritional oedema is by
no means a new disease. As long ago as 1907, Hoist 65
pointed out that, in the beginning of the nineteenth century,
dropsy was exceedingly common in the jails of Europe and
North America (see also *554), so that, among the causes of
death in prison, dropsy sometimes took the first place. Big-
land,10*? who studied malnutritional oedema among prisoners
of war in Egypt, was able to compare the disease with the
famine dropsy he had seen in India, where it has long been
known that dropsy is a common sequel of the frequently
recurring famines.

d. Ship Beriberi.

Hoist and Frdlich,65 who have studied the old reports
concerning prison dropsy, consider it to have been identical
with the so-called ship beriberi. Rumpel and Knack 571
have come to the same conclusion. Nocht,43 who is the
greatest authority on ship beriberi, gives a description of it
which assimilates it in every respect to famine dropsy. It
always runs a chronic course, and even in the comparatively
rapid cases it lasts for several weeks at least. The initial
symptoms are nausea, lost of appetite, constipation, and
general debility; then comes the characteristic oedema,
beginning in the feet and ankles, and slowly but surely spreading
upwards. Ultimately, owing to the extensive swelling and
the consequent palpitation and dyspnoea, the patients are
forced to take to their beds, and die from heart failure.
Associated symptoms in many cases are severe gastric dis-
comfort, gastralgia, and even hacmatcmcsis. Among nervous
symptom*;, hemeralopia is common, and there may be also
slight paraesthcsias in the feet and legs. True paralysis is
nire, and when it orrurs may perhaps be due to a complication
with genuine beriberi ; just as an eruption of vesicles in the
mouth, and the tendency to moderate haemorrhages, some-
times svi'.n in ship beriberi and famine dropsy, suggest a
tornplirtttion with scurvy. The only point in which ship
brrihrri resembles true beriberi is the," occurrence of paraes-
thesiftf in the former as well as the latter/but these are by



28o VITAMINS

no means characteristic*. K very one who lias to sit still for
a long time is familiar with the onset of such paraesthesias,
which may become intolerable even in healthy persons.

This description of ship beriberi seems a mere plagiarism
from the description of famine dropsy. There can be no
doubt that prison dropsy, ship beriberi, and the malnutritional
oedema of the war years and of the Indian famines, are one
and the same disease. The treatment which is found most
useful for ship beriberi confirms this supposition, for here
likewise rest in bed is the first essential and change of diet
the second. Just like the patients suffering from malnutri-
tional oedema, those affected with ship beriberi recover with
marvellous rapidity, so that they can be discharged from
hospital in a week or two, and in slight cases can even resume
their work on the ship after four or live days. In 190B, at
the first congress of the German Society for Tropical Hygiene,
Nocht 74 pointed out that even in Germany attacks of illness
resembling ship beriberi were by no means rare, and must
be due to defective nutrition.

A. W. McCann '55* gives a graphic description of the fate
of the German accessory cruiser " Kronprinz Wilhclm/*
which, after a raiding voyage which had been successful for
two hundred and fifty-five days, had to surrender to intern-
ment in the United States because the spread of ship beriberi
among the crew had made it impossible to manoeuvre the
vessel any longer. But Met ann is mistaken when he supposes
that wholemeal could have prevented the trouble, for then
scurvy would have taken the place of malnutritional oedema*
This warship was conquered by the food-preserving industry !

The diet which induces ship beriberi is closely akin to
that which causes malnutritional oedema. It consists of
flour and bread, peas or beans, dried potatoes, tinned or
salted meat, and preserved vegetables* In German experience
the disease usually makes its appearance on shipboard when
the store of fresh potatoes has been exhausted, and the crew
has had to be fed on dried potatoes for a time. Hoist and
Fr6lich*5 and Schaumann,1** who record this observation,
state also that the* continued diet of preserved foods soon
becomes so distasteful, that many of the crew restrict their
consumption to a few articles (especially bacon, bread, meat,
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and preserved vegetables), so that a diet already ill-balanced
is thereby yet more restricted. The same phenomenon has
been noted in many cases of malnutritional oedema in Ger-
many. Moreover, every doctor will be able to recall from
his personal experience the cases of a number of neurasthenic
patients who lived on some such extremely restricted diet
in the conviction that they could not tolerate other foods.

Arneulle Xi28 maintained as recently as 1920 that malnutri-
tional oedema in Germany occurred only among the prisoners
of war. This gross misstatement must, of course, be ascribed
to the war psychosis, by which, unfortunately, other noted
scientists have also been afflicted.

6. CONTRIBUTORY CAUSES OF MALNUTRITIONAL
OEDEMA.

a. Microorganisms.
From time to time it has been contended that malnutri-

tional oedema must be due to microbic infection, but the
dietetic causation of the disease is so obvious that such
theories have never secured wide acceptance.

Jiirgens 5°* considers that malnutritional oedema is directly
or indirectly due to infection. He holds that the ill-
balanced diet gives rise to gastro-intestinal disorders, and
that microorganisms may then invade the tissues, or may
produce toxins which are absorbed from the alimentary tract
and thus injure the tissues so as to give rise to oedema.

Writing in 1917, Nocht,637 in view of the then state of the
complettin doctrine, left the question open whether ship
beriberi was the outcome of a special form of malnutrition,
or of an intoxication by damaged nutrients or by other
poisons, or of some form of autointoxication.^ Wuth 88°
considers that the cause must be a true toxin, quite distinct
from haemotoxin, and characterised by marked lecithinophiiia.
Smith 479 in like manner assumes autointoxication to be the
direct cause of glaucoma, a local oedema.

b. Inadequate Supply of Energy.
Most authorities on diet are prone to regard a deficient

supply of calories, and the consequent disintegration of the
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bodily tissues, as the main cause of malnutritional oedema.684»
902, 1217 We have seen, however, that malnutritional oedema
may arise in persons whose diet has a fully adequate calorie
content, and we are therefore forced to conclude that calorie
deficiency can at most be an accessory factor, one which may
predispose to the disease and may reinforce the noxious
influence of the main factor. A general deficiency of nutrition
has been assigned as the cause.639> 91*, 9*3 But by parity of
reasoning this can be no more than an accessory factor.
Absolute starvation does not cause oedema. Some authorities
refer to protein insufficiencyio86 or inadequacy 784, 90* as the
main cause, but others contest this view.IO78, "96 One authority
considers that an insufficient supply of carbohydrates is the
main dietetic defect,1061 whilst others speak of an excess of
carbohydrates as responsible.90* Burger, I2I7 who believes an
insufficiency of calories to be the main cause, thinks also that
an ill-balanced diet containing an excess of carbohydrates
may favour the onset of malnutritional oedema by its tendency
to promote the retention of water. [The carbohydrates are
not stored up in the body, and therefore cannot promote the
retention of water in the tissues; on the contrary, it has
often been possible to detect the presence of hypoglycaemia
in this disease.] Whereas Maase and Zondek Io64 regard a
lack of fat as the essential cause of the disease, Jansen Io6r

reports that although the supply of fat was sometimes insuffi-
cient, it was in general adequate. Bigland IO37 speaks in
general terms of an insufficient and ill-balanced diet, without
saying precisely in what way the food was defective. Knack
and Neumann 639 lay the blame upon the excessive ingestion
ofjfluids by persons taking an ill-balanced diet. Kohman Io86

and Nixon I258 advocate the same theory, without troubling
to reflect how innumerable are the persons who consume
vast quantities of water or other fluids without being troubled
with oedema, provided only that the kidneys are healthy.
Denton and Kohman 784 are inclined to regard a lack of calcium
in the diet as a possible contributory cause.

c. Complettin Deficiency.
Most investigators, as I have already said, incline to

exclude a deficiency of accessory food factors as a cause of
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malnutritional oedema.639,9°*, 9^, Io64, i«5. 1258 i t would seem,
however, that a lack of real knowledge of the accessory food
factors has led many of these authorities astray, for it is
plain that in a number of instances they are thinking only of
Funk's vitamin. Sometimes a contention has been put
forward which is in manifest conflict with the data reported
by the assert or himself. For example, Burger 9°* rejects the
theory that a lack of " vitamins " can have caused the disease
when the diet consisted of bread, pickled meat, salted meat,
lard, kohlrabi (which had obviously been boiled in the usual
manner), and a little potato—this being a regimen practically
devoid of all accessory food factors ! Kohman Io86 will not
hear of a lack of A as a cause, finding that to supplement
the diet with an abundance of butter makes matters worse,
whereas an abundant supplement of B does not increase the
dropsy. McCarrison,I34<> on the other hand, insists that butter
contains a substance which has an antidropsical effect, and
finds that the richness of butter in this substance runs parallel
with its richness in A. Elsewhere McCarrison IO56 states that
the lack of B in the diet is momentous; it almost always
leads to gastrointestinal disorders, to dysentery and diarrhoea,
which culminate in oedema. In another publication, Burger
points out that in the diet which induces malnutritional
oedema the quantity of complettin is usually very small,
and may be further reduced by various methods of preparation
(excessive or unduly prolonged heating, the pouring away of
the water in which the food has been boiled); consequently,
we must not reject the possibility that an insufficiency of
" vitamins " in the food may be an etiological factor. When
Schlesinger Il65 refers to neuritis as a complication, and when
Nocht refers to scurvy as a complication, it is obvious that
there must have been a lack of complettins to produce these
intercurrent disorders, and that such a lack may therefore
have had something to do with inducing the malnutritional
oedema as well. ZambrzyckiII62 regards malnutritional
oedema, scurvy, and beriberi as nutritive disorders which
have a kindred etiology. He says that the same symptoms
are common to all three diseases, the difference being the
extent to which this or that symptom predominates. In
beriberi the pareses are most conspicuous; in scurvy, the
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symptoms of the haemorrhagic diatheses give the specific
character to the disease; and the most notable feature of
malnutritional oedema is, of course, the anasarca.

d. Malnutritional Oedema akin to Mehlnahrschaden.
Many authorities draw attention to the resemblances

between malnutritional oedema and Mehlnahrschaden; among
them I may mention Burger,9°* Schittenhelm and Schlecht,^
and Maver.la*5 This is in conformity with the foregoing,
inasmuch as a lack of complettins plays its part in the causation
of Mehlnahrschaden. Funk 3̂8 has definitely classed Mehl-
nahrschaden among the avitaminoses, using the latter term
in the wider significance in which it is still current to-day (as
equivalent to acomplettinoses). But in the review of Funk's
work in the " Zentralblatt fur Biochemie und Biophysik "
(1914, 16, 758), the reviewer, who is a medical practitioner,
is strongly opposed to the idea that Mehlnahrschaden,
Milchnahrschaden, rickets, and spasmophilia are to be regarded
as deficiency diseases.

There are certain respects in which Mehlnahrschaden is
definitely distinguished from malnutritional oedema. First
of all, whereas in malnutritional oedema there is a great
relaxation of muscular tone, in Mehlnahrschaden the muscles
are from the first hard and hypertonic. Furthermore, in
Mehlnahrschaden there is marked nervous irritability which
manifests itself in the proneness to muscular spasm, and
perhaps assimilates the disease to spasmophilia rather than
to malnutritional oedema. For in malnutritional oedema
there are no nervous symptoms except for the occasional
paraesthesias, and even these are probably a secondary out-
come of the mechanical pressure exercised by the swollen
tissues on the nerves. It is no more than a chance resemblance
that, in the long run, atrophy and oedema may become
associated in both diseases.

7. CAUSES OF DROPSY.

a. Chemical Causes.
Obviously, by the routes hitherto followed there is no

hope of reaching a clear conception of the etiology of the
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disease. We shall do better to set out from a study of the
morbid anatomy, and to enquire how, in the given cases, the
oedematogenic diet can have induced this. What we have
to consider is not any mechanical lesion of the capillaries,
for that would lead to a haemorrhagic and not to a merely
serous infiltration of the tissues. We are concerned with a
chemical lesion of the capillary walls, and with an interference
with the flow of blood through the venous system. Such an
interference, for instance, as results from a great lowering of
blood-pressure, causing passive congestion. We have also to
think of a true hydraemia, a decline in the internal pressure
of the serum, dependent upon its excessive dilution, leading
to a so-called dyscrasic oedema of a general character—to
anasarca.

b. Oholesterin Impoverishment.

A chemical injury of the capillary walls, just as in the
case of the walls of the larger bloodvessels, may arise in either
of two chief ways. The first of these is by a disappearance
of the lipoids from the cellular walls, which makes them more
permeable by watery solutions. Such changes ensue when,
in especial, any of the cholesterin compounds are lacking in
the cells of the capillary wall, either because there is a general
impoverishment of the blood in respect of these compounds,
or else because the solubility of the compounds in blood-serum
is increased.

Such a disappearance of the cholesterin esters is especially
noted in diseases in which, in conjunction with a hindrance
to the new formation of such esters, there is a hypertrophy
of certain organs very rich in these compounds—notably the
adrenals. In the deficiency diseases in general, and in malnutri-
tional oedema in particular, there is such a hypertrophy of
the adrenals. More particularly we know that in mal-
nutritional oedema this hypertrophy is attended by a fatty
degeneration of the adrenals, which means that these organs
are overloaded with cholesterin esters. That change alone,
however, cannot give rise to impoverishment of the blood.
There must simultaneously be some interference with a new
formation of the cholesterin esters in the blood. But we
have no evidence of anything of the kind in malnutritional
oedema, for the oedematogenic diet has usually contained
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an ample supply both of free cholesterins and of cholesterin
esters. Moreover, Albrecht and Weltmann (" Wiener klinische
Wochenschrift," 1911, No. 14) have proved that in most
cases, when the cholesterin content of the blood declines—
as it will tend to decline from time to time when this substance
is deficient in the food—the adrenals readily surrender part
of their store of cholesterin esters.

A second way of inducing cholesterin impoverishment of
the capillary walls might be that there should be an accumula-
tion of lipoid-solvent materials in the blood; but in that
case there would not be a deficiency of cholesterin compounds
in the blood itself, such as we find in malnutritional oedema ;
there would rather be an excess of cholesterins, such as is
known to occur in dogs during ether anaesthesia. (Cf. Bang.5<>8)
It follows, therefore, that the before-mentioned occurrence
of acetone in the blood can have nothing to do with the
question we are considering, although acetone is a lipoid-
solvent.

Much more important is another consideration, a fact
which has again and again been demonstrated. The ratio
between cholesterin compounds and neutral fat in the blood
is remarkably constant. If for any reason the richness of
the blood in neutral fats should decline, there is also noted
a decline in the amount of cholesterin bodies in the blood;
and when the proportion of the one class of substances in the
blood increases, the proportion of the other class increases
also. This might explain why the blood is poor in cholesterin
when the diet contains too little fat. But since, as far as
malnutritional oedema is concerned, the oedematogenic diet
has often been shown to contain an abundance of fat, we
cannot look upon this cause, either, as accounting, in general,
for the cholesterin impoverishment of the blood, and thus
indirectly for the origin of the oedema.

There is, however, a persistent factor in the clinical picture,
one which might lead to a lack of fat, and consequently to
a lack of cholesterin, in the blood. We have already seen
that in malnutritional oedema the digestive glands do their
work badly, so that sometimes there may be more or less
complete achylia. This will make it impossible for the absorp-
tion of fat and cholesterins from the intestine to be effective,
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and thus the known impoverishment of the blood in fat and
cholesterin compounds is easily explicable as a result of the
disorder of digestion. But since the blood still retains its
power of dissolving the cholesterin compounds, it will dissolve
them out of the vascular walls (and they will then be with-
drawn from the blood for storage in the morbidly hypertro-
phied adrenals). This mechanism may account for the onset
of general oedema.

But the factor we have just been considering can only
come into operation in the later stages of the disease. When
such an impoverishment in cholesterin bodies gets to work
as a cause of oedema, it must promptly induce universal
anasarca. We have learned, however, that the oedema comes
on gradually, beginning in the feet and ankles, and extending
upwards by degrees. Not until the final stages does universal
anasarca ensue.

c. Anomalies of inorganic Metabolism
A second way in which a chemical lesion of the capillary

walls may arise is through the instrumentality of the meta-
bolism of the inorganic salts. Here we have three possibilities
to consider. First the blood may be relatively or absolutely
overloaded with sodium ions ; and secondly it may be impover-
ished in respect of calcium ions, for this impoverishment
would have a similar effect. In both cases there may ehsue
a transudation of serum from the blood into the tissues;
whereas, conversely, when the blood is comparatively poor
in sodium ions, or fully supplied with calcium ions, serum will
tend to pass out of the tissues through the vascular walls
into the capillaries. To understand this we have to remember
that, even under perfectly normal physiological conditions,
fluid is continually passing from the blood into the tissues
and from the tissues into the blood. This transudation,
however, is not a filtration; nor is it, mainly at any rate,
the result of osmosis. It is due to secretory activities on the
part of the vascular endotheliurn, which, both from the blood
and from the tissues, incorporates substances in solution,
and then selectively passes them on to one side or the other.
This endothelial activity is paralysed by an excess of sodium
ions, and on the other hand it is stimulated by a sufficiency
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of calcium ions. Oedema can be induced by an excessive
supply of sodium ions; and, conversely, absorption from
dropsical tissues can be promoted by the supply of calcium
ions. (I should mention that the absorption of dropsical
effusion from the body cavities is not furthered by the supply
of calcium, which has an unfavourable effect here).

But there is a third way in which variations in the meta-
bolism of inorganic salts may injuriously affect the vascular
system. We know that the effect of acids on the walls of
the bloodvessels is to induce swelling and hyaline degeneration.
Even free carbonic acid may have this action. Now, the
oedematogenic diet always contains an excess of inorganic
acids, so that there must be acidosis in malnutritional oedema.
Moreover, the increase of ammonia and acetone in the blood
and the urine of these patients is a definite indication of
acidosis.

d. Effect of Hydraemia.
We have, then, found an effective cause for the occurrence

of dropsy in malnutritional oedema, but we have to make the
same reserve that we made in the case of cholesterin impover-
ishment. This disturbance of the metabolism of inorganic
salts would necessarily lead to general anasarca, such as does
in fact arise during the final stages of the disease. I t follows,
therefore, that cholesterin impoverishment and disorder of
inorganic metabolism can be no more than contributory
causes. What we are still in search of is some predisposing
cause, which can account for the localisation of the initial
oedema. But before we pursue this question, we have to
consider a third factor, which may very well explain the
onset of the oedema, but itself in turn requires to be explained.
I refer to the condition of hydraernia which is actually proved
to exist—the general impoverishment of the blood as regards
solid constituents, and the undue richness of the blood in
water. Excessive wateriness of the blood must of course
tend to result, by osmosis, in the passage of fluid into the
tissues, especially if there should be a lowering of the osmotic
pressure of the blood. This latter change is not, however,
associated; for in malnutritional oedema, thanks to the
accumulation of sodium chloride in the blood, the osmotic
pressure is kept at its normal level—and in all the cases he
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has investigated, Feigl 116 has found the cryoscopic conditions
normal. Of course this means no more than that the relative
sodium-chloride content of the dropsical effusion is normal.
The impoverishment of the blood in respect of certain other
ingredients involves a reduction of the partial pressure of
these substances, which must lead to an impairment of the
proper relationship between the blood and the tissue fluid.
In consequence of this, a transudation of serum will ensue
until the partial pressure of these substances in the tissues
has become identical with that in the blood.

This explanation may seem most acceptable, but in reality
it merely thrusts back the problem a stage further, for we
have to ask, What is the cause of the hydraemia ? Although
many authorities tell us that the wateriness of the regimen is
the cause, this is absurd. Provided my organism is healthy,
it makes no difference if I consume a lot of watery nutriment,
or even drink large quantities of pure water. The body has
its own way of dealing with an excess of water. The cardinal
point of which we are in search is the explanation of the
failure of this regulative mechanism.

e. Cardiac Asthenia.
The regulative capacity of the organism in this respect

can, first of all, be reduced by cardiac asthenia. But though
all authorities refer to the existence of bradycardia in the
acute stage of the disease, this is by no means synonymous
with cardiac asthenia, and is probably a consequence rather
than a cause of the increase in the quantity of the blood and
of the fall of the blood-pressure. Furthermore, although the
lowering of the blood-pressure may lead to a reduction in
renal excretion, it can hardly account for the hydraemia.
We must, therefore, direct our attention in the first place to
the organs preeminently responsible for excretion, namely
the kidneys ; we must enquire whether, in the pathogenic
diet, there are any factors competent to interfere with the
process of renal excretion.

/ . Behaviour of the Kidneys.
In this connexion, once more, we have three symptoms

already known to us to reckon with—symptoms which are
19



2Q0 VITAMINS

somewhat conflicting, so that a satisfactory solution of the
problem is rather difficult. First of all there is the hydraemia ;
secondly, the polyuria; and, thirdly, the nycturia. I t is
difficult to understand how hydraemia can arise when there
is polyuria, and when the polyuria is so marked as to lead
to nycturia.

Polyuria is a familiar symptom in persons who consume a
diet containing large quantities of water and also substances
containing an abundance of inorganic salts, especially calcium
and potassium salts. I t has been my experience tha t in
persons who have hitherto been little accustomed to a vege-
tarian diet, and who therefore, when they consume considerable
quantities of vegetable food, are prone to season it strongly
with salt, there is apt to be delayed excretion, so that they
are forced to rise several times during the night in order to
pass water. In proportion as the sodium chloride is eliminated
from the body, the nocturnal diuresis declines, and, on the
other hand, the flow of urine during the daytime increases.
In a healthy individual who consumes only moderate quantities
of table salt (not more than 7 grammes daily) the kidneys act
so promptly that after a liberal helping of watery vegetables,
such as asparagus, young green peas, kohlrabi, or carrots,
the desire to pass water becomes urgent within ten minutes.

g. The Effect of the various Ions on the Kidneys.

The hindrance to the natural excretion of water must
therefore depend on the effect of the sodium ion on the renal
tissue. This effect is reinforced by the simultaneous presence
of the chlorine ion, which likewise hinders the activity of the
kidneys. A deficient supply of calcium contributes to the
retardation. In physiologically healthy conditions, calcium
and sodium have contrary actions on the renal functions.
Calcium, by its effect on nerve and muscle, reinforces the
stimulating influence of the potassium ion. Sodium and
chlorine tend to paralyse renal activity; potassium stimulates
and calcium regulates this activity.

In the oedematogenic diet, there is an excess of sodium
and chlorine, in conjunction with a lack of calcium, and
frequently with a lack of potassium. These conditions impair
the excretory activity of the kidneys, and simultaneously
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tend to paralyse the sphincter vesicae. Consequently, an
urgent desire to make water is felt even when there is but a
very small quantity of fluid in the bladder. It is a fact that
these patients all complain of a frequent desire to pass water,
although they pass only small quantities at a time (from 50
to 150 cc). Nevertheless, as Rose's researches and mine have
shown, despite the paralysing effect of the sodium ion on
renal activity, the consumption of large quantities of sodium
in the form of table salt (more than 12 grammes) induces
marked diuresis. To understand this phenomenon, we must
remember that in the excretory function of the kidneys two
distinct factors are at work. The genuinely regulative func-
tion of these organs depends upon a selective excretion; the
kidneys are excretory glands, and it is, primarily, this excretory
activity which is affected by small quantities of ions. But in
addition, the kidney tissue, like that of all other organs, is
subject to the laws of osmotic pressure; there must be an
osmotic equilibrium between excretion by the kidneys and
the constitution of the blood. It is to this osmotic element
in the renal function that we must refer the increase in the
urinary excretion when large quantities of common salt are
consumed. The bodily tissues are adapted for a specific
osmotic pressure, and as soon as this pressure is exceeded,
the ion whose partial pressure is excessive is automatically
excreted by the kidneys. But since, in this process, the
genuinely active function of the kidneys plays no part, it
follows that, as far as the excretion of other substances is
concerned, excretion takes place only in proportion as the
blood passing through the kidneys is able to provide the
actively excreting tissues of these oigans with a sufficiency
of the stimulating and regulating ions.

We have already learned that the excretion of sodium
chloride in the urine is always a tardy process, and the facts
just mentioned explain the retardation. They also enable
us to understand that a sufficient excess of water and sodium
chloride may ultimately lead to polyuria although at the
same time the blood has become hydraemic. The secretory
activity of the kidneys has been to a considerable extent
paralysed, and nevertheless the excessive supply of sodium
chloride has raised the osmotic pressure of this salt so high
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as to promote diuresis. If the accumulation of water and
sodium chloride in the body be considerable, the diuresis may
be excessive, and may be none the less inadequate to free
the blood from its excess of water.

h. The Reduction of Blood-Pressure.

A third factor has now to be considered, one competent
unaided to induce oedema. In my account of the polyneuritic
disorders I referred to McCarrison's hypothesis that the
hypertrophy of the adrenals led to an increased formation of
adrenalin, and that the resulting constriction of the capillaries
caused an exudation of serum into the tissues. I quoted
Barr, however, in support of the contention that adrenalin
acts on the larger bloodvessels rather than on the arterioles,
so that a surplus production of adrenalin must favour the
circulation and must tend to counteract the occurrence of
oedema. But in beriberi, notwithstanding the hypertrophy
of the adrenals, the blood-pressure is low, and this leads to
so great a flow of blood through the arteries that the outflow
from the capillaries is insufficient. In view of these considera-
tions, McCarrison has formally withdrawn his hypothesis. In
malnutritional oedema, the fall in blood-pressure, the relaxation
of the great vessels, is even more marked than in beriberi,
so that on this count alone we should expect the onset of
oedema.

i. The Effect of B Deficiency.

But what is the cause of the fall in blood-pressure ? There
are two factors, which work hand in hand. When studying
the determinants of growth we found that vegetable extracts
rich in B could induce a lowering of blood-pressure. But
this factor is not in question here, for in malnutritional oedema
there is a lack of B in the diet, not an excess. However, the
deficiency of B may be the indirect cause, for it may act by
impairing the secretory activities of the endocrine glands.
In the case of the polyneuritic disorders we saw that this
applies to the production of adrenalin, for although the adrenals
are hypertrophied in these disorders, they do not supply a
normal quantity of adrenalin.
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k. The Lack of Potassium and Calcium,
The lack of B, however, cannot make itself felt quickly.

There must be a considerable period of incubation before the
insufficiencies arising from this lack can induce oedema.
But simultaneously with the B deficiency there is at work
a second factor competent to bring about a relaxation of the
bloodvessels. I have already shown that an excess of sodium
and chlorine ions in conjunction with a deficiency of potassium
and calcium tends to paralyse the vital secretory activities
of the endothelial cells lining the bloodvessels, with the result
that the interchange between the blood and the tissues is
predominantly effected by differences in osmotic pressure
instead of by the active intervention of the vascular endothe-
lium. But the richness of the blood in these various ions has
another direct influence upon the bloodvessels, upon the
arterial walls this time. Just as in the case of the sphincter
vescicae, the intestinal musculature, and the ureter, an excess
of sodium and chlorine ions has a paralysing influence upon
the involuntary muscular fibres in the arterial walls. This
action is reinforced by the lack of the corrective influence
of the calcium and potassium ions. Consequently, the excess
of sodium chloride and the deficiency of calcium and potassium
in the blood must lead to a relaxation of the arterial muscula-
ture, and this will obviously induce a fall in blood-pressure.

8. SUMMARY.

Let us now summarise the foregoing considerations. We
may regard as the primary cause of the oedema the decline
in the secretory activity of the kidneys owing to the lack of
calcium and potassium. Consequently the blood becomes
hydraemic. The transudation of the hydraemic serum into
the tissues is brought about by a paralysis of the regulative
activity of the vascular endothelium owing to the calcium
and potassium activity ; also by the hydraemia ; also by
the relaxation of the bloodvessels consequent on the lack of
calcium and potassium, which leads to passive congestion,
and by other chemical changes in the blood and the vascular
walls. The passive oedema must make its appearance first
where the driving power of the heart has the greatest difficulties
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in making itself felt—in the lower, extremities, and notably
in the joints, where the circulation is especially sluggish. The
tendency to oedema is reinforced by the failure of the adrenals
to provide a sufficiency of adrenalin.

All these factors are brought into play for much the same
reason. The lack of B in the diet, which leads to a decline
in glandular activity, is responsible for the failure of the
adrenals and for the consequent loss of arterial tone. The
deficiency of lipoids in the vascular walls and the blood is
referable to the defective absorption of lipoids from the intes-
tinal tract, and this, too, is an outcome of B deficiency. A
further change in the vascular walls and in the blood is due
to the excessive consumption of table salt, and to the lack of
calcium and perhaps of potassium ions. The degeneration of
the walls of the bloodvessels is accentuated by the acidosis
consequent on the diet. Furthermore, the acidosis and the
other effects of inorganic metabolism have a directly paralysing
influence upon the arterial musculature, and also upon the
secretory activity of the kidneys; while the large quantities
of sodium chloride, raising the osmotic pressure of this salt,
induces a morbid diuresis, which nevertheless does not suffice
to clear the surplus water out of the system.

A study of the actual diet should, therefore, enable us to
ascertain the factors leading to oedema. There must be a
lack of B, a lack of calcium, and perhaps a lack of potassium,
in conjunction with an excess of sodium chloride, together
with an abundant consumption of fluid. It is possible that
a lack of A may be contributory, for according to McCarrison I24°
this complettin is able to hinder the onset of oedema. But
McCarrison's observation has not yet been confirmed.

O. Bossert 10I4 reports a very interesting case bearing
upon these theories. In children affected with spasmophilia
upon a gruel diet, a raw egg was added to make the diet better
balanced. The consequence was the onset of oedema, mainly
in the feet and legs, but also to some extent in the face, and
occasionally carpopedal spasms were noted. The symptoms
promptly disappeared when the eggs were discontinued.
While the oedema was present, Bossert found that there was
marked retention of nitrogen and inorganic salts; with the
withdrawal of the eggs, and concurrently with the disappear-
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ance of the oedema, the retained substances were excreted.
Bossert considers that local changes in the tissues with a
relative lack of calcium in the interstitial fluid of the tissues,
leading to an accumulation of chlorine and alkali in this fluid,
must have been the cause of the trouble. Now the calcium
impoverishment preexisted, and since there is an abundance
of calcium in yolk of egg, the giving of the eggs ought to have
had a good effect as far as this matter was concerned. But,
together with the calcium, there was introduced by the addition
to the diet a marked excess of sulphuric acid and still more
of phosphoric acid, so that despite the absolute enrichment
with calcium there must have been an increase in the relative
impoverishment as far as this ion was concerned. Further-
more, the acidosis already due to the gruel diet must have
been accentuated. In these cases, however, there was a
factor at work which is not operative in ordinary malnutri-
tional oedema. Eggs are very rich in lecithins ; during the
decomposition of lecithins in the processes of digestion or in
the blood, cholin is liberated, and this natural antagonist of
adrenalin must give rise to a lowering of blood-pressure.
Even though the conditions for the onset of oedema already
existed, they did not become fully operative until a condition
of passive congestion was brought about by the action of
the cholin. A contributory, and perhaps decisive, influence
was exercised by the deficiency of nervous tone in these
spasmophiliac children, and this perhaps explains why the
symptoms were noted in spasmophiliac patients only.

Pending fuller knowledge, we may therefore regard a lack
of B, of calcium, and sometimes of potassium and A as well, in
conjunction with an excess of sodium chloride, inorganic acids,
and water, as the determinants of malnutritional oedema.

ADDENDUM TO CHAPTER EIGHT : KINDRED NUTRITIVE
DISORDERS.

a. Mehlnahrschaden.
We have already learned that various authorities 902-* 9J3, ***5

consider that there is a kinship between the Mehlnahrschaden
of infants-in-arms and malnutritional oedema. It will therefore
be expedient to undertake a more detailed examination of the
factors that may contribute to the onset of Mehlnahrschaden.
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It has been shown that at the very outset this disease is
distinguished from mainutritional oedema inasmuch, as in
the latter the muscles are relaxed and toneless, whereas in
if ehlnahrschaden they are hard and hypertonic. Furthermore,
in mainutritional oedema there are no nervous symptoms
(unless polyneuritis be present as a complication), whereas in
Mehlnahrschaden there is a nervous hyperirritability which
may lead to tetanoid spasms. Again at an early stage of
Mehlnahrschaden, the little patients suffer from moderate
meteorism. By degrees, the nutritive condition grows worse,
until ultimately a markedly atrophic state arises. In. the
last stages, there may be oedema. To complete the picture,
it is necessary to add that acute gastro-intestinal disorder
is a frequent complication. There is also a notable increase
in the susceptibility to every kind of infection.

The diet in these cases has consisted mainly of gruel,
mush, or porridge of some kind, to which sugar and fat are
often added to promote energy. The errors of such a diet
from the standpoint of modern dietetics are obvious. We
have learned that all the cereals have certain defects which
may be looked upon as characteristic of these nutrients. As
regards inorganic salts, they are deficient in sodium and cal-
cium ; they are also poorly supplied with organically combined
sulphur and with bases generally ; but they contain a super-
abundance of inorganic acid-formers and of potassium. The
cereals are also poor in B, A, and C, the poverty being more
marked in proportion to the fineness of the flour. Finally,
the proteins of the cereals are always inadequate; they are
lacking to some extent in the ringed amino-acids, and are
especially poor in lysin and cystin. These defects afford a
ready explanation of the causation of the disease. The
deficiency of A and B impairs the activity of the digestive
glands, so that the utilisation of a diet that is already inadequate
is rendered incomplete, and at the same time the door is opened
for all kinds of intestinal infections and fermentations. The
excess of potassium, when there is a deficiency of sodium as
an antagoniser and of calcium as a corrective, leads to muscular
hypertension, to contractures; and at the same time induces
a nervous hyperexcitability which manifests itself in tetanoid
spasms. In most cases the lack of A in the gmel is fairly
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well compensated by the addition of butter. When this
supplement is lacking (as in Denmark, where the butter is
destined for export) xerophthalmia often occurs as a complica-
tion. This is supposed to be the chief cause of blindness
among Danish children.940

The lack of complettins and of important inorganic
nutrients, the acidosis, and in especial the lack of an adequate
protein, must gradually induce general atrophy, as the out-
come of which the glands will be paralysed and atrophied,
and more particularly the production of adrenalin will be
reduced.ia4<> In the long run there will ensue a fall in blood-
pressure, and this, in conjunction with the onset of cardiac
asthenia due to the malnutrition and the lack of calcium,
will give rise to oedema.

J. Milchnahrschaden.
Aron 388 protests against confounding Mehlnahrschaden

with Milchnahrschaden, probably with justice. Milchnahr-
schaden, which is a rarer disease than Mehlnahrschaden, is a
result of the hand feeding of infants with milk, especially
cow's milk. Ordinarily, in this form of artificial feeding, the
milk is greatly diluted and is also pasteurised or at least
scalded. The first symptom of the disorder is that sleep is
greatly disturbed; the infant is overtired, and manifests
its discomfort by repeated fits of crying. The skin becomes
pale and turgid, and is morbidly sensitive to injury. The
tonicity of the tissues and the blood-pressure decline; the
stools contain large quantities of fatty soaps; and there is
marked meteorism. For a time there is an arrest of weight,
and then the weight actually falls until extreme atrophy has
been established. Marked intolerance of fat is displayed,
especially when cream is added to the milk in the hope of
improving the nutritive condition.

Nervous symptoms have not been noted, but the disease
may sometimes be complicated with infantile scurvy.

c. Fat as a noxious Factor in Infant Feeding.
The fatty acids of the milk have hitherto been regarded

as responsible for Milchnahrschaden. It has been supposed
that, as the outcome of some gastro-intestinal disturbance,
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the unabsorbed fatty acids have been eliminated in the stools
as sodium, potassium, or calcium soaps, this leading to an
impoverishment of the body in respect of bases.

Czerny considers that the volatile fatty acids in the milk
fat are especially to blame, and therefore he and Kleinschmidt
recommend the well-known butter-and-flour preparation,
made by heating butter with flour so that the volatile fatty
acids are driven off. Reiche,1^ however, reports that children
do not thrive permanently on this butter-flour diet, and that
ultimately the increase of weight is arrested.

WTiile we may admit that a failure in the absorption of
fat may actually lead to the onset of acidosis, the symptom
complex of Milchnahrschaden cannot be thus explained. But
the knowledge we have now acquired concerning the physi-
ology of nutrition should enable us without much difficulty
to ascertain the true pathogenic factors in this instance also.
In contradistinction to Mehlnahrschaden, the dominant
feature is here an impoverishment in potassium, and, thanks
to the dilution of the milk, also in sodium and calcium, and
in bases and inorganic nutrients generally. The deficiency
suffices to induce acidosis, and that condition can certainly
be aggravated by the losses due to the fatty discharge in the
stools. But the acidosis does not suffice to explain the
symptoms, even though the impoverishment in respect of
inorganic nutrients must certainly tend to reduce the vigour
of the vital reactions.

The pallor, the turgidity of the skin, the digestive dis-
orders, the loss of tonicity of the tissues, the sensitiveness of
the skin to injury, the weakness of the digestion, and the
increased susceptibility to infections, comprise a syndrome
we have already noted when discussing the conditions of
growth, and we have recognised it to be an outcome of B
deficiency. I have pointed out that the B content of cow's
milk is primarily low, and that therefore a dilution of cow's
milk must make the danger of B deficiency acute.

It is, of course, obvious that when there is a general lack
of inorganic nutrients together with acidosis and defective
power to digest fats, the symptoms of the disease can only
be aggravated by increasing the amount of fat in the milk
through the addition of cream.



CHAPTER NINE

PELLAGRA

r. CLINICAL PICTURE.

THOSE who speak to-day of the avitaminoses, or, as I prefer
to call them, of the acomplettinoses, have usually three diseases
in mind : scurvy, beriberi, and pellagra. A full account
has been given of beriberi and scurvy, and it remains only
to undertake a critical discussion of pellagra. The primary
requisite in this connexion is a precise knowledge of the
symptom complex that passes by that name. The first
specific feature is the chronicity of its course. At the outset
there are slight attacks, chiefly in spring and autumn; and
during the intervals between these the manifestations recede
and may completely disappear. In the attacks, the patient
exhibits a peculiar awkwardness of movement, which makes
his gait typically cumbrous. He complains of headache,
dizziness, sleeplessness, weakness, paraesthesias, and neuralgias.
He is listless, depressed, and irritable. Gradually, loss of
appetite sets in, sometimes culminating in a positive loathing
for his ordinary food, but occasionally alternating with
bulimia. The tongue is apt to be thickly coated, or in a state
of inflammatory desquamation ; there are salivation, heart-
burn, often intense thirst and gastralgia; in many cases,
diarrhoea completes the picture of severe gastro-rntestinal
disorder. The attacks commonly recur year after year,
"becoming worse perhaps, but not exhibiting any other change.
By degrees, however, upon this basis, there is superimposed
the group of serious nervous disturbances typical of advanced
pellagra. Concurrently with their onset, in the spring or
autumn an eruption usually appears. The digestive troubles
become more obstinate, stubborn constipation sometimes

299
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alternating with diarrhoea. Emaciation sets in, and the
aspect is now cachectic. Nephritis is common, and the
urine (which is often alkaline from secondary infection of the
bladder) contains albumin. When there is marked gastro-
intestinal disorder, indicanuria is not uncommon. Anaemia,
with moderate lymphocytosis, develops as a secondary symp-
tom. Most characteristic of all are paralytic manifestations,
often associated with nerve atrophy and with tonic or clonic
spasm. The knee-jerks are usually exaggerated, but in some
cases are absent; Romberg's symptom is generally present.
The gait is that of spastic paraplegia. Vertigo, tremor, and
twitching are common; and the spasms may pass on into
epileptiform convulsions. Other typical symptoms are photo-
phobia, retinitis, and at times disorder of the auditory nerve.
Severe neuralgias and obstinate paraesthesias of the most
multiform character contribute to the development of the
mental disturbance which often arises at this stage, and may
ultimately drive the patient to suicide. The mental symptoms
may take the form of melancholia, mania, cyclic insanity,
paranoid and obsessive ideas, etc. The apathy and the
amnesia may affect the intelligence so profoundly that the
mental state comes to simulate that of paralytic dementia.

The parts affected by the exanthem are especially those
exposed to light, and notably to direct sunlight. There is a
remarkably symmetrical erythema, which may be light-red,
dark-red, or bluish in tint. The affected areas are the seats
of a burning sensation, which is apt to be almost unbearable
at night; and vesicles or pustules often form upon the skin
of these regions. This vesicular dermatitis gradually leads
to the formation of crusts, or sometimes to the onset of typical
eczema. After a number of such attacks of dermatitis,
hyperkeratosis sets in, subsequently leading to marked
desquamation, after which the skin is left in a dry, raw, parch-
menty, and deeply pigmented state. Ultimately, the skin
becomes shrunken, wrinkled, and atrophic. Striking as the
eruptions are, they are not universal in this disease. Especially
in America,I007 many cases have been seen of unmistakable
pellagra without any eruption ("pellagra sine pellagra");
and other cases in which the exanthem has been limited to the
formation of scales, or to rhagades in the corners of the mouth.
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I have already referred to the fact that the course of
pellagra is chronic. In the worst cases, it is true that within
a few months or years death may occur from cachexia, or
in consequence of the mental or nervous disturbances. As a
rule, however, the illness lasts for decades, and in exceptional
instances throughout a life of normal duration.

There is, however, an acute form, the so-called typhus
pellagrosus, characterised by pyrexia and a typhoid state,
and by an accentuation of all the usual symptoms. The
intelligence is clouded at an early stage, and before long
delirium occurs. In contradistinction to the chronic form of
the disease, in the acute form there is a hypertonicity of the
whole muscular system, sometimes so marked as to cause
opisthotonus. As in severe attacks of typhoid and typhus,
the patients are completely helpless, and pass the faeces and
urine involuntarily. Death ensues within a week or two, to
the accompaniment of grave complications, such as pneu-
monia, encephalitis, extensive bed-sores, etc. Notwithstanding
the onset of this typhoid state, no typical microorganisms have
been found in the stools or in the blood in this form of the
disease; it is doubtless due only to severe complications in
the form of gastro-intestinal disturbances. The amoebae
of amoebic dysentery, various microorganisms, nematode
worms, etc., have been found in great variety in these cases.
We may therefore presume that the typhoid state is the out-
come of the association of the severe gastro-intestinal disorder
and the malnutrition with the nervous symptoms characteristic
of pellagra.

In the early stages of pellagra, a complete change of diet
offers the best hope of cure, though by no means a certain
hope. Without such a change, and in advanced cases, the
prognosis is exceedingly grave.

2. PATHOLOGICAL ANATOMY.

The first morbid changes take the form of congestion of
the whole intestinal tract, passing on into grave atrophy,
and often attended by ulceration of the large intestine. There
are also degeneration and atrophy of the muscles, the heart,
the liver, the spleen, the kidneys, and the endocrine glands.
Whereas in the other deficiency diseases, the adrenals are
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hvpi r:r ^uied, in pellagra these glands are markedly atrophied,
and may be reduced to one-tenth of their normal size.lr37,
ns-, 21;: Degeneration is especially frequent in the medulla
of the adrenals and in the Langerhans' islands of the
spleen.

In the later stages, when the nervous and mental symptoms
have developed, we find extensive and diversified changes
in the nervous system. Most conspicuous are the signs of
inflammation in the meninges of the brain and the spinal
cord. There is degeneration of the large ganglion cells in the
cerebral cortex, of the posterior horns of the spinal cord, and
of the ganglia of the posterior roots; less often there is
degeneration in the cells of Clarke's columns and in those of
the anterior horns. There are also symmetrical degenerative
or sclerotic changes in the posterior tracts (especially in the
columns of Goll), the pyramidal tracts, the lateral tracts, and
above all in the posterior roots. According to Roaf,IoS6 the
cells of the ganglia of the sympathetic always exhibit a condi-
tion of plasxnolysis, attended with atrophy of the medullated
nerve fibres "9»—changes which have a great resemblance to
those met with in Addison's disease. (Cf. also rl37, «7*.)

As previously mentioned, the glands participate in the
general atrophy, and this statement applies especially to the
endocrine glands.JI37, 1I93 But the first of all the organs to
be involved in the atrophic process would seem to be the
digestive glands—the salivary glands alone excepted. At the
very outset of the disease there is a falling-ofi in the amount
of gastric juice, in the peptolytic power of the secretion, and
in its hj'drochloric-acid richness. In severe cases, there may
be no acid at all. This failure of secretion spreads by degrees
to the whole digestive tract, so that in bad cases there is
complete adhylia.z7°. 3**. Il87 The inevitable result is a grave
disorder of digestion and absorption, this trouble being
accentuated by the atrophy of the mucous membranes. ~85*
3", 337 As a result, even in the early stages, the nitrogenous
balance tends towards the negative,316* 3*8 and before long
becomes definitely negative.Il87 Except for the interference
with absorption, metabolism is said to nin a normal course 3 l 8 ;
but this can only be true in very mild cases. Nistico 814
claims that he has observed a falling-off in the tolerance for
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carbohydrates, but his conception of the normal tolerance is
so high (1*5 to 2-5 grammes of glucose per kilogramme of
body-weight) that we are hardly entitled to speak of a real
reduction in the carbohydrate tolerance.

The digestive disorders, and especially the lack of hydro-
chloric acid in the stomach, cannot fail to react unfavourably
upon the nature of the intestinal flora, and at an early stage
fermentations and putrefactions of all kinds set in. Owing to
the failure of the natural powers of resistance of the alimentary
tract, every conceivable kind of affection of the stomach and
bowel may ensue, ranging from simple heartburn to typhoid.
Of course these disorders impair yet further the chances of the
patient's being satisfactorily nourished.s73. 285, 337,1066, 1176, 11*7

There is also grave disturbance in the balance of nutrition
as regards inorganic salts. Even allowing for the fact that
absorption is so much impaired, there is a negative balance
in the case of all the inorganic nutrients as soon as the disease
becomes acute.s85

The excretion of nitrogen, phosphorus, magnesium, cal-
cium, and potassium in the urine is greatly diminished,x85
385, 30* the reduction affecting the phosphates more than the
urea, the alkalies more than the calcium, and the calcium
more than the magnesium. When there is a sufficient supply
of sodium chloride, the excretion of sodium and of chlorine
may be normal or even increased. l84 The quantity of ammonia
is always increased, both relatively and absolutely 8> l84, ia»6;
and as a further sign of acidosis there is an increased excretion
of acetone,8 and also of kreatinin in conjunction with well-
marked kreatinuria.318 There is no uxobilin in the urine 3I4;
but, owing to the great disturbance of intestinal digestion,
there is an increased excretion of indican in the urine, often
leading to marked indicanuria.442, Io66 Galmozzi records the
remarkable observation that the sulphur in the urine in the
form of ester compounds is diminished, a fact which perhaps
depends upon the invariable poverty of the pellagrogenic diet
in sulphur

At the outset of the disease there is a moderate fall in
blood-pressure (to 119 mm. of mercury) ; but the relaxation
of the vascular tone rapidly increases pari passu with the
general loss of muscular tone, and when the disease is thoroughly
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established the blood-pressure ranges from 92 mm, to as
low as 78 mm.Il87

In the acute stage we find an excess of lymphocytes in
the blood, with neutral leucopenia and a faUing-off in the
number of eosinophil cells,I44 phenomena met with in all
essential anaemias. Reports are very variable as regards the
serological conditions, and it will be best to defer the discussion
of this matter until we come to consider the probable causes
of the disease.

3. THE PELLAGROGENIC DIET.

The occurrence of pellagra was first recorded in connexion
with an ill-balanced diet consisting chiefly of maize. It has
been supposed that the appearance of the disease in Europe
dates from the time when the cultivation of maize became
widespread in Northern Italy, but there is no proof of this
assertion.312 For a long time it was believed that the patho-
genic cause must be connected with maize, though it was
uncertain whether the influence was a specific property of
the maize or was the outcome of a decomposition of the grain.
The importance of maize as pathogenic agent was confirmed
by the terrible spread of the illness in Rumania, where the
annual toll of deaths from this cause became enormous, and
where according to Urbeanu 8 the rural population lived almost
exclusively on maize (for the amount of other food consumed
per head in the course of a year would hardly exceed two
kilogrammes.) Urbeanu was able to prove that an ill-balanced
maize diet induced pellagra-like diseases in fowls, and this
observation was confirmed by Clementi.5*9 It was found
that other animals became pellagrous on a maize diet. As far
as pigs are concerned, the effects of the inadequacy of maize
in respect of the inorganic nutrients predominate in the
clinical picture, so that pellagroid symptoms are not conspicu-
ous 347; but dogs,4o6 guineapigs,^. 352* 3&> mice, and rats,
become affected with pellagra on an ill-balanced maize diet.
(Hoist,1?1 who experimented on guineapigs, regarded the
disease induced by a maize diet in these animals as poly-
neuritic.)

The method of milling seems to have a certain influence.
Suarez 489 reports that mice and pigeons, which on a maize
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diet become pellagrous, are affected with polyneuritis if fed
exclusively upon finely sifted maize flour or upon maize
starch (maizena), and that they can be cured by giving them
yeast.

The effects of the maize are most pernicious when it is
boiled. In the case of rabbits,»7 and in that of white mice,^*
the supplementing of a diet of boiled maize with an abundance
of milk does not prevent the onset of the disease, whereas
ordinary mice can thrive on a diet of boiled maize and milk.
Mice fed on wheaten rolls and milk were not found to display
any pellagrous symptoms. (Cf. Horbaczewski X3*.)

In the United States, however, pellagra was found to
occur, even in its gravest forms, in human beings whose diet
had contained no maize at all, or only a little. Most of these
patients were able to command an adequate diet, but for
one reason or another (generally they were neurasthenics
with a fixed idea that certain foods did not suit them) they
lived upon an extremely restricted and therefore ill-balanced
regimen. As typical of such defective regimens may be
mentioned the experimental diet prescribed by Goldberger
and Wheeler,IX57 whose subjects were prisoners voluntarily
submitting to the experiment. The diet consisted of wheat
and maize in the form of fine flour, maize starch, polished
rice, and small quantities of vegetables and fat. The subjects
of the experiment were put upon light work and received an
allowance of " only " 2,500 to 3,500 calories daily, the diet
containing 41 to 54 grammes of protein (mainly vegetable),
91 to 134 grammes of fat, and 387 to 513 grammes of carbo-
hydrate. In all the eleven subjects there occurred, in the
course of 205 days, loss of weight and general debility.
Abdominal pain and headache were frequent; in three there
was diarrhoea, and in five there was an increase of the knee-
jerks. In the case of six of the subjects, typical cutaneous
manifestations appeared towards the close of the fifth month,
but the site of these was in most cases anomalous. In two
only did the skin eruption begin on the hands and the nape
of the neck; in the other cases it began on the scrotum.

Chittenden and Underhill599 were able to induce typical
pellagra in dogs by feeding them on boiled bean flour, wheaten
biscuits, and linseed or cottonseed oil. (Cf. also fy1.)

20
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4. VIEWS THAT HAVE HITHERTO PREVAILED CONCERNING
THE ETIOLOGY OF PELLAGRA.

a. Microorganisms as the Cause.

It was, of course, believed at one time that infection
must be the cause of epidemics of pellagra^8, 878 fout since
it was never possible to discover a specific microbe, the opinion
was abandoned. Harris 3z6 claimed to have induced pellagra
in monkeys with morbid material from a case of pellagra
after the material had been passed through a Berkefeld filter;
but subsequent observers, such as Lavinder, Francis, Grimm,
and Lorenz,397 Siler, Garrison, and McNeal,4« and Bigland,J137
were unable to secure any evidence of infection by the inocula-
tion of the pellagrous matter or by its administration by
mouth. Bass l83 believed himself to have proved the infectious
character of the disease because he observed that fowls
acquired pellagra when fed upon maize that had been con-
taminated with the faeces of pellagra patients; but other
investigators were able to show that the alleged proof was
invalid, seeing that a maize diet will induce pellagra in fowls
in the absence of any such contamination.

Babes reports favourable results from the treatment of
pellagra with arsenic, and considers that these successes
support his view that the disease is dependent upon a
protozoal infection.668* 669 Collodi JI7* I I8 contests the infer-
ence, for he holds that the observed improvement could readily
be explained as the outcome of the familiar stimulating and
invigorating action of arsenic. AlessandriniIa6 considers that
a maize diet is merely a predisposing cause. He believes
that this diet gives rise to intestinal disorder which prepares
the ground for the invasion of the intestine by certain nematode
worms belonging to the family of the filaridae, the larvae of
which are to be found in the drinking water of regions where
pellagra is prevalent. This observation has not been confirmed,
and the presence of filaridae in the intestine of pellagrous
patients was doubtless an intercurrent affection on all fours
with the accidental presence of different sorts of extraneous
micro-organisms.

The commission appointed by the United States Govern-
ment to study the etiology of pellagra 3*8 was at first inclined
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to regard the disease as a specific infection, and this view
seemed to be confirmed when it was found that in Spartanburg,
South Carolina, a town where pellagra is endemic, there was
a notable decline in the number of cases after considerable
attention had been paid to sanitary conditions.5I4 According
to Roberts,I007 however, this view has now been generally
abandoned, and pellagra is supposed to depend upon some
sort of deficiency in the diet. Vallardi,l69 Patta,I03 Car-
letti,I79» l8° and more recently Boyd,ll87 are definitely opposed
to the idea that pellagra is of an infective nature, and in especial
they reject the notion that a protozoon is the exciting cause.

The principal idea of the Italian school was that the
cause of pellagra must be some sort of deterioration of the
maize used for food. In Germany, the view gained strength
from the statement of M. Otto that the growth on maize of
Italian cultures of Aspergillus fumigatus formed extremely
toxic substances, whereas the German stocks of the same
fungus did not do so. The growth of Penicillium glaucum
upon maize was also said to produce toxins, and in this case
likewise the Italian stocks of the mould were the most venomous.
Tiraboschi,77 too, as a result of these researches and of his
own, considered that such differences in the virulence of the
moulds explained why pellagra appeared in certain < localities
and not in others. Tizzoni,1^, *7<> again, considered that
damaged maize was the cause of pellagra, and claimed that
while he had been unable to produce pellagra by feeding
monkeys on maize, he had succeeded in causing the disease
in these animals by the subcutaneous injection of cultures of
organisms isolated from the grain. The filtrate from such
cultures was said to produce precipitin reactions with the
blood of pellagra patients ; but according to a later publication
of this authority,^8 did so only after the bacteria in the
culture had been broken up.

Camurril84 also assumes that moulds form a toxin in
maize. In the organism of healthy human beings the influ-
ence of this toxin is supposed to be counteracted by anti-
bodies, and the toxin can only take full effect in exhausted
or debilitated persons. * ^A

According to Volpino, Mariani, Bordoni, and Alpago-
Novella,l89» X9° both pellagra patients and healthy persons
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react very little or not at all to the administration of aqueous
extracts of damaged maize by mouth. In twelve out of
thirteen pellagra patients, however, the injection of I or 2 cc.
of aqueous extract of damaged maize induced manifestations
of disorder of the central nervous system, also a rise of
temperature, and general, local, and cutaneous disturbances;
whereas in healthy persons the same injection induced nothing
more than a non-specific rise of temperature. For healthy
human beings and animals, the specific substance was almost
non-toxic ; it resisted heating to 115° C, and was soluble in
water. This " pellagrogenin" was precipitable by alcohol,
thus contrasting with other toxins sometimes present in
damaged maize, which are hardly soluble in water but are
readily soluble in alcohol and ether. But these investigators
were unable either with the precipitin reaction, or by the
method of deviation of the complement, or by passive anaphy-
laxis, to demonstrate the existence of specific antibodies in
the reacting patients, and they therefore came to the conclusion
that the substance was not a true toxin but a poison of some
other kind.

Carbon and Cazzamalli 3*7 claim that by growing Asper-
gillus fumigatus, a Penicillium, Mucor racemosus, or Tricho-
derma lignorum, on maize, they made the grain so toxic that
ordinary mice fed on it became affected with skin troubles
or other signs of a pellagrous illness, whereas the original
undamaged maize did not engender any illness in the mice.
But this report conflicts with the well-established fact that
undamaged maize certainly does cause pellagra in mice. To
the toxins produced by the before-mentioned moulds, we can
therefore attribute at the most a predisposing influence.

b. The Effect of the colouring Matter of Maize, known
as Zeochin.

But before long a substance was discovered in maize
which certainly seemed to be responsible for the causation of
the skin affections forming part of the pellagra syndrome;
this was zeochin, the fluorescent colouring matter of yellow
maize. We have already learned that Horbaczewski was
able to produce pellagra in white mice by feeding them on
yellow maize and milk, whereas the same diet did not produce
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the illness in ordinary mice. He supposed that the cause of
the disease must be the alcohol-soluble colouring matter,
which, like all the fluorescent colouring matters, must, he
thought, induce a special sensibility to direct sunlight, and
indeed a hypersensibility to light in general. This view seemed
to him to be confirmed by the observation that the yellow
maize was no longer pathogenic after it had been decolourised,
whereas white mice fed on their ordinary diet became pella-
grous when this diet was supplemented with the colouring
matter, which was, however, innocuous to grey mice and
rabbits. At most in ordinary mice, injections of the solution
of the colouring matter caused local skin trouble when the
skin was exposed to the light. According to Suarez/89 the
substance administered to rabbits in the same way has a similar
effect upon these animals, but the feeding of it to ordinary
mice has no effect at all. These statements were confirmed
by Raubitschek,^ who also reported that zeochin caused
skin trouble only in albinos, and only under the influence of
light on the skin. Ummes,245 in like manner, regarded the
fluorescent colouring matter of yellow maize as the cause of
the skin troubles. All the mice fed on maize soon succumbed,
whether the maize was yellow or white; but only when the
yellow maize was given did the animal become affected with
erythema. The other symptoms of pellagra were supposed
to be due to an alcohol-soluble toxin present in maize.

Plausible as this explanation might seem, good reasons
for doubting its validity were soon forthcoming. First of
all, it is a familiar fact that albinos in general and white mice
in particular are much weaker and less resistant than pig-
mented animals of the same species. Ummes himself points
out that white mice perish from starvation more quickly in
the light than in the dark. Furthermore, Rondoni l64 proved
that white light is, in general, noxious to white mice; also
that a maize diet causes pellagra in mice even in the dark,
the animals pining, and suffering from a patchy loss of fur.
Rondoni was unable to ascertain that the onset of the disease
was hastened by the influence of light. The careful investiga-
tions of Hirschfelder 2S° showed with considerable probability
that the zeochin had nothing to do with the case ! THe idea
had, of course, been that the colouring matter was absorbed
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into the blood, and that its fluorescence made the blood more
sensitive. Hirschfelder was able to show that although the
blood-serum of pellagra patients was certainly fluorescent,
the fluorescence was no greater than that of the normal serum
of healthy persons, and that the tint was precisely the same
in the healthy and in the diseased. Moreover, Urbeanu8

had proved that white maize, which contains no colouring
matter, is much more strongly pellagrogenic than yellow
maize.

It is as well to point out that the morbific influence of
maize seems to diminish with time. Bezzola80 noted that
maize kept in store for a year had even, after boiling, no ill
effect on rats, whether the maize was good or damaged. I t is
doubtful if this investigator's experiments were carried on for
a sufficiently long time, but Nitzescu 406 claims to have definitely
proved that new maize is more toxic to dogs than the stored
grain.

c. The Effect of the Maize Toxin.
Like Ummes, and simultaneously, Rondoni *44 expressed

the opinion that the specific manifestations of pellagra were
due to a toxin in maize; but he left undecided the question
whether this toxin was originally present in the maize or was
not produced in it until the grain had been damaged by
fermentation or putrefaction. He inclined to the latter view,
finding that an aqueous extract made from damaged maize
gave rise, even in healthy persons, to a slight reaction, taking
the form of a moderate rise in temperature, of dizziness, and
of malaise. Since, further, Rondoni discovered that this
reaction was stronger in pellagra patients than in healthy
persons, it seemed to him that there could hardly be any
doubt as to its specificity. Nevertheless, though Volpino and
his collaborators lB9> p° had maintained that the reaction was
violent in pellagra patients (having the nature, they said, of
anaphylaxis), Rondoni was unable to confirm this observation.
He therefore felt it impossible to maintain that the unmis-
takable hypersensibility to the maize protein was really of
etiological importance.

Rondoni's conclusion was sustained by a subsequent
research of Volpino's own.3&> Volpino found, indeed, tha t
90 % of pellagra patients were hypersensitive to the decom-
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position products of maize protein, but he found also that
20 % of perfectly healthy persons were no less hypersensitive.
Such a reaction can hardly be regarded as specific. It was,
moreover, impossible by the injection of the so-called pella-
grogenin to induce a passive anaphylaxis in guineapigs,
though this would have been essential had the theory been
sound. Lui and Baccelli*64 likewise reported that the
precipitin reaction was not to be trusted for an early diagnosis,
seeing that it was not invariable, though it was usually present
in the early stages and in the acute exacerbations of the
disease, whether intestinal disorder was present or not. But
the sera of perfectly healthy persons would also give a similar
reaction at times.

Volpino reported, too, that his pellagrogenin did not
induce complement formation or a specific precipitin reaction
in the serum of pellagra patients—although he believed that
by repeated injections of a 10 % solution he ultimately pro-
duced a certain degree of immunity, seeing that the animals
thus treated remained longer immune to the harmful conse-
quences of a maize diet. When we recall, however, how much
the period of incubation varies according to the internal
condition and the outward circumstances of pellagra patients,
we shall not be inclined to regard this deduction as of much
value.

Other observers considered that the injuriousness of the
maize depends upon the digestive disorders it evokes. They
said that Behring's extensive researches into the pathology
of tuberculosis had shown that when there was intestinal
disorder it was possible for undecomposed albumin to pass
directly into the circulation. In maize feeding, they supposed
that the zein in particular was thus absorbed, and gave rise
to hypersensitiveness. Especially they maintained that the
blood of pellagra patients contained ferments which decom-
posed zein, ferments whose existence had been proved by the
researches of Nitzescu.359,399, 406, 442 But Babes and Jonescu 394
were able to show that Abderhalden's reaction to the zein-
decomposing ferments is not invariable in the blood of pellagra
patients, and that it is fairly common in the blood of healthy
persons if some transient gastro-intestinal disorder happens
to facilitate the absorption of undecomposed zein,
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Gosio had asserted that the blood-serum of pellagra
patients contained a precipitin that acted on maize protein,
but Rondoni J58 found that this reaction was not peculiar to
pellagra patients. Like Abderhalden's defensive-ferment
reaction, it is exhibited by the serum of normal persons, just
as in the case of all the other vegetable extracts. Moreover,
according to Carletti,l8° neither heteroprecipitms nor maize-
precipitins are regularly found in the blood of pellagra patients.
The occasional presence of such precipitins will certainly not
explain the problems of the etiology of pellagra. The blood
of the patients is sometimes hypertoxic for other persons,
but it is very doubtful whether there can be much connexion
between this and the maize diet.

Similar was the trend of the researches of Lucatello and
Carletti,161 who found that antigens from the spleen and
adrenals of pellagra patients sometimes induced comple-
ment formation, but that none of the antigens gave a posi-
tive reaction with the serum in all cases. The attempts of
Volpino and Bordoni 463 to induce active immunity were able
in guineapigs to secure no more than a " postponement" of
death, and in human beings to bring about " moderate
improvement." Volpino's claims that the injection of maize
extract in pellagra patients can induce an active immunity,
and that in like manner a long continuance of a maize diet
ultimately leads to the acquirement of immunity against
maize protein, are in such flagrant conflict with generally
observed facts, that there must obviously have been some
error of experiment or interpretation on Volpino's part.

There is no doubt that zein can make its way through
the diseased mucous membrance 359, 394,406, 742 • b u t it has
been rendered equally certain by Rondoni's experiments 348
that in pellagra we have no ground for supposing that a
hypersensibility to maize protein is the cause of the disease.
Raubitschek *63 was also unable to discover any invariable
changes in the serological behaviour of the blood in pellagra
patients. We must, therefore, seek other causes for the
disease.

d. The Inadequacy of Maize Protein.

When the work of American investigators directed atten-
tion to the importance of the biological value of protein, its
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adequacy or inadequacy, in relation to health and disease,
it was supposed that the riddle of pellagra had been solved.
The work of Osborne and Mendel,2I7 and that of Funk,3*3
had made it perfectly clear that zein is inadequate. Albertoni
and Tullio 337 devoted special attention to the adequacy of
the maize proteins in human diet. They came to the conclu-
sion that maize is more slowly digested than other cereals,
and is therefore more prone to give rise to putrefactive phenom-
ena in the alimentary canal; that, generally speaking, maize
protein is badly utilised ; and that if any accumulation of
nitrogen within the body should occur in children on a maize
diet, this is not due to nitrogenous tissue growth but to the
retention of nitrogenous waste products. They therefore
came to the conclusion that the injuriousness of maize diet
must depend upon the lack of certain nitrogenous tissue
builders in the maize protein. Baglioni 393 likewise found
that both zein and gliadin were inadequate, and that any
storage of nitrogen that occurred when these were the main
proteins in the diet must be due to the retention of waste
products, seeing that despite this retention there was a steady
loss of weight. Rohmann,47^ and more recently Boyd,1066

regard the inadequacy of maize protein as the main cause of
pellagra, though Boyd is careful to explain that there must
be other factors. Nitzescu 44* was led by the researches of
Albertoni and Tullio and by those of Baglioni to modify his
views in the same direction, coming to believe that pellagra
must be partly due to the inadequacy of zein and partly to
the absorption of unmodified maize protein. Raubitschek *63
had come to the same conclusion at an earlier date. In like
manner, immediately after Osborne's researches were pub-
lished, Centanni and Galassi293 accepted the idea that the
inadequacy of maize protein must be the main cause of
pellagra; the photodynamically activating influence of
zeochin was a contributory but quite minor factor.

e. North American Experience.
Whilst a study of Italian conditions had thus enforced the

conviction that the main cause of the symptoms of pellagra
must be directly or indirectly connected with the food, that
pellagra must be due to a maize diet, another turn was being
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given to the question by North American experience. I have
already mentioned that a commission appointed by the
United States Government was at first inclined to believe
that pellagra must be an infective disorder, but that this
opinion was subsequently abandoned. At the outset, Siler,
Garrison, and McNeal 364 insisted that pellagra could not be
due solely to a maize diet, and indeed that there seemed to
be no necessary connexion between the disease and diet.
This view was supported by the investigations of Chittenden
and Underhill,559 who found that dogs quickly became affected
with severe pellagra on a diet of boiled bean flour or pea
flour, wheaten flour, biscuit, and cottonseed or linseed oil,
although the nitrogenous balance was maintained. When
the diet was supplemented with meat, a cure ensued if the
change had been made early enough. In a critical study of
these researches, McCollum and Simmonds 69* pointed out
that the pathogenic diet had contained rather low-grade
proteins, had been defective in respect of A and B, and had
been most unsatisfactory as regards its inorganic ingredients.
It was a mistake, they said, to think only of proteins when
studying the etiology of this disease; all the other constituents
of the diet must be taken into account. Elsewhere, they drew
attention to the importance of the law of the minimum in
this connexion. It was impossible, they said, when considering
the pathogenic factors, to specify the minimal requirement of
any nutrient unless the investigator was aware of the biological
value of all the other constituents of the diet.

We need not attach much importance to the statement
of Jobling and Petersen,534 with regard to an epidemic of
pellagra in Nashville, Tennessee, that the diet of those affected
had usually contained sufficient protein. They give no in-
formation concerning the biological value of the protein or
concerning the other constituents of the diet. Far more
important is Funk's observation 303 that the endosperm of
the maize grain, just like polished rice, consists mainly of
starch and is extremely poor in other nutrients. Still, the
observation has not much bearing upon the problem we are
now considering, for in pellagrogenic diets the whole grain of
the maize is commonly used, and we have learned above that
the pure endosperm induces beriberi, not pellagra.
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In Italy it was Bravetta110* who first observed the
occurrence of pellagra independently of a maize diet. He
found that many cases of pellagra originated in Italian
lunatic asylums, although the diet was abundant, varied, and
contained a sufficiency of proteins and vitamins. He noticed,
however, that the patients who became affected with pellagra
were always weakly and cachectic; and we know that in
asylums, just as among neurasthenics who are not under
restraint, an almost maniacal aversion to certain articles of
diet is common. In such cases the diet actually consumed
may be extremely ill-balanced, although plenty of good food
is there for the taking. We may assume with considerable
probability that this accounts for the cases observed by
Bravetta.

/ . Specific Importance of Protein Deficiency.
The earlier views regarding the importance of protein have

often tended to interfere with the attainment of definite
knowledge of this matter. It is doubtless owing to an exag-
gerated valuation of protein that Bigland JI37 and Chick and
Hume IIoS have come to regard a deficiency of protein as the
main cause of pellagra. Chick and Hume, giving a diet other-
wise adequate, but in which the protein consisted of maize
gluten, were unable to induce any pellagroid symptoms
(erythema excepted) ; more especially, the experimental
animals exhibited no sign of the typical nervous disorders.
On the other hand, we have just learned that Bravetta noted
the onset of pellagra in persons whose diet was apparently
well provided with proteins. Goldberger, Wheeler, and
Sydenstricker,1101 studying the domestic economy in North
America in households where pellagra occurred and in those
where there was no pellagra, could not detect any definite
relationship between the incidence of the disease and either
the calorie content or the protein content of the diet.

The last-mentioned authorities noted, indeed, that before
the outbreak of the disease the diet of the pellagra patients
had been poor in products of animal origin, especially in milk
products and in eggs. On the other hand the illness occurred
indifferently upon diets in which maize, wheat, and ripe pulses
were respectively predominant. They therefore inferred that
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protein inadequacy must be one of the factors of pellagra.
The before-mentioned experiments of Goldberger and
Wheeler IZ57 on criminals, and the investigations of Boyd Il87
concerning the outbreak of pellagra among the Turkish
prisoners of war at El Kantara, have the same bearing. In
the El Kantara cases, rest and the supply of high-grade
protein had excellent results.

g. Pellagra and Malnutritional Oedema.
Bigland IO37 is inclined to regard pellagra as due to malnutri-

tion, and he assimilates the disease to malnutritional oedema.
But Bigland's own observation,1^? and those of Enright,XI76
upon the German prisoners of war in Egypt who became
affected with pellagra, conflict with this theory, for both these
authorities expressly declare that there was no malnutrition
in the ordinary sense of the term. Conversely, Harris,1062

who studied the incidence of pellagra in Italy during the war,
tells us that although the nutritive conditions were wretched,
there was a definite decline in the frequency of this disease.

h. Vitamin Deficiency.
Ruhl,439 McCollum, Simmonds, and Parsons,^1 and

Bravetta,1103 agree in declaring that, despite the important
part played by the nervous symptoms, a lack of Funk's
vitamin cannot be the cause of pellagra, seeing that the
pathogenic diets have always contained an ample supply of
this substance. The difference between vitamin deficiency
and pellagra is obvious in any case. In vitamin deficiency,
the pareses are the outcome of degenerative changes in the
muscles, or perhaps of degeneration in the distal ramifications
of the peripheral nerves. In pellagra, on the other hand,
the degeneration affects the central nervous system.

i. Complettin Deficiency.
It is, however, often asserted that a lack of other complettins

is the cause of pellagra. Nightingale^8 indeed, holds the
mistaken view that pellagra and zeism occur only as the out-
come of a diet of hulled maize, and this leads him to suppose
that a general complettin deficiency is the cause, McColluni,
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Simmonds, and Parsons 69X correct this view by maintaining
that, whilst there is no lack of Funk's vitamin, a deficiency
of A or of B, or of both (in conjunction with other factors),
must be of etiological importance. In another paper,878

indeed, the same authorities restrict the importance of com-
plettin deficiency yet further, for they say that this deficiency
must act by lowering the resistance to infection, and that
the main cause must be an infective agent. Goldberger,
Wheeler, and Sydenstricker,1101* "57 on the other hand, consider
that complettin deficiency is a direct cause, although other
factors must cooperate for the production of the typical
pellagra syndrome. A similar view was expressed by
Hopkins Io66 in the oft-quoted discussion of British medical
authorities regarding the clinical importance of the complettins
(London, 1920).

h. The Effect of inorganic Nutrients,
We have seen that almost all the constituents of our diet

have in turn been looked upon as more or less directly
responsible for the causation of pellagra. The only dietetic
factor still to be considered is that of the inorganic nutrients,
and we find that some authorities insist upon their importance
in this connexion* The first to pay attention to inorganic
metabolism in pellagra, and the only experimentalist who
has made systematic researches in that field, was the Rumanian
physician Urbeanu.8 He was, indeed, the first to approach
the problems of pellagra by the experimental route; and in
his latest publication 5*5 he has been able to record a large
number of protracted experiments on animals, extending in
some cases to the fifth or sixth generation. Urbeanu was
struck by the fact that maize is very poor in inorganic nutri-
ents ; that there is a general lack of bases, but also a lack of
phosphorus; and that in this respect white maize is worse
equipped than yellow maize. His experiments on dogs,
guineapigs, fowls, pigeons, and human beings, invariably
showed that white maize was far more dangerous than yellow.
Although he does not deny that the lack of phosphorus may
have some importance, he considers that the general deficiency
of bases must be the main cause of injury. Limitations were
imposed upon his researches by the lack of opportunity for
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elaborate analyses, and he was therefore chiefly concerned
with ascertaining the quantities of potassium provided in
the food and dealt with by the metabolic processes—starting
from the fact that in vegetable nutrients (and, indeed, in
animal nutrients as well) potassium is greatly predominant
among the bases of the ash. He found, moreover, that the
nutrients which have a curative influence, especially potatoes
and green vegetables, are extremely rich in potassium. In
his writings, therefore, he refers almost exclusively to potas-
sium among the inorganic nutrients, although he says that
potassium is to be taken as representative of the inorganic
nutrients in general.

Feeding fowls on an exclusive maize diet, he found that
the mere addition of calcium carbonate sufficed to prevent
the appearance of pellagrous symptoms. Calcium phosphate
was less successful than calcium carbonate ; generally speaking,
as far as white maize was concerned, calcium carbonate had
to be given as well as the phosphate. This is in conformity
with Nicolaidi's observation *85 that, even in healthy persons,
on an ill-balanced maize diet the calcium and magnesium
balance became negative, whereas the phosphorus balance
remained positive.

Although in one of their papers, Goldberger and Wheeler "57
leave the question open whether an inadequate supply of
inorganic nutrients may not be responsible for the etiology
of pellagra, in another publication II01 they definitely commit
themselves to the opinion that this lack is of crucial importance.
In conformity herewith, Centanni and Galassi293 found that
guineapigs, which in general are extremely sensitive to the
injurious effect of maize feeding and of feeding with other
grains, throve upon a maize diet adequately supplemented
with green fodder.

We have already seen that all the cereals, including maize,
have 3, low excess of bases and a poor calcium content. It
would be very remarkable should the law of the minimum
fail to be valid where a diet of this grain is concerned.6^

/
/. The Effect of Silicic Acid.

Alessandrini and Scala,3«> 33&, 356 who also refer the causa-
tion of pellagra to the peculiarities of inorganic metabolism,
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have a favourite theory in this respect, which is doubtless
connected with opinions that have been recorded concerning
the origin of goitre. They state that in regions where
pellagra is prevalent the drinking water is exceptionally rich
in colloidal silicic acid, and they say that they have proof
that this excess of silicic acid is the real cause of pellagra,
maize feeding being no more than a predisposing cause. They
believe that the effect of the silicic acid is reinforced by the
effects of calcium chloride [!] and aluminium hydrate.
Voegtlin,39& who has obviously been influenced by Alessandrini
and Scala, contends that the aluminium found in many vege-
tables is one of the factors of the disease. Recently, however,
Breest 127I has definitely established that whereas the ingestion
of soluble silicic acid, and still more the ingestion of soluble
silicates, may lead to a certain accumulation of silicic acid
in the animal organism, colloidal silicic acid is not absorbed,
and the animals ingesting it remain perfectly healthy if their
diet is otherwise satisfactory. Seeing that Alessandrini and
Scala found that the troubles they supposed to be due to
silicic acid were perfectly relieved by alkalies or by calcium
carbonate, we must suppose that the lesions met with in
their researches were local or general effects solely due to the
influence of acidity. What they tell us of the morbid anatomy
of the affections confirms this theory.

m. Mental Influences.

Finally, it is necessary to point out that in pellagra, as
in all other nutritive disorders, the onset of the disease may
be greatly influenced by psychical causes.I007 Homesickness,
anxiety, sorrow, anything that causes mental depression, may
notably accelerate the appearance of pellagra.

n. Complications.

The association of pellagra and scurvy is fairly common,1?*
but an association of pellagra and beriberi has not hitherto
been noticed. It must be remembered that the period of
incubation of beriberi is brief and that the onset of the illness
is acute, whereas typical pellagra has an incubation period
lasting several years
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5. SUMMARY.

Anyone who wishes to ascertain the cause of a nutritive
disorder, must be acquainted with the factors that can effect
a cure. A comparison of the remedial diet with the pathogenic
diet affords the quickest way of learning what constituents
of the latter, whether by excess or by defect, must be held
accountable for the various symptoms of the disease. The
first thing we have to note is that in pellagra, as in other
nutritive disorders, the simple addition of butter to the
faulty diet tends to make matters worse rather than better.1^8

Enright "7* reports that a diet of bread, meat, and eggs is
beneficial; but it cannot be said that his results were particu-
larly encouraging, although as he was dealing with prisoners
of war most of his cases were of recent origin. Of the 65
cases under his care, only 46-1 % were cured, and 33-8 %
improved (with marked increase in weight) ; but in a freshly
developed nutritive disorder one might have expected much
better results.

Boyd,Il87 whose experience was also made in Egypt, but
among Turkish prisoners of war, considers that, in addition
to rest, the supply of a high-grade protein is the most important
remedial measure. The provision of protein of high biological
value and the simultaneous suspension of work, led to a
sudden fall in the number of cases reported.

As soon as the inadequacy of the protein in the pathogenic
diet had been recognised, as a matter of course the improve-
ment of the quality of the protein was seen to be.the first
essential for the remedial diet. McCollum, Simmonds, and
Parsons 878 report that milk and milk products form the best
supplements to a faulty diet. Roberts,I007 in like manner,
demands that the diet shall contain lean meat, eggs, butter,
and milk. Apart from Urbeanu, Roberts seems to have been
the only authority to stress the great value, in addition, of
vegetables rich in bases (this implying the avoidance of ripe
pulses!). He informs us that in the United States, where
during the last twenty years there have been about half a
million cases of pellagra with a mortality of 10 %, the number
and the severity of the attacks has notably declined since
defective nutrition has been recognised to be the main cause
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of the disease. In former days, the largest proportion of the
deaths registered as due to pellagra were in cases of typhus
pellagrosus; this acute form of the disease is now rare; on
the other hand there has been a notable increase in the propor-
tion of slight cases. These lesser cases are apt to be over-
looked, especially when there is no dermatitis (" pellagra
sine pellagra").

Nevertheless it must not be forgotten that the inadequacy
of the protein in the pathogenic diet can by no means account
for all the features of the pellagra syndrome. Innumerable
experiments upon feeding with an inadequate protein have
been made, especially by the American school. Some of these
have been carried out for several generations of the experi-
mental animals, and as long as the diet has been in other
respects adequate, no disease resembling pellagra has ever
been induced. The results of protein inadequacy are : arrest
of weight or loss of weight, refusal of food, cachexia, and death
from cardiac asthenia—unless, in the debilitated animal,
some complication arises to hasten the end. Although the
symptoms named are well marked in pellagra, there are other
well-marked and typical symptoms in that disease which
must be due to a different cause. The frequency of pellagra
without dermatitis in American experience makes it probable,
seeing that a maize diet certainly plays less part in causing
the disease in the United States than in Italy, that zeochin
must be the chief factor of the skin trouble. But the derma-
titis (which, moreover, may be aggravated, if not directly
excited, by an excess of common salt and of acids in the diet)
cannot be regarded as pathognomonic of pellagra. The most
characteristic symptoms are the nervous disorders, which are
obviously due to changes in the central nervous system. I t
must be admitted that we cannot as yet indicate any factor
which has a peculiar selective influence such as is certainly
exercised in pellagra upon the spinal cord and the great
nerve trunks. Here, then, is an additional point that requires
elucidation.

Perhaps the work of XJrbeanu will prove of enormous
importance in this connexion. My own innumerable observa-
tions of sick persons during the last twelve years have
convinced me that a lack of bases in the diet impairs the

21
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efficiency of the nervous system, the disorder being especially
manifested in the form of neurasthenia and of migraine.
These observations are in conformity with those of Hirschstein,
who claimed moreover that in a particular case of migraine
he obtained chemical proof that a deficiency of organically
combined sulphur was a contributory cause. This lack of
organically combined sulphur is likewise characteristic of the
pellagrogenic diet, and it is certainly remarkable that proteins
rich in cystin should be found especially valuable as ingredients
of the remedial diet.

Perhaps a lack of bases in general, and a deficiency of
calcium and potassium in particular, in conjunction with an
excess of acids and a lack of organically combined sulphur,
might in course of time induce the nerve degenerations charac-
teristic of pellagra, especially if the before-mentioned faults
in the diet were supplemented by the inadequacy of the
protein it contained, by deficiency in respect of A, B, and D,
and may be at times also by deficiency in respect of C.



CHAPTER TEN

CONCLUSION

As we have seen in the foregoing chapters, the data of the
modern doctrine of nutrition are still dispersed in thousands
of brief essays and reports. The mere collection of the writings
most essential to the understanding of the subject is a formid-
able task. A further difficulty in securing a grasp of the
material arises because in many cases an important fact
never finds direct expression. Sometimes, being taken by
the specialist as a matter of course, it is ignored and has to
be read between the lines. Other facts, again, like that of
the importance of an excess of bases in the diet, have escaped
the notice even of the experts, and have to be discovered by
a comparison of the details recorded in numerous investiga-
tions. We have no right, therefore, to reproach laymen
(and as far as this subject is concerned, medical practitioners
and the students of the chemistry of nutrients must be included
among the laity) because their views concerning the modern
theory of nutrition and the results of the experimental study
of the physiology of nutrition are so confused and obscure
—if, indeed, they have any opinions at all upon these
topics.

But even the expert finds it extremely difficult to take
a survey of the whole field, and the difficulty is especially
conspicuous in connexion with the planning and carrying out
of experiments. Thanks to the persistent endeavours of the
American school, even here there has been a certain clarifica-
tion during the last year, so that we may look forward to a
greater uniformity in future results. Systematised methods
have beep, formulated for the study of the various complettins,
and have shown themselves to be of practical use ; but their

.323]



324 VITAMINS

application demands critical faculty, judgment, a knowledge
of the literature, and wide practical experience.

i . DIFFICULTIES ATTENDANT ON MODERN EXPERIMENTS
CONCERNING NUTRITION.

What applies to the more refined methods of chemical
investigation, applies also to the experimental study of
nutrition. An investigator may have given the most detailed
accounts of his procedures, and one who endeavours to follow
in his footsteps may be most scrupulous in the attempt to
observe these prescriptions, and still the result may be unsatis-
factory. Success cannot be guaranteed until methodological
details have become automatic from long practice. Even the
most proficient analyst will not have satisfactory results
on the first occasion that he attempts to apply a complicated
method. He has to make a number of trial experiments
simply to secure familiarity with the technique.

In biochemical experiments upon nutrition the difficulties
are, however, enormously greater than in ordinary chemical
investigations, where the substance under examination is
securely confined within the walls of a glass vessel. The
material studied in the physiology of nutrition is the living
organism with its infinitely manifold individual variations,
which may be decisively modified by quite inconspicuous
circumstances.

I have repeatedly insisted that in such studies an experi-
ment lasting several months may still be too short to give
trustworthy results, and that the whole lifetime of the animal
under examination may not suffice. In such cases our only
resource is to continue the experiment for several generations.
If after five or six generations the development of the animals
is still perfectly normal, we may then assume that the condi-
tions of our trial experiments are in sufficiently close conformity
with the conditions under which the animals in question
live in a state of nature. Not until then can we safely
proceed to ascertain the effect of withdrawing one of the
constituents of the diet or of increasing the quantity of
another.

But we must be extremely critical in our interpretation of
the experiments when this stage has been reached. We are
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not dealing with chemical constants, but with living beings;
and although to our eyes they may seem as much alike as
two prints from the same negative, they are really character-
ised by marked individual variations. If the number of the
animals subjected to experiment be small, there is always a
risk that the whole research may be invalidated by these
chance variations. Not until the number of the experimental
animals is considerable, can the experimenter be certain of
avoiding such errors.

In this book there has been frequent occasion to mention
the accidents that can interfere with experimental results.
Let me remind the reader of the experiment on vitamin in
which Jhbe anijTia Is 3ie thpir own_£ aeces^.... Thifv wa «> ain nb.vioiisi v.
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apparatus designed by Robertson and Ray for investigations
on mice, it will still be necessary, in these new surroundings,
to study the undisturbed life-history of a great number of
animals before proceeding to the actual experiment. The
possibility of local variations must always be taken into
account.

2. THE COMPLETTIN CONTENT OF FOODSTUFFS.

Anyone making experiments as to the effect of complettins,
must, of course, know where they are present, and approxi-
mately how much of them the various nutrients contain. But
this question does not concern the laboratory experimentalist
alone; it is perhaps even more important to anyone who has
to prescribe diets for others. I am, in fact, besieged with
queries on this subject, not only by doctors, but also by
housewives and by the heads of institutions. I can hardly
emphasise the importance of the matter better than by quoting
a passage from Sherman and Smith's latest work.J554 I should
mention that until recently Sherman was one of the most
zealous advocates of the protein-calorie doctrine!

" If we compare the human organism to an internal
combustion engine (the traditional simile of the steam engine
is inapt), the organic nutrients constitute the fuel, the
protein and part of the inorganic nutrients form the materials
out of which the engine is made, the rest of the inorganic
nutrients represent the lubricating oil, and the complettins
play the part of the spark. . . . All these substances are
essential to the working of the machine. . . . In accordance
with the law of the minimum, any one of them can function
as the determining factor of the whole process. . . . In
scientific experiments we may devote special attention to the
supply of protein or to the provision of a sufficiency of calories.
On the other hand, when we are practically planning a di§t
or considering the nutritive requirements of a family, we shall
do better to make it our first aim to ensure the supply of a
sufficiency of those nutrients which are known to us to be
preeminent as conveyors of the necessary inorganic salts and
the complettins. Not until then need we contern ourselves
with the possibility that it may be necessary to supplement
the diet &L respect of protein or of energy by a further supply
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of some suitable nutrient. Consequently, the person respon-
sible for the diet must, above all, see to it that there shall be
a sufficiency of milk, vegetables, and fruit, thereafter, cereals
meat, fats, and sweetstuffs may be added according to the
taste, the financial resources, and the digestive powers of
the individual, and according to his needs in respect of energy.
. . . Here is a good empirical rule in reckoning dietetical
requirements. Spend at least as much upon vegetables and
fruit, and at least as much upon milk, as you spend upon
meat, fish, cereals, and sweetstuffs! " [Retranslated from
the German.]

In preparing the following table I have made use of all
the data known to me in the literature of the subject. The
employment of the very latest results of research has led
to considerable differences between my table and similar
ones that have previously been published, but I think that
my own is the most trustworthy issued to date. I describe
the content of a complettin as " enough " when the quantity
suffices, not merely to cure, but also to prevent a deficiency
disease. When the content is so considerable that even very
small quantities of the particular nutrient are effective, this
content is described as " much." Amounts that are con-
siderable, though not adequate, are denoted by the term
" little/' Insignificant amounts are described as " trace." A
zero is used to indicate that no complettin can be detected.
A query denotes that definite information is lacking (p. 328).

3. NUTRITION IN COMPLETTIN EXPERIMENTS.

Numerous standard diets have been tabulated for use in
the study of the various complettins. Seeing that again and
again new dietetic factors requiring special attention have
come to light, all the older prescriptions can unhesitatingly
be * discarded as obsolete. To-day, for researches concerning
the biological value of the different prtiteins, the recommendations
of B. Sure ll6s> x*6* are those most worthy of consideration.
For rats, he used an experimental diet consisting of dextrinised
maize starch, Osborne's latest mixture of salts, clarified
butter fat, and as conveyer of the water-soluble complettins
an alcohoSc extract of defatted wheat germs, while macerated
agar was added as roughage. By present lights, a fewfmprove-
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FLESH-MEAT, FISH, EGGS.

Muscular Tissue (fresh
meat)

Tinned Meat
Meat, frozen (not long

in store)
Meat, frozen (long in

store)
Meat, salt (not long

in store)
Meat, salt (long in

store)
Brain . .
Heart ..
Kidney
Liver . .
Spleen
Meat Extract.
Fish, lean
Fish, fat
Fish, roe
Eggs (fowl's) .

m a

Egg (white of)
Egg yolk of)

Vitamins

little
trace

Httle

trace

Httle

a trace
enough
Httle
enough
enough
Httle
trace
Httle
Httle
enough
Httle
trace
Httle

D

p
trace

Httle

?

p

p
?
p
?
p
?
p
p
?
?
P
p
?

A

little
trace

Httle

trace

Httle

trace
Httle
much
enough
much
Httle
trace
trace
Httle
Httle
enough
trace
much

B

little
trace

Httle

trace

little

trace
enough
Httle
enough
enough
Httle
little
Httle
Httle
enough ?
little
trace
enough

C

little
trace

Httle ?

trace

Httle

trace
Httle?
Httle?
Httle ?
Httle?

o?
trace

o ?
little ?
Httle?
trace ?
trace
trace?

Bfeans, haricot (freshly-
dried)

Beans, haricot (old) ..
Beans, haricot (ger-

minated)
French beans (fresh)..
Beans, soy
Beans, katjang-idjo . .
Peas (ripe)
Peas (young green) ..
Peas (germinated) . .

PULSES.

much
trace

trace
enough
much
much
enough
enough

much
?

?
enough
much
much
enough
enough

little
trace ?

trace ?
enough
trace ?

p
enough
enough

enough
trace

trace
enough
much ?
enough ?
enough
enough
much ?

trace ?
trace ?

enough
enough
trace

?
little?
enough
enough

CEREALS, SEEDS, FLOURS, BREAD.
Rye (whole grain)
Rye (fine flour)
Rye (bread, whole-

meal)
Wheat (whole grain)..
Wh^at (endosperm) . .
Wheat (germ)
Wheat (bran)
Wheat (wholemeal) . .
Wheat (bread, white,

with water)
Wheat (bread, white,

with milk)
Wheat (bread, whole-

meal, with water) ..

enough
trace

little
enough
trace
much
much
enough

little

little

enough.

enough
?

?
enough.

?
much
much
enough

little

little

en6ugh

little
trace

little
little
trace
little
little
trace

?

little

little

enough
trace

little
enough
trace
much
enough
enough

little

little

little

little ?
trace

?
trace
trace
trace
trace
trace

trace

?

?
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Wheat (bread, whole-
meal, with milk) . .

Barley (whole grain)..
Barley (groats)
Oats (rolled) . .
Malt (green)
Millet
Rice (unpolished)
Rice (polished)
Maize (yellow, whole

grain)
Maize (white, whole

grain)
Maize (fine flour, maiz-

ena)
Cotton seeds
Cotton seeds (fine

meal)
Linseed
Hemp seeds

Earth-nuts . .
Hazel nuts
Hickory nuts
Chestnuts (Spanish)
Cocoanut
Cocoanut (cake)
Almonds (sweet)
Para nuts
Pine kernels . .
Walnuts

Apples
Oranges
Oranges (juice)
Bananas
Pears
Cocum
Grape-fruit . .
Raspberries . .
Limes
Mangoes
Mulberries
Mulberries (dwarf)
Plums
Tomatoes
Tomatoes (boiled)
Grapes
Grape juice . .
Lemons (ripe)
Lemons (green)

Vitamins

enough
enough
enough
enough
enough ?
enough
much

trace

enough

enough
trace
enough

enough
?
?

enough
enough

?
enough ?

enough

enough

p
?
?

NUTS.

enoug
little
little
little
little
little
little

trace

little

trace
trace
little

trace
little
little

FRUITS.

enough ?
enough
little
little
enough ?
enough ?
enough
trace

enough

enough ?

trace
enough

trace

enough
enough
enough
little
enough
much.
little
enough
little
enough

enough
enough
enough

?
enough
much

p
enough

?
enough

little
trace ?
trace?
trace ?
little
trace
little
trace
little
trace?

enough
enough
enough
enough
enough
much
little
enough
little
little

Httle
enough
enough
enough
little

r
enough

Httle
?
r
?

Httle
much
much
enough
little
enough
much

?
enough
enough
enough

?
r

enough
??
?
r
?
?

much
much
enough

?
enough
much

little
little
trace
little
trace ?

?
r>r

trace ?
?
r
?
?

much
much

?
Httle ?
little
much

Httle
much
enough
enough
little

t
enough

r
enough

•\i
?

Httle
much
much
enough
little
enough
much

p
trace
trace
trace
enough

o ?
trace
trace

trace

trace

trace
enough

trace

trace ?

trace ?
trace ?

little
much
much
much
trace ?
Httle
enough
much
Httle
little
little
much

?
much
much
enough
enough
much
much 2.
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Lemons (juice of com-
merce)

Tamarinds (dried)

Vitamins

p
p

D

p

A

p

B

p

C

enough
little

ROOTS AND TUBERS.
Sweet potatoes
Potatoes (raw)
Potatoes (boiled

one hour) . .
Potatoes (dried)
Carrots (raw)
Carrots (boiled)
Carrots (juice)
Parsnips
Radishes
Beetroots
Turnips
Kohlrabi
Mangel-wurzels
Swedes

for

little
enough

enough
enough
enough
little
much
enough
little
little
enough
enough
enough
enough

little
enough

enough
enough
enough
little
much
enough

?
p

enough
enough
enough
enough

enough
little

little
little
enough
enough
enough
little
trace ?

?
little
enough
enough
trace ?

little
enough

enough
enough ?
enough
little
much
enough
little
little
enough
enough
enough
enough

GREEN VEGETABLES, LEAVES, ETC.
Artichokes
Lucerne
Green leaves . .
Cauliflower
Dasheen
Egg-plant
Grass
Green cabbage
Cucumber
Hay
Clover (fresh)..
Lettuce
Cresses
Timothy grass
Dandelion leaves
Rhubarb (stalk)
Pickled cabbage (Sauer-

kraut)
Celery
Spinach (raw)
Spinach (boiled)
Spinach (dried)
Pumpkin (squash) . .
White cabbage (raw) .
White cabbage (boiled)
White cabbage (dried)
Onions

little
much
much
enough
little
enough
enough
enough
little
enough
much
enough

enough
enough

p
much
enough
enough

much
enough
enough
enough

p
much
much
enough

?
enough
enough
enough

?
?

much
enough

enough
enough

p
much
enough
enough

much
enough
enough
enough

enough
much
much
little
trace

p
much
much

p
enough
much
enough

much
much

\

much
much
much
enough
enough
enough
little
trace

little
much
enough
enough
little
enough
much
much
little
enough
much
enough

much
enough

little
much
enough
enough

much
enough
enough
enough

MILK AND MILK PRODUCTS
Human milk . .
Cow's milk . .

enough
enough

enough
etaough

much | enough
much enough

trace
much

enough
little
enough
little
much

trace ?
p

much
much
enough
much

p
much
enough
little
little
trace
enough
much
much
trace
much
much
little
enough
enough
little

p
much
enough
trace

much
enough
little
enough

enough
variable
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Cow's milk (scalded
only)

Cow's milk (pasteur-
ised)

Cow's milk (con-
densed)

Cow's milk (dried
slowly)

Cow's milk (dried in-
stantaneously)

Cow's milk (skim-) . .
Cow's milk (butter-) ..
Butter
Cream
Cheese (skim-milk) . .
Cheese (full-milk) . .

Cottonseed oil
Eggfat
Earth-nut oil
Fish oil
Cocoanut oil . .
Codliver oil . .
Linseed oil
Maize oil
Almond oil . .
Margarine (vegetable).
Margarine (animal) . .
Nut oil
Oleomargarine (olein).
Olive oil
Orange-peel oil
Palm oil
Horse fat
Beef fat
Mutton fat . .
Pig fat (kidney fat) . .
Pig fat (lard)
Suet
Stearin
Whale oil

Yeast
Yeast (dried) . .
Yeast (extract)

Vitamins

enough

little

enough ?

trace

enough
enough
enough
trace
enough
trace
trace

enough

little

enough ?

7

enough
enough
enough

enough

much

much

much,

much

much.
little
little
much
much
little
enough

YEAST PRODUCTS.

enough

little

enough ?

trace

enough
enough
enough
trace
enough

?

SUGARS AND STARCHES.

FATS
?
0
0
0
0
0 ?
0
0
0
0
0
0
0
0

trace ?
0
0
0
0
0
0
0
0

trace ?

AND OILS.
?
0
0
0
0
0 ?
0
0
0
0
0
0
0
0

trace ?
0
0
0
0
0
0
0
0
?

little
much
trace
much
trace
much
trace
little
trace
trace
little
trace
little
trace
enough
little
little
little
little
enough
trace
little
trace
enough

?
0
0
0
0
0 ?
0
0
0
0
0
0
0
0

trace ?
0
0
0
0
0
0
0
0

trace ?

much
enough
much

much
enough
much

much
trace
trace

trace
enough
much

variable

trace

trace

trace

variable
variable
variable
trace ?
variable

o
o
o
o
o
o
o
o
o
o
o
o
o

trace ?
o
o
o
o
o
o
o
o
o

trace
trace
trace

Sugar (refined)
Honey..
Honey (artificial)
Starch

0

little
0

trace

0
0 ?
0
0 ?

0
0
0
0

0
0
0

0 ?

0
0
0
0
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ments might be suggested. Potato starch would be preferable
to maize starch, for the latter contains traces of colouring
matter which might prove injurious (especially to white mice
and white rats). The salt mixture could be bettered by
increasing the dose of calcium carbonate to about 170 grammes;
the small quantity of manganese sulphate should be replaced
by 10 grammes of manganese citrate; the magnesia should
be increased to 20 grammes; the phosphoric acid should be
reduced to 60 grammes; and, finally, 5 grammes of crystalline
sodium silicate should be added to the mixture. I t still
remains to be decided whether this mixture will prove adequate
for several successive generations of the experimental animals.
(See next paragraph.) The use of wheat germs instead of the
yeast extract that has hitherto been customary is not a
desirable change, for we have seen that wheat germs are
comparatively poor in complettins. Better than either would
be an extract of young clover not yet flowering or of young
spinach, precipitated with alcohol to get rid of the proteins
and then heated for a short time to 60 ° C. Of course all
these extracts contain ammo-acids, which must on no account
be left out of the reckoning.

In experiments on the inorganic nutrients, the protein of
the diet should be supplied in the form of carefully purified
casein and lactalbumin ; the other constituents of the food
should be pure potato starch, macerated agar, clarified melted
butter fat, and the improved salt mixture just described.
Special series of experiments should immediately be under-
taken to ascertain whether the experimental animals can
really thrive for a number of generations without a trifling
addition of copper and zinc to the diet. In experiments upon,
the various forms of combination of phosphoric acid and of
sulphur, it must not be forgotten that the proteins and the
butter contain these substances, and that the amount of
them in the macerated agar is by no means negligible. The
experimenter must also bear in mind that the most sedulously
purified nutrients always contain quantities of ash wMch may
in certain circumstances be of decisive importance. Let me
remind the reader of what was said in the third chapter anent
the phosphorus content of edestin, and also of my own
experience that purified fats invariably contain organically
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combined sulphur. Hence it is perhaps better to use a
chemically pure filter paper as roughage.

In experiments upon the action of the real vitamins
(Funk's), difficulties arise which have been especially stressed
by Sinionnet.^01 Hitherto these experiments have usually
been made with nutrients which in other respects were extremely
inadequate, and it is doubtless for this reason that the morbid
anatomy of beriberi and experimental polyneuritis is so
diversified. Simonnet recommends the following experi-
mental diet: meat, thoroughly boiled and pressed, then
extracted twice with boiling alcohol and once with ether,
I I grammes; Osborne's salt mixture, 4 grammes; agar
powder, 5 grammes; earth-nut oil, 5 grammes; butter fat,
10 grammes ; quantitative filter paper, 5 grammes ; potato
starch, 60 grammes. After mixing with 80 % of distilled
water, the mixture is given to pigeons by cramming, the daily
allowance amounting to half the weight of the birds. Both
B and C are lacking in this mixture as well as vitamin; but
the lack of B and C is of comparatively little importance,
for it has not time to make itself felt owing to the rapid develop-
ment of the consequences of vitamin deficiency. There is,
however, one grave defect in Simonnet's recommendations;
they take no account of the difference in the respective effects
of vitamins and the water-soluble antineuritic D. The
problem of the origin of the various forms of polyneuritis
cannot be solved without the recognition of this difference.
We have learned that the two classes of substances unques-
tionably make their lack felt in different parts of the organism.
As yet we have no trustworthy method by which Funk's
vitamin and water-soluble D can be wholly separated each
from the other, and in this department of the research the
discovery of such a method must be our immediate task.
Next comes an additional point to be considered. I t has
hitherto been assumed that the lack of B in these experi-
ments is of no moment, for the incubation period of polyneu-
ritis is so short that B deficiency cannot make itself felt. It
is nevertheless possible that even in so brief a period the lack
of B may take effect, especially upon the glands. Moreover,
we have already notedfthat C deficiency is probably the cause
of the trifling haemorrhages sometimes met with in cases of
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polyneuritis. We must, therefore, endeavour to discover
ways and means of freeing B and C from vitamins and the
water-soluble antineuritic D, so that a sufficiency of B and
C may be added to the experimental diet.

When studying the conditions of growth, the experimenter
will naturally regulate the experimental diet with an eye to
the special problem under examination, but he must take
the utmost care that in other respects the diet shall be
adequate. A study of the fat-soluble complettin is a fairly
easy matter, for this complettin is readily destroyed by
oxidising agents. But it must not be forgotten that the
complettin C, whose presence in the diet is absolutely indis-
pensable in these cases, is likewise sensitive to oxidising
agents, and may therefore be destroyed by the methods used
for the removal of A. Similar and more formidable difficulties
arise in the study of the effects of B, for the means employed
to free the diet from B are apt to destroy D and C as well.
There is still a good deal to be cleared up in connexion with
such matters, and much further work will be requisite before
it will be possible to provide a throughly satisfactory experi-
mental diet suitable for each particular type of investigation.
As an example of the technique of these investigations, I
may refer to Osborne and Mendel's latest publication,X33r

with the remark, however, that the diet there mentioned is
designed solely with regard to the fat requirements of the
experimental animals, and contains a source of fallacy even
there. Dried, pulverised meat cannot be completely defatted
by extraction with alcohol and ether, and in the prescribed
diet the meat powder of the daily ration will still contain
about o*4 grammes of fat.

Byfield, Daniels, and Loughlin "53 tabulate an excellent
fundamental diet which they suppose to be satisfactory even
in respect of the absence of the water-soluble complettins.
But they were investigating the problem as to whether vitamin
and B are identical, and obviously the diet they recommend
is quite unsuitable for the purposes of this investigation,
seeing that the deficiencies of vitamin, B, C, and D reinforce
one another. Moreover, in experiments on growth-factors,
casein should not be the only source of protein,f seeing that
this protein is not wholly adequate for the growing organism.
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We must either give an approximately equal quantity of
lactalbumin in addition, or else, following Osborne and
Mendel's example, use meat protein purified as thoroughly
as possible.

An experimental diet for the study of the effects of
B-containing extracts is not difficult to arrange. It should
consist of meat that has been pressed and thoroughly boiled
and subsequently extracted with alcohol and ether, starch
similarly extracted, salt mixture, and filter paper. The
allowance of fat must be kept for several hours at a tempera-
ture ranging from 1200 to 1300 C. with air passing through
it all the time, to free it from A. As conveyer of the water-
soluble complettins, a vegetable extract will be used, freed
from A by extraction with alcohol and ether. The small
quantities of vitamin or of water-soluble complettins which
may pass off in solution when the inspissated extract is being
extracted in vacuo are negligible provided a sufficient amount
of the extract be added to the diet.

For the study of the effect of the antiscorbutic complettin
0, it is likewise comparatively easy to arrange a diet that
shall be adequate in other respects. This diet will consist
of pure proteins, dextrinised starch, a fat (preferably butter
fat as conveyor of A), filter paper, and salts. As conveyers
of the other water-soluble complettins, we shall use an
expressed vegetable juice, spinach juice for instance, in which
the C has been destroyed by evaporation to dryness in vacuo
at a temperature ranging from 6o° to 700 C.

The foregoing indications as to experimental diets have
no claim to completeness. They are merely intended <o show
that, despite the elaborately developed technique, the diffi-
culties to be reckoned with in these experiments are still
extensive; and to show, further, that all the problems are
still in a state of flux. A great deal more work will have to
be done before we shall possess an unexceptionable technique
even for one branch of these investigations. I t is, therefore,
rather remarkable that Aron and GralkaI386 should declare
it to be the duty of investigators henceforward, not only to
determine (as heretofore) the amount of protein, fat, carbo-
hydrates, and inorganic salts the nutrients contain, but to
ascertain also by experiments on animals the biological value
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of these nutrients as regards protein, fat, and complettins.
Aron seems to have no idea of the amount of work that is
already imposed upon those who are studying" the biocliemistry
of nutrition, and he fails to realise the scantiness of their
resources. For such investigations as he recommends it
would be necessary to have a regular zoological garden with
a highly trained staff. No private investigators have anything
of this sort at their disposal, nor as yet can official research
laboratories command anything like it. One who reads
Aron and Gralka's paper cannot but feel ironical when he
notes that even so distinguished an investigator as Aron
himself is obviously tinaco[iiainted with the most important
researches of the last two years. In especial it must be
mentioned that the salt mixture recommended by Aron is
quite inadequate. [Furthermore, he suggests plasnion as a
source of protein, but in long-continued experiments this
protein proves inadequate.

4. THE IMMEDIATE PROBLEMS OF COMPLETTIN- RESEARCH.

What are the immediate tasks of complettin research ?
They are as follows : further study of the biological value of
the various proteins used as nutrients; an examination as
to how far there is a vital need for certain inorganic sub-
stances universally present in natural food, hut present only
in very small quantities ; the differentiation of Funk's vitamins
from the antineuritic complettin T>, and from the growth-
factor B ; a study of the function of the fat-soluble complettin
A in the organism of growing animals and adults respectively ;
finally, the isolation of the complettins in a pure state. Fur-
ther, it will be eminently desirable, in all these researches, to
seek the aid of experts in pathological anatomy, so that we
may ascertain the precise effect upon the organs and tissues
resulting from a lack of the various complettins. This know-
ledge would be of the greatest value to therapeutics. Finally,
I must insist once more that the methods hitherto employed
for the analytical determination of the inorganic constituents
of the diet, whether employed by biologists, medical practition-
ers, or biochemists, have been inadequate and misleading.
The Experimental Stations Office in Washington, U.S.A., has
recently endorsed this criticism. The utmost accuracy is
essential in such investigations.
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5. THE NEED FOR STATE AID IN EXPERIMENTS ON
NUTRITION.

It is obvious that these problems can only be studied with
success in great institutes, with the aid of large laboratories
and extensive zoological gardens, with that of a staff of
analytical, biological, and anatomical experts, and a number
of well-trained subordinate assistants. These requisites are
not fulfilled at the extant institutes attached to the universities,
for there the personnel of the staff changes so rapidly that
the trustworthiness of the results is endangered. What we
need is the foundation of large institutes with permanent
staffs whose members have an assured position. In the
United States such places may be provided by the munificence
of millionaires; but in impoverished Europe, and especially
in Germany, we must look to the State for aid. In such
matters, thrift is out of place. Every day demands its
sacrifice of the public health through errors of diet, and
thereby the whole body politic is enfeebled.

But it will not suffice that steps should at length be taken
to throw light upon the biological processes of nutrition. Of
what avail would it be that scientific experts are fully
informed concerning these matters, so long as the great mass
of the population is being ruined in health by irrational
feeding? In addition to institutes for the biochemical study
of nutrition, there must be institutes of nutritive hygiene whose
task it will be to ensure the practical application of the theoretical
acquisitions of biochemistry, to ensure that the data of the new
science of nutrition shall be realised in daily life. The con-
sciousness of the masses must be permeated with a practical
knowledge of the new science of dietetics.

22
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A, fat-soluble, 22, 138, 159, 160, 184—
187, 188, 189, 191, 194, 195, 200,
207, 208, 210, 211, 219-241 (for
Details see Table of Contents,
Chapter Six), 246, 249, 254, 265,
270, 283, 294, 295, 296, 314, 317,
322, 334, 335, 336

compounded with B, 222, 226
ABDERHALDEN, 22, 30, 31, 34, 36, 41, 42,

44, 45, 46, 48, 49, 58, 59, 73, 139,
146, 147, 148, 155, 159, 167, 193,
195, 202, 352, 367, 372, 384, 385,
389

ABDERHALDEN and BRAMMERTZ, 203,384
ABDERHALDEN andEwALD, 74, 122, 139,

360
ABDERHALDEN and GELLHORN, 379
ABDERHALDEN and KOEHLER, 194, 368
ABDERHALDEN and LAMPE, H I , 1x8,121,

346
ABDERHALDEN and SCHAUMANN, 114,

120, 137, 139, 155, 364
ABDERHALDEN andScHiFFMANN, 200,380
ABDERHALDEN and SCHMIDT, 147, 381
ABDERHALDEN and WERTHEIMER, 389
Abderhalden's Reaction, 311, 312
ABELS, 369, 380
Aberi Acid, 21, 111
Absorption, Assimilation, and Digestion

distinguished, 92
Accessory Food Factor, Term defined,

22, 23
Accidents that invalidate experimental

Results, 325
Acetic Acid, see Vinegar
Acetonuria, 78, 80, 303
Achlorhydria, 213
Achylia, 267, 274, 286, 302
Achtzig Stoffwechselversuche uber die

therapeutische Beeinflussung der ra~
chitischen Stoffwechselstorung, 353

Acid Fermentation in Bowel, 77
Acid-formers, Effect of Oxidation on

their biological Value, 94-99
Acidosis, 41, 43, 44, 65, 66, 70-75, 76-

83, 84, 87-88, 90, 103, 104, 108,
288, 294, 295, 296, 297, 298, 319,
321, 322

defined, 80
in malnutritional Oedema, 288, 294,

205
in Osteomalacia, 234
in Pellagra, 303, 319
in Scurvy, 245, 269, 270
in Sprue, 216, 217, 218

391

Acids—
Effect on C, 259, 260, 264
Effect on Walls of Bloodvessels, 288 »
Excess of, see Acidosis

Acids and Acid-formers, excess of, in
certain Nutrients, 70 et seq., 180,
182, 2i i , 216, 217 ; see also
Acidosis

ACKROYD and HOPKINS, 33, 355
Acne, 76
Acomplettinosis (terminology), 24
Activation and Activators, 156, 158
Active Tissues, 192
Addison's Disease, 302
Adenin, 117, 121
Adenoids, 209
ADKINS, 48, 376
ADLER, 366
Administration of Alkalies as a Pre-

ventive of Acidosis, 87-88
Adrenalin, 86, 121, 122, 145, 146, 152,

153,154, 239, 240, 292, 294, 295, 297
antagonised by Cholin, 295

Adrenals, 143, 144, 145, 146, 153, 201,
204, 223, 238, 239, 240, 267, 273,
285, 286, 287, 292, 294, 301, 302

Aetiologie der Beriberi, 341
Aetiologie der Pellagra vom chemischen

Standpunkt aus, 338
Agglutinin, 199
AGAR, 160, 327, 332
AGULHON and LEGROTJX, 363
Ainos, Scurvy among, 242
Air, Exposure to—

effect on Fat-soluble A, 187
Alanin, 29, 31, 32, 33, 49
Alanyl-glycin, 59
ALBERT, 351
ALBERTONI and TULLIO, 42, 313, 348
ALBRECHT and WELTMANN, 286
Albumiiruria, 300
Albumose Poisoning, 75, 311
Alcohol, 109, 195, 216
Alcoholism, 76
ALESSANDRINI, 306
ALESSANDRINI and SCALA, 318, 319, 341,

347, 348, 349
Alkalies ; see also Bases—

their Administration as a Preventive
of Acidosis, 87-88

their Effect on GrowtMactorJB), 196
their Effect on C, 256, 258, 204

Alkalosis, 78, 80
Allan toin, 121
ALLEN, B., see SHERMAN



392 VITAMINS
ALLEN, E., 364
ALLEN, F. P., see EMMET
Almond Oil, 221, 224, 331
Almonds, 50, 191, 224, 244, 269, 329
ALPAGO-NOVELLA, 307
ALSBERG, 344
Altstadt Hospital, 250
Aluminium Hydrate, 319
ALWENS, 369, 383
AMAND, 339
AMAR, 38, 40, 363
Amboceptors, 166, X99
Amenorrhoea, 235
America, see United States
American School, 323
AMEULLE, 281, 378
Aininisaticn, 167
Amino-acids, st& also Tissue Builders
Amino-acids, 121, 164 etseq.
Amino-acids, biological Value of, 29-36
Ammonia, Formatioa of, 65, 73, 74, 75 >

80, 81, 86, go
See also Acidosis

AMUNDSEN, 252
Anaemia, 265, 267, 273, 300
Anaesthesia, 286
Anaphylaxis, 308, 310, 311
Anasarca, see Oedema
ANDERSON, E, V., DUTCHER, ECKLES,

and "WILBUR, 385
ANDERSON, A. K., and FINKELSTEIN, 365
ANDREWS, 344
Animals—

Experiments on, Application of Results
to Human Beings, 174

parasitic on Vegetable Kingdom, 240,
241

ANREP and DRTJMMOND, 385
Antiberiberin, 22, 111
Antibodies, 243, 307, 308
Antigens, 312
Antineuritic Principle, see D
Antiscorbutics, 243-262
Apoplexy, 243
Appetite, X43, 149, 200, 231, 276, 279,

299, 321
APPLEMAN, 361
Apples, 191, 209, 244, 251, 329
APPLETON, 388
Aracnin, 49, 58, 59
Araclds hypogaea, see Earth-nut
Archangelsk, Scurvy in, 248, 249
Arginin, 29, 31,33,121
ARNETHS, 361
ARNOLD, 96, 349; see also TEREG and

ARNOLD
ARNSTEIN, see EPPINGER
ARON, 14, 68, 185, 189, 190, 191, 199,

212, 231, 235, 246, 297, 336, 341,
352,363,372, 378, 380

ARON and GRAUCA, 68, 335, 336,374, 384
ARON and HOCSON, 103,155, 341, 342
ARON and SAMELSON, 379
Arrest of Growth, see Growth
Arsenic—

as Remedy for Pellagra, 306
is it essential ? 67 et seg.

Arthralgia, 265
Artichoke leaves, 224

Artichokes, 330
Artificial Feeding of Infants, see Breast-

feeding
Arum, 192, 224
ASAYAMA, 355
Aschamin, 120
ASCHOFF and KOCH, W., 368
ASFORD, 51, 341
Ash, 64 et seq., 332 ; see also Salts

total, Balance, 103, 130
Asparagin, 29, 121, 290
Asparaginic Acid, 29
Aspergillus fumigatus, 307, 308
Assimilation (Utilisation) must not be

confused-with Digestion and Absorp-
tion, 92

Asthenia, see Debility
Asthenia, cardiac, 289, 297, 321
Ata, 247
A-tonicity, see Tone
Atrophy—

brown, 273
in A deficiency, 239
in B deficiency, 201
in C deficiency, 267
in malnutritional Oedema, 273, 284
in Kehlnahrschaden, 296
in Mlchnahrschaden, 297
in "Vitamin deficiency, 143, 154.
muscular, 147, T-57, eiseq.
Nerye, in Pellagra, 300

A.tropin, 122, 144
A/TWATER, 39, 40
Auditory Nerve, Affections of, in Pel-

lagra, 300
AUER, 232, 364.
AULDE, 74, 241, 380
Autoclave, 197, 229
Autointoxication, 281
Autolysis, 114, 120, 121, 136, 186, 187,

Autolytic Poisons, 243
Avitaininosis (Terminology), 23, 24
Azoospermia in Vitamin Deficiency, 143

B, water-soluble {see also Growth-factor),
22, 136, 138, 139-142, I44-, 160,
161, 187-201, 216, 218, 222, 226,
227, 228, 230, 231, 235, 236, 239,
246, 249, 256, 262, 265, 275, 283^
292, 294, 295, 296, 298, 514., 317,
322, 333,334, 335,336

confounded "with A, 222, 226
confounded-with D, 195-196
historical, 187—191
Occurrence, 191—194.
physiological Effects, 198—201
Properties, 195-198
quantitative Estimation, 194—195

BABES, 306, 359
BABES and JONESCU, 311, 350
BAXCELLI, see Xui
BACH, 365
BACHMANN", 194, 369, 378
Bacon, 249, 280

salt, 251
Bacterial Flora of Intestine, see Flora
BAGUONI, 42, 43, 45, 313, 350, 352
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Balance, nitrogenous, etc. See Nitro-

genous, etc.
Balkan War, Scurvy during, 247
Banana Protein, 140, 176, 178
Bananas, 50-51, 54, 55, 66, 140, 182,

186,191, 224, 251, 329
BANG, 32, 286, 354, 363
JBANGNESS> see MCCLENDON
Barcelona Nuts, 224.
BARGER, 349
Barley, 46-47, 138, 176, 181, 186, 191,

223, 247, 253, 329
BARLOW, 338
BARNES and HUME, 233, 253, 255, 257,

261, 365, 369
BARR, 77, 91, 103,104, 145, 293
BARSICKOW, 119, 34.7
BARTENSTEIN, 339
Bases, see also Alkalies

Deficiency of, 53, 73, 199, 247, 268,
296, 298, 317, 318, 321, 322

Excess of, 56, 58, 64, 65, 66, 70-75,
140, 180, 182, 183, 209, 217, 241,
261, 262, 270, 321, 323

in organic combination, 90
supply of, 58

BASS, 306, 343 ; set also WELLMAN
BASSET-SMITH, 260, 377, 379, 387
BAUMANN" and HOWARD, 345, 358
BAYLISS, 78, 379
Bean Flour, boiled, 305, 314
Beans (see also Haricots, Katjang-idjo,

Leguminosae, Soy Beans), 48-49,55,
133,175, 191,196, 223, 249, 280, 328

fresh, r 06, 328
germinated, 248, 249, 328
green unripe, 252

Beef—
corned, ior
fat, 222, 225, 331
lean, 138
Suet, 236

BEESOIST, 380
Beet, Sugar, 192, 224
Beetroot, 192,224, 252,330
BEGER, see MORG-EN
BEGUN, HERRMANNT, and M^NZER, 79,352
Beha^ourof the Glands, 142-146
BEHRE, 379
BEHRINTG, 311
BENEDICT, F . G., 60, 370
BENEDICT and ROTH, 73, 351
BENEDICT, S, R., see SUG-IURA
BENINDE, 371
Benno-Schilde Company, 261
Benzoic Acid, 236
BERG, 9, 10, 11, 12, 13, 14, 15, 18, 19,

28, 41, 48, 51, 53, 58, 60, 61, 62,
65, ?o, 7i , 73, 75, 76, 84, 85, 86,
89, 90, r8 i , 34.0, 342, 345, 347, 348,
357, 364, 388 ; see also BIRKNER,
ROSE

BERG-MANN, 206, 365
Beriberi, 77, *74, 245, 254, 264, 273, 283,

292, 299, 314, 347
acute cardiac, 131
and other forms of Polyneuritis, roo-

T71 (for Details see Table of Con-
tents, Chapter Four), 333

Beriberi (continued}—
dry, 130
Etiology, 100—109,124
fulminant, 272
latent, 162
ship, 109, 279—281
wet, 130, 131, 271

Berkefeld Filter, 306
Betain, 121, 122,123
BEZSSONOFF, 383, 385
BEZZOLA, 310, 340
BIDAXJLT and COUTURIER, 119, 379
BIERICH, 246, 368
BlERRY, 38, 365 369
BlERRY and PORTIER, 78, 361
BIERRY, PORTIER, and RANDOIN1, 143,

153, 3/7
BIESTER, seeDutchex, Wheeler
BlGLAND, 279, 282, 315, 316, 371, 375
Bilberries, 215
Biogenen Amine, etc., 370
Biological Value—

of Acid-formers, the Effect of Oxida-
tion on, 94-99

of animal Proteins, 52-58
of various Proteins, 29—61, 327
of vegetable Proteins, 41-52 ; see also

Protein, Importance of
Biophor, 22
BIRKNER, 75
BIRKNER and BERG-, 347
Biscuit, 249, 252, 268, 305, 315
BISHOP, see EVANS
Bleaching of Vegetables, 211, 247, 261,

262, 278
BLENCKE, 373
BLIECK and BAJUDET, 369
Blindness, 297
BLOCH, 233, 357, 362, 383
BLOCK, 211, 212, 380
Blood—

(as Nutrient), 178
-count, 274
-pressure, 142, 144, 154, 272, 273, 285,

289, 292, 295, 297, 303, 304
Protein, 53, 178
self-reguLating Power of, 81, 83
-serum, 53, 269, 310, 311, 312

BLOOMBERGH, see CHAMBERLAIN
BLUM, 379
BLUNT and WANG, 383
BOAS, see MCCOLLUM
Body—

Temperature, see Temperature
Weight, see Weight

Body-fat, 185, 222, 223
BOGEL, see VERZAR
Boiling—

effect on. A, 219, 229
effect on. B, 196
effect on. C, 244, 249, 257-262
effect on Vitamin, 118 et seq.f 124, 125
of Vegetables, effect on Base Content,

of Vegetables -with subsequent Rejec-
tioa of Water, 73, 125, 171, 183,
217, 249, 262, 278, 283

unduly prolonged, 249, 250,^78, 283
BOLDVREFT, 358
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BONAR, see PHEMISTER
Bone, Diseases of, see Osteopathy
BONNE, see KOCK
BORDONI, see VOLPINO
BORTJTTA.N, 42, 363, 37O, 378
BORY, 375
BOSSERT, 76, 294, 371
BOSTOCK, 139, 347
BOSWORTH and BoWDITCH, 357
Bottle-feeding, {see also Breast-feeding),
•r, 2 5 5

BOTTOMLEY, 355, 356
BOUTWEIX, see STEENBOCK:
BOWDITCH, see BOSWORTH
BOWERS, see MCCLENDON-
BOYD, 41, 45, 48, 54, 58, 61, 307, 313,

316, 320, 377
BRADDON, 339
BRADDON and COOPER, 349, 350
Bradycardia, 273, 289
Brain—

as Food, 139, 193, 195, 196, 328
changes in Polyneuritis, 142, 143

BRAMMERTZ, see ABDERHALDEKT
Bran, 45, 51, 59, 111, 113, 189, 191, 200,

223, 247, 253, 328. (See also Rice
Bran.)

BRANDT, see MILLER
BRAVETTA, 315, 316, 374
Brazil Nuts, 224.
Bread, 196, 244, 249, 250, 251, 253, 278,

280, 283, 320, 328, 329
baking of, 196
white, 101,106, 124, 125, 328
wholemeal, 328

Breast-feeding, Advantages of, 206, 207,
231, 238

BREAUDAT, 103, 343
BREEST, 319, 380
Brief Experiments, see Duration
British Medical Association, 236, 317
British Navy, Antiscorbutics in, 243
BROWN, M. A , 172, 370
BROWN, W. L., 383
BRUDZINTSKI and CHELKOWSKI, 351
BRTJGSCH and KRANS, 212
BRUNTZ and SPILLMA,**, 51, 363
Bucco, 105, 378
BUCKNER, N"OLLATJ, and CASTLE, 351
BUCKNER, NOIXATJ, WILKINS, and

CASTLE, 41, 46, 366
BUELL, see STEENBOCK
Buffer Salts, 79, 81
Bulgarian Army, Scurvy in, 247
Bulimia, 299
BULL, 360
BULXEY, 232, 364, 367
BCRGER, 273, 275, 276, 277, 278, 282,

283, 284, 367, 378
Butter, 185, 187, 209, 211, 220, 221,222,

223, 224, 225, 229, 230, 233, 236,
283, 297, 320, 327, 33i, 332, 333,
335

superheated, 221, 229
Buttermilk, 232, 233, 331
Butternuts, 224
Butter-and-Flour Preparation, 298
Butyric Oil, 185, 222, 227, 228, 230
BYFIELD, 139; see also DANIELS

BYFIELD, DANTIELS, and LOUGHLIN, 196,
334> 376

C, water-soluble (antiscorbutic), 22,159
160, 210, 2ix, 217, 227, 228, 235,
242-270 (for Details see Table of
Contents, Chapter Seven), 296, 322,
333, 334, 335

Animals cannot synthetise, 253
Cabbage, 118, 119, 192, *96> X97, 224,

225, 229, 244, 251, 330
boiled, 2.57, 258, 330
dried, 224, 229, 244, 258,259, 260,330
pickled, 248, 330
white, 192, 224, 251, 257> 33°
juice, 257, 258, 261

Cabbage Water as Source of nutritive
Salts, 90

Cachexia, 300, 301,321
Cage Factor, 25
CAJORI, 50, 193, 380
Calcium, 55, 87, 88, 91, 209, 218, 241,

274
Balance, 93, 94, 103, 267, 275, 303, 318
Carbonate, 319
Chloride, 319
Deficiency of, 43, 69, 70, 71, 72, 74,

140, r8o, 181, 182, 184, 205, 209,
218, 234, 235, 237, 241, 247, 268,
282, 294, 295, 296, 298, 318, 322

Demand for during Growth, 180,181
Embryo may rob Mother of, 72
Ions and Oedema, 287-288, 293-295
Metabolism, 93, 287-288
Requirements, 62
Xerophthalmia and, 241

Calcium Salts—
injection of as Remedy for Scurvy, 269
their paradoxical Effect, 83-87
their stimulating Influence on endo-

thelial Activity, 288, 290
urinary Excretion and, 290
use in malnutritional Oedema, 277
utilisation of, 180
utilisation in various forms of Admin-

istration, 92—94
Calories (see also Energy)

deficient Supply, aggravates Scurvy,
267

deficient Supply, in relation to mal-
nutritional Oedema, 277, 281, 282

in pellagrogenic Diet, 305, 315
CAMPBELL, H. 1., see MER, SHERMAN
CAMPBELL, M. E. D., and CHICK, 363
CAMURRI, 307, 343
Cancer, 201, 216
Cancer Hospital Research Institute, 77
Canning, 125
Carbohydrate Diet—

in relation to Acidosis, 77, 78
in relation to malnutritional Oedema,

277, 282
excess of, accelerates onset of Poly-

neuritis, 118
Carbohydrates—

as Nitrogen Economisers, 39
manufactured from Proteins, 37

CARBONS and CA.ZZAMA.LLI, 308, 348
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Carbonic Acid, free, as cause of hyaline

Degeneration, 288
Carbonic-Acid Tension in Alveoli, 79, 80
Careace, 10, 14
Careace fruste, 14
Carence, Maladies de, 10, 24
Caries, dental, 209, 248, 266
CARLETTI, 307, 312, 343 ; see- also

LUCA/TELLO
CARNEIRO, 347
Carnivora, supplementary Vegetarianism

in, 58
Carolina, Pellagra in, 307
Carotin, 228
Carpopedal Spasms, 76, 294. Set also

Tetany
CARREL, 163, 164.
Carrot Juice, 211
Carrots, 50, 51, 55, 66, 92, 93, 94, 137,

176, 178, 182, 186, z8g, 192, 196,
197, 21/ , 224, 225, 244, 252, 277,
290, 330

boiled, 257, 33O
dried, 244, 258
Extract of, 252
Juice, 330

CARRUTH, sec WITHERS
CARV, 380
Casein, 34, 43, 45, 46, 48, 50, 57, 53,

54, 55-56, r.40, 178, 186, 194, 197,
221, 222, 230, 277, 332, 334

CASTILE, see BUCKNER
Catabolism, 171
Catalase, 147, 148, 158, 159, 171, 263
Cauliflower, 330
Causes and Prevention of Beriberi, 339
CAZZAMAIXI, see CARBONE
CAZZANI, 358
Celery, 330
CENTANNI arid GALASSI, 3Z3, 318, 347
Cereals, 41-47, 176, 178, 181, 183, 185,

186, 187, I91, 2O9, 2IO, 211, 217,
232, 241, 244, 252, 253, 269, 278,
296, 327, 328, 329

unsuitable Food for growing Animals,
181, 296; see also iinder specific
names, as Wheat, Maize, etc.

CESSNA, see NELSON
CHACE and MYERS, 374
CHAMBERLAIN, 342, 352
CHAMBERLAIN, BLOOMCBERGH, and KIL-

BOURNE, 102, 132, 342
CHAMBERLAIN and VEDDER, 102,120,342
CHAMBERLAIN, VEDDER, and WIILIAMS

3i6, 343
Chamberland Filter, 256
Charcoal as Roughage, 190
Cheese, 222, 331
Chemie der Zerecdien, 354
Chestnuts, 191, 329
Chicago experiences, 209
CHICK, 211, 238, 249, 372, 374, 379 ; see

also CAMPBELL, DAL\TILL, HOPKINS,
HUME

CHICK and DALYEZ,L, 176, 373, 380
CHICK and DELF, 367
CHICK and HUME, 119, 248, 315, 357,

368, 374 ; see also HUME and
" IICK

368,
CHIC

CHICK, HUME, and SKELTON-, 253, 340,
360, 361, 368

CHICK and RHODES, 361
Chicken Fat, 225
Children, Feeding of, 172 ei seq., zog-

2x2, 250
Chinin, 121, 122
Chinolinic Acid, 123
CHITTEN-DEN and UNDERHILI,, 305, 314,

357
Chlorine Ion—

effect on. Kidney, 290
paralysing Influence of, 276, 290, 293-

295
Chocolate, 252, 268
Cholesterin, 204, 221, 274

Impoverishment, 285-287, 288
Cholin, 113, 121, 144, 145, 204, 295

the natural Antagonist of Adrenalin,
295

CHRISOSTOMO, 350
CHRISTMANN, 357
CIACCIO, 371
Cinchoraeronic Acid, 123
Cinchonidin, X21
Cinchonin, 121, 122
Citrates, 246
Citric Add, see Lemons
Citrozinic Acid, 123
Citrus, 251
Civilisation, 205
CLAIR, 105, 373
CLARK, A. B., see STEPHENSON
CLARK, E., 203, 352, see VEDDER
CLATPON, see LANJE-CLAYPON
CLEMENTI, 106, 304, 354
Clover, 192, 200, 224, 252, 330, 332
Cocoanut, 50, 329

Cake, 191, 224, 329
Oil, 185, 224, 225, 331

Cocum, 329
Cod,225
Codliver Oil, 147, 185, 211, 221, 223,

225, 229, 233, 235, 236, 237, 331
phosphorated, 235

Co-enzymes, 147, 154, *55, *59, 166
COHEN, see GIVENS
COHEN and MENDEL, 246, 253, 362
Coffee, 250

Substitute, 251
COLE, see MCCLEN-DON
COLLATZ, see DUTCHER
COLLODI, 306, 341
Colloids, 198
Coma, diabetic, 79, 88
Commandeering by Foetus, see Milk,

secretion of
Complement Activity, 199

Deviation of the, 308
Formation, 311

Complettin Content of Foodstuffs, 326-
33i

Experiments, Nutrition in, 327, 333-
336

Complettin, term defined, 22
COMRIE, 248, 249, 374
Conarachin, 49
CONCEPTION, see GIBSON, GTJERRERO
Conclusion, 323-337
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Condensation, of Milk, see Milk
Conditions of growth, 172-218
Conditions requisite for Efficiency of

various kinds of Protein, 58-61
Congestion, passive, 272, 285, 293, 295
Conglutin, 48,176
CONKLIN, see MATTILL
Consequences of Insufficiency of Vita-

mins (Funk's)—
(a) clinical, 126-128
(b) pathological anatomy, 128-129
(c) the Forms of the Disease, 130-

132
Constipation, 245, 246, 279, 299 ; see

also Roughage
Consumption, 243
Contractures—

cicatricial, after Scurvy, 266
spasmodic, see Tetany

Control experiments, 60, 72, 136, 201
Cooking Salt, see Sodium Chloride
COOPER, 109, 1x7, 122, 129, 137, 346,

34-7, 348, 349, 386 ; see also
BRADDON

COOPER and FUNTK, 343
COPEMANT, 2 0 1
Copper, 67 et seq., 332
CORNALBA, 358
Cornea, IJlceration of, see Keratoma-

lacia
Corned Beef, see Beef
Cottonseed Oil, 186, 187, 224, 225, 3°5>

314, 33i
Couirs, 36r
COUTURIER, see BIDAULT
COWARD, see DRUMMOND, ZILVA
COWARD and DRUMMOND, 376, 388
COWGILL, 383, 387, 388
Cotton Seeds and Cottonseed Meal, 43,

49, 50, 107, 176, 178, 182, 185, 191,
253,329

Proteins of, 55, 182
Toxicity of Meal, 67

COWGILL and MENDEL, 388
Cox, see LEWIS
CRAMER, 145, 374, 379
CRAMER, DREW, and MOLTRAM, 387
CRAMER, and SCHIFF, 381
Cramming, 132, 143, 333
Cranberries, 70
Cream, 147, 222, 233, 297, 298, 331

University, 236
Cress, 330
CRONHEIME, 341
CROWELL, see STRONG, WILLIAMS, R. R.
Cryoscopic conditions, 289
Cucumbers, 251, 330
CULLEN, see SLVKE
CURJEL, see GREIG-
Curry, 216
CUTLER, see ROBERTSON
Cyclopoiesis, 31, 34, 156,157, 167, 262
Cynuric A.cid, 34
Cystein, 29, 30, 31, 95,168, 269
Cystin, 29, 31, 34, 47, 49, 53, 54, 56, 57,

59, 95, 96, 168, 176, 177, 180, 296,
322

CZERNTV, 298
CZERNV and KLEINSCHJIIDT, 298

D, water-soluble (antineuritic), 136, 138,
139—142, 159, 160, x6i, 162, 164,
165, 166, 170,194, 197,200,204,218,
228, 239, 262, 322, 333,334, 336

confounded with B, 195-196, 197
confounded with Funk's Vitamin, 333

DAHLE, see DUTCHER.
DALYELL, 211, 231, 235, 379
DALYELL and CHICK, 388
DALYELL and STILL, 255
DAMIANOVICH, 388, 389; see also

MATHEW
Dandelion, 244, 251, 257

dried, 244, 258
Leaves, 330

DANIELS, see BYFIELD
DANIELS, BY-FIELD and LOTJGHLIN, 366
DANIELS andLOUGHLIN, 49, 360, 375,381
DANIELS and MCCLURG, 118, 119, 365
DANIELS and NICHOLS, 49, 66, 359
DARLING, 350
Dasheens, 330
DAVEV, 384
DAVIS, D. J. , 358, 361, 3^5,388
DAVIS, M., and others, 373
DAVIS, M., and OUTHOUSE, 387
DAWSON, see SULLIVAN
Debility, 200, 231, 239, 268, 279, 299,

305
Deficiency Diseases, 24
Deficiency in Diet of Parents may affect

Offspring, 72, r74, 189, 204-207
Degeneration, hyaline, 270, 271
Degeneration, so-called, as an Outcome

of parental dietetic Errors, 174, 204-
207

DEHIO, 370
DELF, 14, 189, 229, 257, 260, 264, 364,

374, 375 ; see also CHICK
D E L F and SKELTON, 230, 259, 261, 364
DELPRAT, see ROBERTSON*
Denaturation of Food, 220,246
DEN-TON and KOHMANN, 182, 277, 282,

363
DESGREZ and BIERRY, 374
Dermatitis—

in Pellagra, 299, 300, 305, 308,309,321
in Scurvy, 266

Determinants of Growth, see Growth-
Factor

Deviation of the Complement, 308
DEVLOR, 339
DEZANI, 221, 350
DIABETES, 76, 77, 78, 79, 88, 239
Diarrhoea, 200, 283, 299, 300, 305
Diathesis, haemorrhagic,

see Haemophilia
DICK, see MCCLENDON
DlCKENSOiN, 109, 351
Diet, Analysis of its Constituents

essential, 91
Diet—ill-balanced, 126, 132, 151, 159,

232,276, 281, 282, 304, 305,315
monotonous, 221
pathogenic of malnutritional Oedema,

277, 278
peUagrogerdc, see Pellagra
remedial in Pellagra, 320-322
rigid, 126
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Dietetic Errors in Parent, their Effect

may be first noticeable in Offspring,
72, 173, 174, 175, 204-207

Dietetic Errors leading to Arrest of
Growth, 208

Dietetic Experiments, their Difficulties,
324-325

Dietetic Test, see Test
Differences between Polyneuritis and

Starvation States, 148-153
DJLfferences between water-soluble B and

water-soluble D
Difficulties attendant on dietetic Experi-

ments, 324-326
Digestion, Absorption and Assimilation

distinguished, 92
Disaminisation, 169, 170
Discussion on the present Position of

Vitamins in Clinical Medicine, 236,
317

Diuresis, 292, 294; see also Polyuria
Dizziness, 299, 3ro
DODD, 346; see also TALBOT
DONALDSON-, H. H., 365
DONALDSON, J. C, 365
DOTSCH, 339
DOUGLAS, see FUNK
DOWNS and EDDY, 389
DREIFUS, 77, 372
DREW, see CRAMER
DRIEL, 143, 375
Dripping, 185
Dropsy, see Oedema
Drugs that cause basic Deficiency, 73
DRUMMOND, 22, 44, 138, 185, 188, 189,

193, 198, 199, 200, 228, 229, 240,
247, 354, 357, 360, 366, 376, 383,
388 ; see also ANREP, COWARD,
HALLIBURTON, HOPKINS, ROSEN-
HEIM, ZlLVA

DRUWMOND and COWARD, 229, 376, 382,
DRUMMOND and FUNK, 112, 350, 361
DRUMMOND, COWARD, and WATSON, 388
DRUWMO»ND, GOLDING, ZILVA, and

COWARD, 382
DRUMMOND and WATSON
Drying of Foodstuffs, Effect on B, r gj

Effect on C, 245, 258-262
Dryness of the Cornea, see Xerophthalmia
DUB IN, see FUNK
DUB IN- and LEWI, 372
DUBOIS, 7S, 361
Ductless Glands, see Endocrine
DUFOUG-ER£, 109, 379
DUNHAM, 384
DuRANr>, 356
Duration of Experiments, 18, 35, 36, 41,

65. 72, <A 173, m , *77
D<JRCK, 128
DURHAM, 103, 155, 339
DXJRLACII, 99, 346
BUTCHER, 146, 14.8, 252, 368, 370, 387;

see also ANDERSON, FIERSON
BUTCHER and COIXATZ, 148, 362, 363
BUTCHER, ECKIXS, DAHLE, MEAD, and

SCHAEFER, 255, 382
BUTCHER, HARSH AW, and HALX, 387
BUTCHER, KENNEDY, and ECKLES, 373
BuTCHER,PiERSoar,and BIESTER, 252,377

DUTCHER and WILKINS, 388
DYKE, 361
Dysentery, 283

EARTH-NUT, 45, 49, 160, 191, 223, 329
Oil, 236, 331, 333

ECHOLS, see TANNER
ECKLES, see ANDERSON, BUTCHER,

PALMER
ECZEMA, 300; see also Dermatitis
EDDY, K. B., see DOWNS
EDDY, W. H., 138,198, 356, 357,372,384
EDDY, HEFT, STEVENSON, and JOHNSON,

386
EDDY and ROPER, 357
EDDY and STEVENSON-, 139, *4** 37i, 378
EDELSTEIN, see LANGSTEIN
EDELSTEXN1 and LANGSTEIN, 54, 365
Edcstin, 43, 4-9, 56, 98,176, 332
EDIE, see SIMPSON*
EDIE, EVANS, MOORE, SIMPSON-, and

WEBSTER, 103, 113, 344
Effect of Oxidation on biological Value

of A.cid-formers, 94-99
Effects of Punk's Vitamins, 136-139
Egg Albumin, see Ovalbumin
Egg Fat, 331
Egg Plant, 330
Eggs, 52-53, 55, 176, 192, 209, 223, 233,

255, 268 315,320, 328
are rich in P unk's Vitamins, 124
raw, 294., 5595
their Toxicity in Acidosis, 76
White, see White
Yolk, see Yolk

Egypt, Pellagra in, 316, 320
Egypt, Prison Dropsy in, 279
EHRLICH, 97, 338
ElJKMAN, IO2, 129, 148, 338, 339, 343,

348, 354, 362
EIJKMAN and HOOGENTHUVGE, 355
EIJKMAN and HULSIIOFF-POL, 363
EinflU'SS des Abbfiihens aufden Nahrweri

unserer Gemiisekost, 342
Ein-wiikung von Erdsalzen ttsw. auf

A usscneidung, and Zusammen-
setzung des Hams, 343

EISLER, 369
EKEUJF, 105, 243, 339
EL KANTARA, 316
ELIAS, 76, 360
ELLIS, N. R., see HART
ELLIS, N\ R., STEENBOCK and HART,

385
ELLIS, "W*. G., 341
Emaciation, 78, go, 98, 102, 126, 132,

134, 135,136, 137,148,149,150, *&o.
r6i, 178, 199, 208, 2x3, 230, 231,
239, 265, 267, 273, 297, 300, 305, 321

Embryo, see Germ
EMMET, 90, 373, 386, 387
EMMET and ALLEN, 367
E M M E T , G R I N D L E Y , J O S E P H , and

WILXIAMS, R. H., 348
EMMFX and JLUROS, $6, 141, 366, 367,

EMMET and MCKIM, 116, I36,"359
EMMET and STOCKHOLM, 141,^194, 378
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Ems Water, 215
Endocrine Glands, 35, 201-204, 235

239-241, 267, 292, 301, 302; see also
Glands

Endosperm of Maize—
its low nutritive Value, 314

Endosperm, Growth-factor in, 140
Endosperm, Value as Nutrient, 42, 43,

45, 46, 223, 328
Vitamin. Deficiency of, 124,125

Endothelium, secretory Activities of,
287-288, 293 ei seq

Energetics of the Muscular System, 146-
148

Energy, Diet as Source of, 179, 326, 327 ;
see also Calories

ENGSTRAND, see MCCLENDON
ENRIGHT, 316, 320, 371, 377
Enzymes (see also Co-enzymes), 166, 171,

243, 263, 264
Epilepsy and Epileptiiorm Convulsions,

76
Epipayses, Separation of, 266
Epistaxis, see Nosebleed
EFPINGER and ARNSTEIN, 345
EPPINCER and ULLMANN, 380
EPSTEIN, 361
Erdsalzarmut and Entartung, 339
Erganzungskorper, 22
ERLACHER, 385
Errors of Diet, set Dietetic Errors
Eskimos, Scurvy among, 242
ETIENNE, 86, 345
ETIEN-NE and FRITSCH, 86, 340
EULER and PETTERSSON, 384, 388
Europe, Western, Scurvy in, 249
EUSTIS, see WELLMAN
EUSTIS and SCOTT, 350
EUTONINS, 22, 137
EVANS, H. M, and BISHOP, 389
EVANS, W. H., see EDIE
EWALE, see ABDERHALDEN
EWING, see WELXS
Excelsin, 50, 176
Experimental Stations Office, 62, 336
Experiments, "brief, see Duratioa
Experiments, Control, see Control
Experiments, Duration of, see Dura-

tion
Experiments on insufficient Nurnbei of

Animals, 190
Exudation into Tissues, see Infiltration
Eve Troubles of Roumanian Children,

386
N, see EIJKMAN

FABER, 377, 381, 388
Faeces, Vitamin in, 163, 325
FAHRION, 375
TALK, 369
FALTER and QUITTNER, 358
Famine Dropsy, see Oedema, malnu-

tritional
FANDARD, see RANDOIN-FANDARD
FARGIER, 345
Fat, Intolerance of, in Milchnahrschaden,

297
Fat-soluble A, see A

Fats, 186, 187, 189, 327, 33i ; see also
Body-fat, and Storage-fat, and
specific Fats

Fats as Nitrogen Economisers, 38, 39
Fats as Tissue Builders, 37, 38
Fats, hardened, 225
Fats in Infant Feeding, 296-298
Fats, Ingestion of, in Relation to

Acidosis, 77, 78
in Relation to Malnutritional Oedema,

277, 282, 283, 286
Fats manufactured from Proteins, 37, 40
FEIGH, 273, 274, 289, 361
Fermentation in Bowel, 104, 214, 215,

245, 246, 296, 3°3, 3*3
Ferments, see Enzymes, Co-enzymes
FERRY, 382 ; see also OSBORNE
FEUILLE, 82, 364
FIBRIN, 53
FIGUEIRA, r ip, 200, 245, 255, 372
FILDES, 383
Filter Paper, 160, 190, 333, 335
FINDLAY, G. M., 340, 382, 384, 387
FINDLAY, L., see PATON
FINDLAY, L., PATON and SHARPE, 385
FINE, see MYERS
FINGERLING, 63, 97, 343
FlNKELSTJEIN, See ANDERSON
FINKS, see JOHNS
FINKS and JOHNS, 386
FISCHER, 29, 59
FISH, see HESS
Fish (see also specific Fish, e.g. Pike,

Cod), 57, 139, 327, 328
dried, 242
fresh, 248
Fat, 223, 328
lean, 328
Oil (see also Codliver Oil, etc.), 185,
n 223, 331
Roe, 328
smoked, 242

FISHBACK, see HAWK
Flat-foot, 209
FLATHER, 364
FLEMING, 388
FLETCHER, 143
Flora, intestinal, 189, 198, 234, 245, 246,

303
FLORENCE, 269, 376
Hour, 186,249, 280, 328, 329
Flour, white, 101, 106, 183, 296

"wholemeal, 280
Fluorescence, 309, 310
Fodder, 234

<ky> i94» 226
green, 194, 318
lactation and, 194, 207

Fodder Pea, 48-49
Fodder, seasonal Variations in, 225, 226,

253, 255
Fodders, natural, 192
FORBES, HALVERSON, and SCHXJLZ, 70, 84,
Forced Feeding, see Cramming
Forms of Combination of Inorganic

Substances, 88-90
Fragility of the Tissues, 270
FRANCHETTI, 374
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FRANCIS, C. K, andTROWBRiDGE, 170,341
FRANCIS, E., see LAVINDER
FRANK, A., see FREISE
FRANK, L., and SCHLOSS, 348; see also

SCHLOSS
FRANK, M., 370
FRANKEL and SCHWARZ, 114, 382
FRASER and STANTON, I IO , 132, 133,143,

155, 340, 341, 342, 345, 348, 352
Frederick the Great Orphanage, 250, 261
FREISE, 177, 264, 350, 370
FREISE, GOLDSCHMIDT, and FRANK, R.,

232, 233, 352
French Beans, 328
Fresh Nutrients, natural Craving for in

Scurvy, 268
FREUDENBERG, 349
FREUDENBERG and GYORGY, 147, 380
FREY, 82, 364
FRITSCH, see ETIENNE
FROLICH, 253, 257, 340, 344
Fruit (see also under specific Names (as

Orange, etc.), 209, 215, 217, 218,
247, 327

dried, 251, 329
fresh, 244, 246, 248, 251, 268, 269
is poor in A, 224
is rich in water-soluble B, 191
juice, 251, 256
raw, see Fruit, fresh
salt-rich, 209

Fuel, Food as, 151
FUHGE, 84, 86, 366
FUHNER, 380
FUJITANI, I l8, 34I
FULLER, see HART
FULMER, see NELSON
FULMER, NELSON, and SHERWOOD, 194,

384
FUNGI, certain, cannot synthetise A, 240,

241
FUNK, 9, 10, 12, 13, 21, 22,23, 77, 104,

n o , i n , 112, 113, 114, 116, 117,
118,120,1.21,122, 123,134,135,136,
138; *39, 142,156,159,161,181,187,
198.199, 200, 202,204, 226,239, 245,
246, 247, 264, 269, 284, 313, 314,
316, 317, 333, 336, 341,342,343,344,
346, 347, 348, 349, 350,352,353,354,
369,387: see also COOPER, DRUMMOND

FUNK and DOUGLAS, 349
FUNK and DUBIN, 373, 381, 388
FUNK, LYLE, and MCCASKEY, 52,175,356
FUNK and MACALLUM, 52. 142, 198, 221,

226, 228, 349, 352, 356
FUNK and POKLOP, 355
FUNK and SCH6NBORN, 104
Funk's Vitamins (antineuritic), see

Chapter Four, passim, 187, 188,194,
198.200, 201, 218, 220, 226, 228, 239,
245, 246, 247, 255, 264, 275, 283,
315, 3i6, 317, 325, 333i 334> 335, 33$

confounded with D, 333
FURST, 244, 245, 264, 268, 340, 343, 344
FORTH and NOBEL, 54, 381

GAERTNER, 377
GALASSI, see CENTANNI
GALMOZZI, 303, 376

GARRISON, see SILER
Gastralgia, 279, 299
Gastro-intestinal Disorder as exciting

Cause of Beriberi, 126
Gastro-intestinal Disorder—

in B Deficiency, 198
in C Deficiency, 267
in malnutritional Oedema, 274, 278

281, 283
in Mehlnahrschaden and Milchnahr-

schaden, 296-298
Gastro-intestinal Disorder in Pellagra,

299, 30°, 301, 302, 311
Gastro-intestinal Disorder in Ship Beri-

beri, 279
Gastro-intestinal Disorder in Sprue, see

Sprue
GATTI, see VIDONI
Gefahr einer an Kaliumverbindung xu

armen Ernahrungsweise und ihre
Beziehung zu Erndhrungskrankheiten,

r* 3 5 4

GEILING, 33, 359
Gelatin, 45, 46, 58, 176, 269
GELLHORN, see ABDERHALDEN
GERARD, 82, 345
Germ (of seed), biological value as

Nutrient, 42, 45, 191
A content of 223, 225,
removal of, 210, 211
rich in Funk's Vitamins, 124
WheaVsee Wheat

German Prisoners, Pellagra among, 316
Scurvy among, 248, 249

German Society for Tropical Hygiene, 280
Germinated Beans and Peas as anti-

scorbutic, 248, 249
Effect of Boiling, 258, 261
Effect of Drying, 261

Germination—
of Beans promotes their Digestibility,

48, 59
of Seeds develops antiscorbutic

Principle, 245, 255-256
GERSTENBERGER, 387
GIBSON, 347, 354
GIBSON and CONCEPCION, 348
Gigantism, 203
GIVENS, see HUNTER
GIVENS and COHEN, 227, 260, 362
GIVENS and MCCLUGAGE, 258, 239, 260,
^ 365, 372, 376, 384
GIVENS, MCCLUGAGE, and HORNE, 383
GIVENS and MACY, 384
Glands—

Behaviour of, 142-146, 153, 154, 201-
204, 218, 267, 297, 333

Glands, endocrine, see Endocrine
Glaucoma, 281
Gliadin, 45, 46, 55, 176, 3*3
Globulin, 50, 176
GLOGNER, 341, 343
Glutamic Acid, 29, 31
Glut am in, 29
Glutazin, 123
Glutelin, 43, 176
Gluten, 178, 315

Maize, 178, 315
Glutenin, 43, 45
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Glycogen, 273; see also Hyperglycaemia,

and Hypoglycaemia
Glycyl-alanin, 59
Glycocoll, 29, 31, 33
GODLEWSXI, 385
Goitre, 319
GOLDBERGER, 35O, 356, 362
GOLDBERGER, WARING, and WILLETS, 35 2
GOLDBERGER and WHEELER, 305, 316,

318, 352, 373, 376
GOLDBERGER, WHEELER, and SYDEN-

STRICKER, 315, 317, 362, 374, 377
GOLDFLAM, 3 8 1
GOLDING, see DRUMMOND, ZILVA
GOLDSCHMIDT, see FREISE
Gooseberries, 215
Gosio, 312, 350
GOXJZIEN, 345
GOY, 384
GRABER, 382
GRABLEY, 91, 369
Grain diet, exclusive, 70, 73, 74-

supplemented with, green Fodder, 182
GRALKA, see ARON
Graminivorous Birds require green Food

also, 182
Graminivorous Birds, their Young are

carnivorous, 181
Grains, see Seeds, Cereals
Grape Juice, 251, 329
Grape-fruit, 224, 329
Grapes, 329
Grass, 192, 330

dried green, 25 3
GREEN, 362; see also RICHARDSON
Green Parts of Plants contrasted with

Seeds as Nutrients, 182, 252
Green Parts of Plants as source of A, 240
Green "Vegetables, 124,133, 186,189,192,

222, 224, 227, 251, 269, 318, 330
Greenness of Vegetables and Fruits, their

Richness in C proportional to, 251
GREGERSEN, 98, 342
GREIG, 359, 361
GREIG and CURJEL, 360
GRIJNS,339, 340,343
GRIMM, see LAVINDER
GRIND LEY, see EMMET
GROSS, see STEENBOCK
GROSSER, 96, 346
Growth {see also Growth-Factor)

Arrest of, 199, 204, 208, 226, 230, 231,
239

Growth, Conditions of, 172-218, 334
Inhibition of, Effect on subsequent

growth, 207-209
Maintenance of, 179, 181, r82, 207,

222, 223
Normal, dependent on Diet, 209 et seq
Stimulation of, 200

Growth-factor {see also B, water-soluble,
and A, fat-solufcle), 138, 139, 140,
141,142,144-, 172-218, 219-222,224,
334

Tiel, :Gruel, 294, 295,296
GUAZON, see MENDOZA-GUAZON
Guanin, 121
GUERRERO and CONCEPCION, 371
GUGGENHEIM, 370

GUILLAIN, 376
Gums, scorbutic Affection of, 265, 265
GURBER, 358
GUTMAN, see HESS
GVORGY, see FREUD ENBERG

HAAN, 341
Haematemesis, 279
Haemoglobin Richness, 231, 267, 274
Haemophilia, 160, 242, 265, 266, 267, 284
Haemorrhages, see Scurvy, passim
Haemorrhagic Diathesis, see Haemophilia
Haemotoxin, 281
Hair, 200
HALL, see DUTCHER
HALLIBURTON, 221, 361, 382
HALLIBURTON and DRUMMOND, 357
HALPIN, see HART
HALVERSON, see FORBES
HAMSHIRE and HAWKER, 236, 367,
Handbuch der allgemeinen Therapie, 212
HARDEN, 383 ; see- also HOPKINS
HARDEN and ROBISON, 365, 368, 374, 388
HARDEN and ZILVA, 123, 527, 246, 256,

260, 268,357,360,363, 364, 3^6, 368,
374, 386

HARDEN, ZILVA, and STHX, 364
Hardening of Fats, 225
Haricot Beans, 48, n o , 118,119, 175,182

328
HARLEY, see JACKSON, P. G.
HARRIS, R. H., see DUTCHER
HARRIS, S., 316, 372
HARRIS, H. C , 306, 348
HARROW, 9, 12
HARSHAW, see DUTCHER
HART, C, 344, 345
HART, E. B., see ELLIS, N. A . , S T E B N -

BOCK
HART, HALPIN, and MCCOLLUM, 66, 106,

108, 357
HART, HALPIN, and STEENBOCK, 43, 44,

181, 190, 359
HART, HALPIN, STEENBOCK, and JOHNSON

0 . N., 380
HART, HALPIN, and SURE, 359
HART, HUMPHREY, and LEPKOWSKY, 381
HART and MCCOLLUM, 42, 44, 52,53, 182,

350, 353
HART, MCCOLLUM, and PULLER, 98, 340
HART, MCCOLLUM, STEENBOCK, and

HUMPHREY, 357
HART, MILLER, W. S.,andMcCoii/UM, 74,

107, 190, 354
HART and STEENBOCK, 181, 207, 368
HART, STEENBOCK, and ELLIS, N". R., 255,
„ 379, 385,
HART, STEENBOCK, and HOPPERT 373,

387
HART, STEENBOCK, and LETCHER, 42,367,

375
HART, STEENBOCK, and SMITH, D. W.,

246, 367
HARTWELL, 382, 384
HASTINGS, see SMITH, P.
Hatmaker Process, 261
HATJSMANN, 341
HAUSSLER, 154, 379
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HAWK, see SMITH, C. A.
HAWK, FISHBACK, and BERGEIM, 260, 372
HAWK, SMITH, C. A., and BERGEIM, 384,

385
HAWK, SMITH, C. A., and HOLDER, 52,

175, 366
HAWKER, see HAMSHIRE
Hay, 192, 234, 251, 255, 330
Hazel Nuts, 50, 191, 329
Headache, 299, 305
Heart, 57, 138, 193, 223, 328 : see also

Asthenia, cardiac
Heartburn, 299, 303
Heat, Effect on C, 257-262 ; see also

Boiling
prolonged moderate Heating more

destructive than fierce but brief
Heating, 258, 263

Heat Production and Heat loss, see
Temperature

HEFT, see EDDY
HEHIR, 367
HEIM, 253
HEISER, 342, 344
Hemeralopia, 279
Hemp Seeds, 49, 59, 185, 224, 232, 329
HENDERSON, see PALMER
HENDERSON and PALMER, B. W., 351
HEPBURN, 373
HERBST, 96, 237, 238, 345, 346
Herring, 193, 225

salted, 249
HERRMANN, see BEGUN
HERTER, 338
HERXHEIMER, 85, 338
HESS, 91, 236, 253, 255, 351, 353, 354,

356, 357, 362, 370, 37i, 378, 384,
387; see also PAPPENHEIMER,

HESS and FISH, 349
HESS and GUTMAN, 388
HESS and KILLIAN, 360
HESS, MCCANN, and PAPPENHEIMER, 386
HESS and UNGER, 181,186, 246,251,256,

261, 360, 362,364, 367, 368, 371,374,
376, 383, 387, 389

HESS, UNGER, and PAPPENHEIMER, 387,
389

HESS, UNGER, and SUPPLE, 71, 382
HEUBNER, 96, 352
Hickory Nut, 50, 191, 329
HIFT, 363
HIGHET, 341
HILLS, 371
HINDHEDE, 41, 51, 374, 375
HINKEL, see SCHOLZ
HINTZE, see KRUSE
HIRSCH and MORO, 362
HlRSCHFELDER, 309, 310, 345
HlRSCHSTEINT, 96, 168, 345
Histidin, 30, 31, 33, 35, 49, «5» J I 7 , 121
HOCHST, 202
HOCSON, see ARON
HOESSLIN, 369
HOFMEISTER, 112, 120, T24, 374
HOGAN, 42, 47, 53, 55, 66, 74, " 9 . x8x,
_ 356, 358, 360
HOLDER, see HAWK
HOLST, 118, 279, 3O4, 339, 340, 342, 343,

345, 36i

HOLST and FROLICH, 106, 107, 108, 244,
245, 257, 253, 268, 279, 280, 339,

„ 340, 343, 347, 356, 381
HOLSTI, 98, 341
HOLT, 60, 374.
Honey, 251, 3 31
HOOGENHUYGE, See ElJKMAN
HOOPER, see JOHNSON
HOOPER, ROBSCHEIT, and WHIPPLE, 379
HOPKINS, 54,55, 75, 80,95,101,119,137,

139, *77,184,187,194, 201,229,232,
236,238, 253, 317, 339, 344,348, 365,
371, 382, 386; see also ACKROYD

HOPKINS and CHICK, 365
HOPKINS and NEVILLE, 220, 346
HOPKINS, CHICK, DRUMMOND, HARDEN,

and MELLANBY, 368
HOPKINS, BOYD, WILLCOX, WALLIS,

ROAF, HUME, and DELF, 372
HOPPERT, see HART
HORBACZEWSKI, 305, 308, 34I
HORDEIN, 47, 176
Hormones, 154, 162, 235
HORNE, see GIVENS
Horse Fat, 331
HOWARD and INGVALDSEN, 357
HOWE, 378
HOWLAND and KRAMER, 389
HULDSCHINSKY, 376
HULSHOFF-POL, 21, 102, 107, 110, I48,

339,340, 341, 343,358, 377
HUME, 383, 384; see also CHICK, BARNES
HUME and CHICK, 101; see also CHICK

and HUME
HUME and NIRENSTEIN, 388
HUMPHREY, see HART
Hunger, see Starvation
Hunger Oedema, see Oedema, malnutri-

tional
Hungerodem, see Oedema, malnutritional
Hungerodem, Das, 372
HUNTER, see VOEGTLIN, WATSON
HUNTER, GIVENS, and LEWIS, 354
HUNTER and WATSON, C.
Husks, 191
HUSSEY, see MACKLIN
HUTCHISON, 360
Hyaline Degeneration, 270, 271, 288
Hydantoin, 121
Hydraemia, 273, 285, 288-289, 290, 291,
• 293

Hydrarthrus, 272
Hydration, 165, 167
Hydrocithin, 204
Hydrogen Concentration, 79, 80, 83
Hydrolysis, 59, 97, 114, « o , 135, 168,

170
Hydropericardium, 272
Hydroperitoneum, 272
Hydrothorax, 272
" Hyj?iea," 243
Hygiene, Nutritive, Institutes off 337
Hygiene, Tropical, German Society for,

280
Hyperglycaetnia, 104
Hyperkeratosis, 300
Hypertonicity, see Tone
Hypocarence, 14
Hypochlorhydria, 88
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Hypoglycaeinia, 74, 273, 282
Hypophysin, 202
Hypophysis, see Pituitary
Hypotbyroidisrn, 202
Hypoxantbin, 121

Iced Drinks, 216
IDE, 339, 385
Ill-balanced Diet, see Diet
Immunity, 244, 311, 312
Importance of an Excess of -Alkaline

Substances, 70-75
Importance of inorganic Constituents in

Metabolism, 40-41, 62-99; se* a^,°
Inorganic Nutrients, Inorganic
Substances

Importance of Nutrition of the Mother,
204—207

Importance of Protein, 29-61, 174-179
Importance of methods of preparing

Food, 183-184
Inanition, see Starvation
India, Famine Dropsy in, 279, 280
Indicanuria, 300,303
Infants, Feeding of, 172, ei seq., 178 255,

297; see also "breast-feeding
Infection in malnutritional Oedema, 281
Infection—

in Osteomalacia, 234
in Pellagra, 306 et seq., 314, 317
in Rickets, 237
in Scurvy, 245, ei seq.
intestinal, in Mehlnalirschaden, 296

Infections, Resistance to, see Resistance
Infiltration of the Tissues—

haemorrhagic, 285
serous, 83, 145, 285, 287, 292, 293

etseq.
Influenza, 231
INGIER, 254, 350
INGWALDSEN, see HOWARD
Inorganic Nutrients—

diet in experiments on, 332-333
lack of, causing Arrest of Growth,

208
their Importance in Metabolism,

40741, 62-99, 179-183, 184
Inorganic Substances, their Import-

ance, 62-99, the*1 mutual inter-
dependence, 90—91, 179; see also

Insomnia, 299
Instinct in the Choice of Food, 191,

268
Insufficiency of Vitamins (Funk's), Conse-

quences of, 126-132
Interdependence of the inorganic Sub-

stances, 90-91
Intestinal Flora, see Flora
Intoxication by damaged Nutrients, 281
Introductory, 17-28
Iodine, 68
Ionic Concentration, 78, 79, 83
Ionic Days, 78, 79
Ions, various, their Effect on the Kidneys,

290-292
their Effect on serous transudation,

20.0-29.5

Iron, 274
Iron as supplement to Milk Diet, 66

deficiency of, 69, 180
demand for, during Growth, 180

Iron to counteract Toxicity of Cottonseed
Meal, 67

ISENSCHMID, 379
Isolation of Vitamin, 110-116
Isoleucin, 29, 33
Isomerism, 49
Italian Views concerning Pellagra, 307-

308
Italy, Pellagra in, 307-308, 315,316, 321

JACKSON, C. M., 365
JACKSON, C. M., and STEWART, 208, 364,

372
JACKSON, L., 360
JACKSON, F. G., and HARLEV, 339
JACKSON, L., and MOODY, 356
JACKSON, L., and MOORE, 356
JANSEN, B. C. P., 365, 370
JANSEJT, B. C. P., and MASTGKOEWINOTO,

37o
JANSEN, W. H., 273, 274-, 275, 2?S, 277,

282, 36O, 372
Japan und seine Gesundheitspflege, 342
Japanese Experience of Beriberi, 100, 125
JEPHCOTT and BACHARACH, 384
JOBLING and PETERSEN, 314, 355
JOHNS, see FINKS
JOHNS and FINKS, 44, 48, 49, 373, 377,

384
JOHNS, FINKS, and PAJUL, 50, 366, 374
JOHNSON and HOOFER, 389
JONGE, 340
JtTR&Eisrs, 281, 354
Just-Hatmaker Process, 261

Kakke, see Beriberi
Kantara, 316
Kapirin, 47
KARR, 160, i6r, 381; set also LEWIS
KA.RRan.cL LEWIS, 246, 358
Katjang:idjo, 21,106, 107, n o , 135, 328
Kawashina, 221, 351
KELIAWAYT, 383
KEMPSTER, see PALMER
KENNEDY, see DUTCHER, MCCOIXUM*

PALMER
KENT, see STEENBOCK
Keratomalacia, 231-233
KERXEY and HERMAN, 375
Ketosis, So
Kidney, 223, 328
Kidney Fat, 225, 331
Kidneys, Behaviour of, in connexion

with Oedema, 289—292
KILBOTJRNX, see CHAMBERLAIN
KILLIAN, see H E S S
KIMTJRA, 368
KlTTEI^ON, 373
KLEIMTJNGER, 347
KLEINSCHMIDT, 298
KLIGLER, 364
KLOCKMANN, see LAST
KLOTZ, 372
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, IOI, 384

KNTACK, 276, 355 ; see also RUMPEL
KN-ACK and NEUMANN, 282, 358
Knee-jerks, 300, 305
KOCH, J., 366
KOCH, M\ L., and VOEGTLIN-, 355
KOCH, W., see ASCHOFF
KOCHMANN, 63
KOCK arid BONNE, 380
KOEHLER, see ABDERHALDEN
Kohlrabi, 392, 278, 283, 290, 330

intestinal Irritation due to, 278
KOHMA>*, 1277, 282, 283, 373
KONINTGER, 129 , 3 3 8
KORENCHEVSKY, 387
KOYAMA, see YANIGAWA
KRAMER, B., see HOLLAND
KRAMER, 3YL M., see SHERMAN
KRAPT, 57, 371
KRATJS, 212
KRAUSE, 261
KRAUT, 112
Kreatinuria, 74, 199, 274, 303
Kronprinz Wilhelra, 280
KRUSE and HINTZE, 373
KCLZ, 91, 365
JKUSAMA, see SHIGA

XABBE, 372, 377
Laboratory Factor, 25, 189-190
Lactalbumin, 34,35, 43, 46,49,54, 56-57,

176, 177, 178, 230, 332
Lactation, see Milk, Secretion of
Lactic Acid, 234.
Lactone, 167
Lactose, 56, 186, 288, 194, 221, 245,246
LAHMANN, 28, 63, 64, 65, 212
LAKE, see VOEGTLIN:
LANE-CLAYPON, 340
LANTGSTEIN, see EDELSTEIST
LANGSTEINaadEDELSTEIN, 185, 191,193,

361, 363
Lard, 185, 221, 223, 225, 278, 283, 331
LARNE, 344
LARSON, J . H., 378
LARSON, L. A., 203, 367
Lavage, gastric, as Cause of Acidosis, 80
LAVINDER., FRANCIS, GRIMM:, and LORENZ

306, 350
Law of the Mininum, 17, 18, 25, 27, 41,

59, 68, 91, 178, 188,200, 222,241,
314, 318, 326

Laxatives, 245, 246 ; see also Roughage
Leaf-wax, 186
LEARY and SHEIB, 359
LEAVEITWORTH, see OSBORNE
Leaves, see Green Vegetables also Seeds
LEBLANX, 378
Lecithin, 97, 155, *56, 204, 295
Lecithinophilia, 281
Lecksucht, 7o-7r
LECOQ, 58,69,138,192, 372,373
LEENT, VAIT, 339
LBERSUM, 385
LEETJWENT, see STORM VAN LEEUWEW
LEGGATE, 102, 370
LEGGET, see MCCOLLUM
LBGROUX, sec A&XJLKON

Legumin, 47-48, 175
Legmninosae, see Pulses
LEHMANST, 85, 338
Lehrbuch dcr Pathologie des Staffwechsels,

r 3 3 8

LEIMDORFER, see PORGES
LEIPZIGER, 97, 338
Lemon Cure, 77

Jiuce, 244, 249, 251, 260, 261, 330
dried, 260

Lemons, 192, 224, 243, 251,252, 269, 329
Lemons as cause of Acidosis, 77
Leatils, 138, 244, 269
LEPKOWSKY-, see HART
Lettuce, 330

white, 224
Leucin, 29, 33, 49
Leucopenia, 304
LEVA, 82, 350
LEVI, 39
LEVY, MAGNUS, see MAGNUS-LEVY
LEWIS, M. J., see DUBIN
LEWIS, H. B., 32, 50, 57, 359, 369*

377
370,

LEWIS, COX, and SIMPSON, 32, 55
LEWIS and KARR, 356
LEWIS and ROOT, 377
Lick, the 70-71
LIEBERS, 277, 373
LlEBIG, 17, 25,26
LIECHTI and RITTER, 71,382
LIECHTI and TRUNINGER, 71, 346
Life, Prolongation of, see Prolongation
Light {see also Ultraviolet), 229
Lime, see Calcium
Lime Jttice, 249, 251, 260

dried, 260
preserved, 249

Limes, 243, 251, 329
LIITD, 365
LINTOSSIER, 366, 373
Linseed, 224, 329
Unseed Oil, 147, 185, 305, 314, 331
LIMTZ, see MCCOLLUM
Lipochromes, 186,187, 226

in relation to A, 224-226
Lipoid Solvents, 286
Lipoids, 184,185, 187, 2i£, 220, 221, 22

229, 285, 294
LiPSCHtfrz, 96, 341, 364
LITTLE, 107, 346, 350
Liver, 57, r93, 223, 225, 252, 328

Pig's, Oil expressed from, 223
LLOYD, 138, 354
LOEB, 163
LOEB and NORTHROP, 141, 1^5, 356
LOEW, see EMMERICH
LOOSER, 339
Lords and Ladies, see Arum
LORENZ, see LAVINDER.
Loss of Weight, see Emaciation
LOTZSCH, see SCHEUNERT
LouGHLiN, see DANIEXS, BYFIEU>
LOVELACE, 103,105,109, 346
LtrcATELLO and CARLETCT, 312, 3421
Lucerne, 192, 224, 252, 330
L see MCARTHUR
Lin and BACCELXI, 311, 34!
LUMIERE, 194, 375, 37&, 383
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LUNIN, 184, 338
Lupines, 48, 175
LUROS, see EMMET
LUSK, 245
LUST and KLOCKMANKT, 344
LYLE, see FUNK
LYMAN" and RAYMTJND, 65, 80, 369
Lymphocytosis, 300, 304
Lysin, 29, 31, 33, 43, 45, 46, 47, 53, 56,

176, 180, 296

MAASE and ZONDEK, 282, 372
Me ARTHUR and LUCKETT, 221, 351
MACALLUM, 372
MCCANTN, A. W., 280, 363
IMCCAN-N, G. Jt.jSee HESS, PAPPENHEIMER.
IVICCARRISON-, 12, 14, 15, 104, 145, 238,

239, 273,283,292, 294, 368,371, 372,
377, 378, 379, 388

MCCASKEY, see FXJNK
MACLEAN, 344, 345
HCCLENDON, 15, 268, 375, 380, 386
HCCLENDON and BANGNESS, 388
^ T C 1 , BOWERS, and SEDGWICK,

384
H C L E N D O N and COLE, 367
MCCLEN-DON, COLE, ENGSTRAND, and

MlDDLEKAUFF, 369
MCCLEN-DON- and DICK, 384
MCCLXJGAGE, see GIVENS
MCCLXJGAGE and MENDEL, 51, 92, 362
MCCOLLUM, 54, 65, 80, 98, 138,182, 183,

205, 223, 238, 340, 350, 357, 360,
361, 369, 380; see also HART,
MCDONALD, SHIPLEY, SOU2A

MCCOLLUM and DAVIS, 44, 53, 118, 178,
i8r, 182,185, 187,190,221, 346, 350,
351, 352

MCCOLLUM and HART, 44
MCCOLLUM and KENNEDY, 353
MCCOLLUM, LINTZ, VERMILYE, LEGGET,

and BOAS, 370
MCCOLLUM and PARSONS, 73, 142, 184,

381
MCCOLLUM and PITZ, 245, 359
MCCOLLUM and SIMMONDS, 42,44, 47, 48,

57, 71, 91, n o , ir6, 137, 188, igr,
195,196, 206, 222, 232, 233, 240, 241
359, 360, 362, 371

MCCOLLUM, SIMMONDS, and PARSONS, 51,
175, 181, 182, 235, 246, 314, 316,
3*7, 320, 360,363,364, 365, 366,385,
386

MCCOLLUM, SIMMONDS, PARSONS, SHIP-
LEY and PARK, 383

MCCOLLUM, SIMMONDS, and PITZ, 42, 44,
46, 48, 175, 181, 182,190, 191, 192,
353,354,355,356,357,358

MCCOLLUM, SIMMONDS, SHIPLEY, and
PARK, 386, 387, 389

MCCOLLUM, SIMMONDS, and STEENBOCK,
35?

MCDONALD and MCCOLLUM, 194,383 385,
MCDOUGAL, 382
MACKAY, 236, 382
MCKIM, see EMMET
MACKLIN and HUSSEY, 387
MCLEOD, F. S., see SHERMAN

MCLEOD, J . W., and WYON, 385
MCNEAL, 355, 386 ; see also SILER
MACOMBER, see REYNOLDS
MACY and MENDEL, 381
MAGNXJS-LEVY, 276, 376
Magdeburg, 250
Magnesium, 180, 209, 234, 303, 3i8
MAIGNON, 38, 39, 53, 55, 57, 75, 358, 362

363, 366, 367, 368, 373, 375, 377
Maize, 42-44, 48, 52, 53, 54, 55, 58, 66,

73, 104, 107, 176, 177,178, 181,186,
191,223, 225, 234, 244, 329

"boiled, 305
Gluten, 178, 315
hulled, 106, 316
in Relation to Pellagra, 304-322
new, more toxic than stored, 310
Oil, 331

Maize Protein, Inadequacy of, 312-313
Starch {see also Maizena , 327, 331, 332
sterilised, 106, 119
wholemeal from, 106

Maize, yellow, 223, 308-310, 317, 329
Maizena, 305, 329
Maladies de Carence, 10, 24
Malaria, 76
Malignant Tumours, 188
Malnutritional Oedema, see Oedema
Malt Extract, 256
Malt Vinegar, 248, 252
Malted Grain, 191, 329
Mangelkrankheiten, 24
Mangel-wurzels, 192, 224, 330
MANGKOEWINOTO, see JANSEN
Mangoes, 329
MANN, 236
Marasmus, see Emaciatioa
MARCHOUX, IOI , 105, 376
Margarine, 185, 223, 224, 232, 331
MARIANI, 307 ; see also VOLPINO
MARINUS, 203, 367
MARKOYICI, see PORGES
MARSH, see MEIGS
MARTIN, see CHICK
MASON, 210, 370
MATHETJ, 388
MATHEXJ and DAMIANOVICH, 388
MATTEI, 380
MATTILL, 386, 387
MA TOLL and CONTKLIN, 177, 380
MAXJRER, 105, 339
MAYER, 284, 378
MEAD, see DUTCHER
MEAT, 57,61,193,196, 209, 247,269, 314,

320, 327, 328
boiled, 103,106,119, 125, 160,196, 249,

canned, 125, r.68, 249,252, 258, 280,
32B

Diet, exclusive, 74
dried, 242, 252, 334
Extract, 193, 328
Extract, Preparation of, 101
fresh, 247, 248, 252, 269, 328
frozen, 328
Juice, raw, 252
frozen, 107, 249
over-roasted, 125
pickled, 278, 283
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M E A T {conhnt4.ed)—

Protein, compared with Milk Protein,
54, 58

raw, 107
salt, 107, 27-8, 280, 283, 328
smoked, 24.2
sterilised, 125,168, 170,196
superheated., 106, 196
tinned, see mea t canned
unsuitable a s exclusive diet for growing

animal, 196
Meat-eaters, clamorous, 210
MEDES, see SMITH
Mehlnahrschaden, yy, 284, 295-297, 298

possible kdnship to malnutritional
Oedema, 284, 295

MEIGS and MA^RSH, 347
Melancholia, 76
MELLANBY, E . , r86, 187, 227, 235, 236,

365, 375 ; see also HOPKINS
MELLANBY, M. , 361
MENDEL, 39, 55, 228, 236, 352, 354*

356, 378 ; see also COHEN, COWG-ILL,
MCCLTJ C A G E , MAXy, MITCHELL,
OSBORNE, THOMPSON

MENDOZA-GUAZON, 356
Menstruation, Effect on Metabolism, 60
Mental Disorder in Pellagra, 300, 301
MER, 387
MER and CAMPBELL, 382
MER, CAMPBELL, and SHERMAN-, 383, 389
Merck, Firm, of, 99
Mesopotamia, Beriberi in, 101-102, 125,

159, 170
Scurvy in, 246, 247—248

Metabolism., Importance of inorganic
Constituents in Metabolism, 40-41

Metabolism i n growing Organism, 179
inorganic, Anomalies of, as cause of

Oedema, 287-288
Metabolism, inorganic, Anomalies of, as

Cause of Pellagra, 317-318
Metaphosphates, 169, 170
Meteorisrn, 296, 297
Methods of Preparing Food, 183-184,

277
Methoxypyrxdin, r23
Methylpyridon, 123
METSCHNIKOFF, 31
MEYSENBUG, 378
MICHEL, zoy ; see also MOREL, MOURI-

QUAND, WEIL3L
MlCHELSEN, See SWEITZER^
Microorganisms can synthetise A, 24.0
MlDDLEKATJIFF, See McCLENDON
MIDORIKAWA, see YAMIGAWA
MIGNET, see MOREL
Migraine, Acddosis and Lacfcof organically

combined Sulphur as contributory
Causes, 322

Milch-cows, Slaughter of, 210
Milchnahrsctiaden, 77, 284, 297, 298
Milk, 51, 53—57, 9O, 92, 93) 94, i33> *77,

188,192, 193, 203,209,210, 212, 220,
222,225, 233, 236,237,245, 250, 251,
252,253, 255, 257,268,297, 3O5, 308,
315, 320, 327, 33O, 331; see also
Casein a n d Lactalburnin, skirn-milk,
Buttermilk

Milk, condensed, 244,258, 331
boiled, 250, 257, 331

Milk Diet in Sprue, 215, et seq.
dilution of, in Infant Feeding, 255,297

Milk, dried, 192, 193, 197, 244, 261, 268,
33i

Drying Processes, 261
Milk, ESects of Heating, 20, 73,142, 183,

184, 187, 244, 258
Milk Fat, 225

fat-free, 221
Milk, human, 330
Milk, human, compared with Cow's, 35,

193
Milk, human, in Beriberi, 162
Milk, pasteurised, 197,258,261, 262, 297,

33i
Milk Protein, 48, 53-57, 58, 176, 177,

178, 184
Milk Protein, as only Protein for Adults,

177 ; see also Casein and Lactalbumin
Milk, protein-free, 56, 64,88, 90, 140,141,

177,186, 193, 256
Richness in Calcium, 180

Milk, Secretion of, 50, 175, 253-255
Effect of Diet upon, 206,240, 24.1

Milk, stable in quality under varying con-
ditions of maternal nutrition, 57, 71

sterilisation of, see Milk, heating
tinned, see Milk, condensed

MILLER, E. M., see PHEMISTER
MILLER, E. W., 141, 381, 388
MILLER, W. S., see HART
Millet, 47, 185, 224, 232, 329
Minimum, Law of the, see Law
MITCHELL,H.H, 3435, 36, 142,355,3&9
MITCHELL, H. S., and MENDEL, 389
Mitieilungen der Beriberikommission, 342
MIURA, see ZILVA
Mixed-organic Compounds, 96, 155,169,

170
MOCKERIDGE, 356, 376
MOGI, see YAMIGAWA.
MOLTRAM, see CRAMER
MONACO, 354
Monotonous Diet, see Diet
MOODY, see JACKSON, L.
MOORE, B., see EDIE
MOORE, J . J., 361; see also JACKSON
MtooRE and JACKSON, 356
MOREL, MOURIQUAND, MICHEL, and

THSVON, 389
MOREL, MOURIQUAND, and MIGTJET, 383
MORESCHI, 339
MORGEN and BEGER, 352
MORGULIS, 387
MORI, 339, 342
MORO, see HiRSca
MORSE, 348
Moss, Irish, 236
MOSZKOWSKI, 107, 343
MOURIQUAND, see MOREL, WEILL
MOURIQUAND and MICHEL, 246,371, 377>

383, 389
MUCKENFUSS, 364
Mucor racamosus, 308
Mulberries, 329
MCLLER, 14, 84, 212, 25O,26l,
M and BRANDT, 373
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MttNZER, see BEGUN
MURATA, 383
Murmansk, Scurvy in, 24.8, 249
Muscarin, 143, 144
Muscle ; see also Meat
Muscle, fresh, contains Abundance of

Funk's Vitamins, 124
Muscles, Condition in Beriberi and Ex-

perimental Polyneuritis, 157, et seq
Muscles, Effects of Vitamin on, 144
Muscular System, Energetics of, 146-148
Mush, 29 6
Mutton Fat, 331
Mutual Interdependence of the Inorganic

Substances, 90-91
MYERS, see CHASE, VOEGTLIN-
MYERS and FINE, 347
MYERS and VOEGTLIN, 53, 115, H7>

3.70, 375
Myositis, 128

Nahrungsntitteltheorien Uber die TJ-rsache
det Beriberi in kritischer Beleuchtung,
343

Nahrungs und Genussmittel, 347
KAKAMURA., see ONODERA
Nashville, Pellagra in, 314
NASSAU, 374
Nausea, 279
Need for State Aid in Experiments on

Nutrition, 337
NEHRING, see SETTLER
NEILL, see VOEGTLIN
NELSON, see FULMER, SXEENBOCK
NELSON and LAMB, 232, 375
NELSON, FULMER, and CESSNA, 384
Nephritis, 81,300
NEPPI, 380
NEUMANN, 276 ; see also KNACK
Neuralgia, 299, 300
Neurasthenia, 126, 281, 305, 315, 322
Neurin, 121
Neuritis, 283 ; sec also Beriberi, Poly-

neuritis
NEVILLE, see HOPKINS
Newer Knowledge of Nutrition
NICHOLLS, L., 346, 364
NICHOLLS, N. B., see DANIELS
NICOLAIDI, 346, 347
Nicotinic Acid, ir2, r i3 , 121, 122, 123
Nicotinic-Acid-Nicotine-Ester, 122
NIELSEN, see SCHMIDT-NIELSEN
NlGHriNTGALE, 316, 349
NIRENSTEIN, see HUME
NISTICO, 302, 344
Nitrogen Hunger, 275
Nitrogen, residual, 273
Nitrogen Retention, 8r, 82, 294,313
Nitrogenous Balance, 75, 81, 82,103,130,

275, 303, 314; see also Nitrogen
Retention

Nitrogen-free Diet, Effects of, 36
Nitrogenous Balance (see also Nitrogen

Retention), 267, 270, 30a
Nitrogenous Fertilisers, Excess of, pro-

duces acid Fodder, 71
Nitrogenous Residues, Retention of, see

Residues, also Nitrogen Retention

NITZESCU, 32, 43. 81, 310, 311, 313, 349,
350, 352, 364

NIXON, 275, 277, 282, 379
NOBEL, 257, 382, 386 ; see also FORTH
NOCHT, 129, 279, 280, 281, 339, 340, 358
NOLLATJ, see BUCKNER
Nomenclature, 21-24
NOORDEN, 85, 338
Norleucin, 33
NORTHROP, 208, 358, 359 ; see ulso LOEB
Nosebleed, 242, 266
NOVARO, 372, 374, 375
NOVELLA, see ALPAGO-NOVELLA, VOLPINO
Nuclein, 123
Nucleinic Acid, 121, 156
Nucleoproteins, 97, 156, 169, 171
Number of Experiments, inadequate, 325
Nut Oil, 224, 331
Nutramin, 22, 147, 195
Nutrition in Complettin Experiments,

327, 332-336
Nutritive Pills, 31
Nutritive Salts, see Salts

Yeast, see Yeast
Nuts, 50, 232, 329 ; see also under specific

names, as Walnuts, Almonds, etc,
Nycturia, 273, 290

Oatmeal, 185
Oats,46,51, 54,55,58,176,181, 191,223,

244, 247, 249, 253, 329
Observation, Period of, sec Duration of

Experiments
Occurrence of the Vitamins (Funk's),

124—126
ODAKE, see TSUZUKI
Oedema, 90, 108, 145, 160, 269

cardiac, 272, 274
causes of, 284-293
dyscrasic, 285
in Beriberi, 130, i3r, 132, 271, 272

Oedema, in Mehlnanrschaden, 296, 297,
in Scurvy, 267
malnutritional, 109, 126,133, 238—239,

271-298 (for Details see Table of
Contents, Chapter Eight)

Oedema—
passive, 27r, 272
renal, 271, ay2

Oedematogenic Diet, 285, 286, 290
Offspring affected by parental Diet, see

Dietetic Errors
OHLER, 349
Oils, 331; see also under specific Oils, as

Codliver Oil, Olive Oil, etc.
mineral, as Laxatives, 246

Olein, 185, 223, 33r
Oleomargarine, 185, 223, 331
Olive Oil, 185, 224,236,331
OLSKN-, 370
Onions, 249, 252, 330

boiled, 249
raw, 248,252

ONODERA, NAKAMURA, and TATENO, 345
Orange Juice, 139, 186, 187, 192, 197,

251, 252, 253, 260, 261, 329,
dried, 200
Peel, api
-peel oil, 331
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Oranges, 192,224, 251, 252, 329
ORGLE-R, 342, 343
Oridia, 22,112, 120
ORMEA, 339
Omithin, 29, 31
Orthophosphates, 169, 170
Orypan, 22, 143
Oryzanin, 22, 112
OSBORNE, 16, 65, 69, 88, 160, 173, 184,

186,313,327,333,357,3^
OSBORNE and LEAVENWORTH, 384
OSBORNE and IVLENDEL, 31, 32,41,42, 43,

, 44, 45, 46, 47, 48, 49, 52, 53, 55, 56,
57, 58,63,64, 65, 69, 91,96,107,119,
140,177,178,184., 188,190,191,192,
193,194, 205, 207,208, 220, 221,224,
226,228, 235,253, 256, 313, 334, 335,
342,344,34-5, 348, 349, 352,353,355,
357, 358, 360, 362, 364, 373, 3S2,383,
3S4, 385

OSBORNE, MENDEL, and FERRY-, 31, 344,
365

OSBORNE, MENDEL, FERRY, and WAKE-
MAN, 99, 347, 35r, 358, 359, 36r, 366,
367, 368

OSBORNE, MENDEL and WAKEMAN, 181,
190, 374, 375, 380

OSBORNE and WAKE MAN, 114, 117, 118,
35i, 356, 369

OSBORNE, WAKEMAJT, and FERRY, 368
Osmosis, 287, 288, 289
Osmotic Pressure, see Pressure
Osteomalacia, 58,72,86,227,233-235,239
Osteopathy, 234, 239, 265, 266, 267, 269,

270 (see also specific Bone Diseases,
as Osteomalacia, Rickets)

Osteoporosis, 58, 70, 86, 254
OTTO, 307, 339
OUTHOUSE, see DAVIS, M.
Ovalbumia (sometinies called "Egg Albu-

min, to be distinguished from the
Vitellin of the Yolk), 43, 53, I7&

Ovaries, 193
Overheating of Food, see Sterilisation

and Sterilised Food
OWEN, 379
Oxidation of A, 229, 334

C, 257,261, 262, 263, 334
Oxidation of Acid-formers, its Effect on

their •biological Value, 94-99
Oxynicotinic Acid, 122, 123
Oxyprolin, 30, 35
Oxypyridin, 123
Ozone, 229

PACINI and RUSSEL, 193, 360
PADUA, 369
Palm Oil, 331
PALMER, B. W., see HENDERSON
PALMER, B. W., and HENDERSON, 81,351,

369
PALMER, L. S., 352, 355, 368
PALMER, L. S., and ECCLES, 348
PALMER, L. S., and KEMPSTER., 187
PALMER, L. S., KENNEDY, and KEMPSTER,

385
Palmin, 185
Pancreas, 138, 193, 239

Pap, 183
PAFPENHEIMBR, see HESS, SHERMAN
PAFPENHEIMER, MCCANN, ZUCKER, and

HESS, 386
PAFPENHEIMER and MINOR, 385
Para Nuts, 50, 191, 329
Paradoxical Effect of Calcium Salts in

the Organism, 83-87
Paraesthesia, 279, 284., 299, 300
Paralysis [see also Paresis), 300 ; see also

Polyneuritis, and Beriberi, passim
Paraplegia spastic, 300
Parasitism, 240, 241
Parasympath.etic, 14.3
Parathyroid Extract, 122
Paxaxanthin, 121
Parents' Diet affecting Offspring {see

Dietetic Errors)
Paresis (see also Paralysis), 300, 316;

see also Polyneuritis, and Beriberi,
passim

PARK, see MCCOIXTJM, SHIPLEY"
PARK and HOWLAND, 389
Parsnips, 224, 330
PARSONS, 381 ; see also MCCOLLUM,

SHIPLEY-
PASCH, 388
Pasteurisation, see Milk
PATON-, 98, 338 ; see also FINDIAY
PATON-,FINDXAY, and WATSON, A. H.,363
PATON and WATSON, A. H., 383
P 7 , 3 7 , 3 4
PAUL, see JOHNS
Pea Flour, boiled, 305, 314
Pea Legurnin, 47-48
Pears, 191, 209, 329
Peas, 4S-49, 175, 244, 249, 269, 280, 328

germinated, 248, 328
green, 106
young green, 290, 328,

PECKHAM, 74, 382
Pellagra,, 34.8
Pellagra, 42, 238, 299-322 (for Details

see Table of Contents, Chapter Nine)
Pellagra and Beriberi, 316, 319

and malmitritional Oedema
and Scurvy, 319

Pellagra sine Pellagra, 300, 321
Pellagra Commission Reports (U.S.), 34-9,

351, 357,
Pellagrogenic Factors, 304-322
Pellagrogenin, 308, 311
PENAU and SIMMONTET, 387
Penicilliuin, 308
Peoicillium glaucum, 307
Pericarp [set also Sirverskin), 102, 105,

140 ; see also Bran
Period of Observation, see Duration of

Experiments
Peristalsis, 199
PERLZWEIS, 351
PfeRONNET, see WEXLL
PETERSON, see TALBOT
PETTENKOFER, 26
PETTERSSON, see EULER
PEZARD, 57, 370
Phaseolin, 48, 59, 175
Paaseolus radiatus, 21, rd7; see also

Katjang-idjo
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PHEMISTER, MILLER, E. M., and BONAR,
384

Phenolphthalein, 246
Phenyl-alanin, 29, 31, 34
PHILLIPS, see SHERMAN-
PHLORIDZINT, 122
Phosphatases, 156
Phosphates, Deficiency of, 15 5

Deficiency of, as Caiise of Pellagra, 317
Excess of, 295

Phosphates, organic, 169, 170, 171
Phosphatic Metabolism, 84-87,91, 96-99,

156, 180
Phosphorus, 179, 234, 235, 274
Phosphorus Balance, 81, 102, 103, 156,

267,275,303,318
Phosphorus Compounds in Food, 95

{see also Phosphatic Metalbolism)
Phosphorus—

organic Compounds of, 155
organic Compounds cannot be reduced

by Anirnal Organism, 97
Photodynamism, 313
Photophobia, 300
Phytin, 155, 156
Pica, 70-71
PIERSON, see DUTCHER
PIERSON and DUTCHER, 371
Pig Fat, 331
Pike, 138
Pilocarpin, 122, 143, 144
Pine Kernels, 50, 191, 329
Pituitary Body, 143, H4, *45, *93> 201,

202, 203, 273
Pirz, 245, 253, 360, 363 ; see also

MCCOIXUM
Plankton,. 98
PLANT, 199, 381
Plants, vegetative (green) portions vs.

storage portions (roots and tubers)
as Sources of Funk's Vitamins, 124
as Sources of C, 252

Plasmon, 336
PJLUMMER, R. H. A., 9, 12, 257, 376
PLIMMER, VIOLET, 9, 12
Plums, 191, 329
POKXOP, see FUNK
POL, see HULSHOFF-POL
POLLINI, see PRETI
Polyneuritis [see also Beriberi), 77, 101-

171, 292, 305
Etiology, 100-109
Experimental, of Birds, 174
Gallinarurn, 106

Polyuria, 273, 290, 291
POOLE, see RIVERS
POPIELSKI, 203, 382
PORCHER, 374
PORGES, LEIMDORFER, and MARKOVICI,

79, 342, 347
Pork, salt, 249
Porridge, 296
PORTER, 377
PORTIER, 143, 153, 154, 365, 374; see

also BIERRY
PORTIER and RANDOIN, 163,197, 368, 372
Potassium, 209, 233, 296, 298, 318, 322

Balance, 102, 303
Ions and Oedema, 294,295; see also Ions

Potassium Salts, stimulating Influence
of, 82, 290, 293-295

"urinary Excretion and, 290
Potato Protein, 175, 176
Potato Starch, 160, 332, 333
Potato Water as Source of Nutritive

Salts, 90
Potato-control, 210
Potatoes, 51, 58, 66, 124, 182, 186, 192,

209, 215,217,224, 227, 232, 244, 248,
249, 257, 278, 280, 283, 318, 330

baked, 259
boiled, 124,196,249, 252, 257, 258, 259,

330
dried, 197, 244, 258, 259, 260, 280, 330
raw, 248, 252, 258, 330
sweet, 192, 224, 330 A „_

POVITSKV, see WILLIAMS, A.. W.
POWERS, see SHIPLEY
Precipitin, 308, 311, 3*2

Preserved Foods and Scurvy, 243
Pressure, osmotic, 89, 288, 289, 291, 293,

294
PRETI and POLLINI, 342, 344
Prison Dropsy, 279, 280

identical with malnutritional Oedema,
280

PRITCHARD, 368
Problems of Complettin Research, imme-

diate, 336
Procreation, Capacity for, affected by

Errors in Diet, 72, 173, *74
Proletarische Kind, Das, r 4
Prolin, 30, 31, 33,49
Prolongation of Life, 208
Properties of Funk's Vitamins, 116-124
Proteid vs. non-proteid Substances as

Nutrients, 37—40
Protein Diet, an exclusive, is toxic, 38,

in relation to Acidosis, 76
Importance of, 29-61, 172, i74-*79

Protein Insufficiency and Inadequacy
causing Arrest of Growth, 208, 321
general Results of, 321
in Relation to Malnutritional Oedema,

277,282
in Relation to Pellagra, 315-318, 320,

321
Protein Insufficiency and Inadequacy in

Relation to Scurvy, 246
minimal daily Requirement, 61

Protein Requirements -vary at different
Ages, 60

Protein-calorie Doctrine, 326
Protein-free Milk, see Milk
Proteins, biological Value of, 29-61

conditions requisite for Efficiency of
various kinds, 56-61

Proteins, inadequate, several, can com-
pensate one another's deficiencies,
244

Proteins, only a moderate amount
requisite, 40

over-estimation of their importance in
diet, 172, 174, 175, 178

Proteins, specific, see under source (as
Maize, Rice, etc.), and under
specific names (as Zein, Casein, etc.)
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Psilosis, see Sprue
Psoriasis, 76
Psychical Influences in Experiments on

Nutrition, 325
Psychosis, War, 281
Public must be enlightened regarding the

neyv Science of Dietetics, 337
Pulse, infrequent, see Bradycardia
Pumpkin Seeds, 49, 50, 176

Sauash, 330
Pulses, 48-4.9,182,186,191, 223, 269,315,

320, 328
proteins of, 175 ; see also under specific

names, as Haricot Beans, Fodder
Pea, Katjang-idjo, etc.

Purin, r2i
Purpura, 265, 266, 269

kaemorrhagica, 269
simplex, 269

PTOTTER, 98, 340
PurziG, 377
Pylorus, Stricture of, 80
Pyrexia, 266; see also Temperature
Pyrimidin, 122
Pyrophosphates, 169, 170

QUITTNER, see FALTA

Rachitis, see Rickets
Radishes, 330
Radium, 120, 142, 198, 353
RAIMONO, 146, 350, 351
RAMSDEN, 228, 230, 361
RANTDOIN-F.AISRDARJ>,$££ BLEHRY, PORTIER
Rape-seed Oil, 185
Raspberries, 329
Ratios of nutritive Substances in Diet,

37-4O
RAUBITSCHEK, 309, 312, 313, 342, 346,

•O 3 5 3 T>

RA\T, see ROBERTSON
RAVMUND, sec LYMANT
READ, see SURE
REED, 376
Recherches swy le rdle des %raisses dans

Vutilis&Hon, des cdburnoides, 368
REICHE, 298, 375
Relationship of proteid to non-proteid

nutritive Substances, 37-40
RENSHAW, 383
Report on the present State of Knowledge

concerning accessory Food Factors, 10
Reserve Alkalinity, 79, 80
Residues, Retention of, 44, 45, 82; see

also Nitrogen Retention
Resistance to infective Agents, 199, 230,

231, 239, 267, 317
Respiration, internal, 144, 145, 146, 147,

158
Respiratory Quotient, 104, 146
Retention of Nitrogen, etc., see Nitrogen,

etc.
Retinitis, 300
REVNOLDS and MACOMBER, 387
Rhagades, 300
RHODES, see CHICK
Rhubarb, 330

Rice, 41-42,100, 139, 159,176,178, 181,
186, 216, 249

Bran, i n , 113, 118,133, 134,135, 137,
139, 156

damaged, 105
hulled, r06, 107, 125
Halls, 121
Husks, 112
polished, ior, 102, 104, 105, ro6, 107,

ii2 f 125, 132,135,136,137,139, 155,
159, 171, 192,196,305

polishings, n o , n r , 143 (see also
Silyerskin)

sterilised, 119
unhulled, 106, 119, 141, 155
Vitamin, 122

RICH, 379
RICHARDSON and GREEN-, 50, 55, 178,

182, 354, 358, 359
RlCHET, 366
RlCHTER, 346
Rickets, 233, 234, 235-238,239, 242, 250,

254, 265, 284
RlESELL, 85, 338
Ring Compounds, Deficiency of, 176
Ring-closing, see Cyclopoiesis
Ripening diminishes C Richness of

Fruits and Vegetables, 251, 255
RIOTER, see LIECHTI
RIVERS, 386
RIVERS and POOLE, 387
ROAF, 302, 377
ROBB, 378
ROBERTS, 307, 320, 370
ROBERTSON, 355
ROBERTSON and CUTLER, 355
ROBERTSON and DELPRAT, 359
ROBERTSON and RAY, 60, 145, 190, 195,

202, 203, 204,325,326, 353, 365, 366,
375, 381

ROBISON, 365 ; see also HA.RDEN
Robots, 15
ROBSCHEIT, see HOOPER
Rodents, specially susceptible to Acidosis,

108
susceptibility to Scurvy, 268

ROGOZINSKI, 99, 341
R6HMANN, 22, 23 , 63, 6 9 , I I Q , 235, *46 ,

313, 339, 353, 354 •
ROIXY, 345
Romberg's Symptom, 300
ROMMEL and VEDDER, 107, 352
JRONDONI, 309, 310, 312, 342, 345> 348,
^ 365
ROOT, see LEWIS
Root Crops, see Roots and Tubers
Roots and Tubers, 182,186, 224, 225, 252,

330
ROPER, see Eddy
ROSE, 92,93, 94, 3/1, 373> 389, o £
ROSE, 18, 58, 6r, 62, 71, 72, 75, 84, 86,

205, 206, 276,291, 339, 343, 35i, 358
ROSE and BERG, 363
ROSENAU, 389
ROSEN BAUM, 381
ROSENBERG, see SALLER
ROSEKHEIM, 356
ROSENHEIM and DRXJMMOND, 225, 226,

375
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Rossi, 362
ROTH, see BENEDICT
ROTHSTEIN-, 83, 276, 364, 371
Roughage, 160, 190, 327, 333
ROUSE, see SHERMAN
ROY, see SHORTEN
RUBNER, 17, 19, 26, 51
RUHL, 316, 352
RttHLE, 14
Rumania, Pellagra in, 304
Rummelsburg Orphanage, 250, 261
RUMPEL, 354.
RUMPEL and KNACK, 279, 352, 356
RUSSEL, see PACINI
Russia, Scurvy in, 248, 249
RUTHERFORD, 383
Rye, 45-46, 47, 59, 175, 176, 223

Salad, 248, 252, 269
Salads, see Vinegar
SALEEBY, 364 ; see also WILLIAMS, R. R.
Salivary Secretion in Scurvy, 267
Salivation, 299
SALLE and ROSENBERG, 370
Salmon, preserved, 193
Salmon, Spawning of, 98
Salonica Front, Scurvy at, 249
Salt Mixtures—

Aron's, 6Sy 336
McCoUum's, 65,183
Osbome's, 65-66, 180, 183, 327, 333
Osbome and Mendel's, 64, 65
Rohmann's, 63, 64.

Salt, Table, see Sodium Chloride
Salts (see also Alkalies and Bases), 40-41,

43, 5i, 57, 241
Buffer, 79, 81
Deficiency of, 233, 250, 268
Deficiency of in maternal Diet, 207

Salts, inorganic, in Maize, 43
in Milk, 206
in Relation to Scurvy, 268
in Relation to Sprue, 217
in Relation to urinary Excretion, 290-

292
Salts, nutritive, 17,18, 181

natural, 90
supply of a Sufficiency of, 62-67,

184
Salts, Retention of, 294
SAMELSON, M., 105, 379
SAMELSON, S., see ARON
Sand as Roughage, 190
SANTOS, 387
SAUERKRAUT, 330
SAWAZAKI, 105, 346
SAWYER, BAUMANN, and STEVENS, 359
SCALA, 69, 382; see also ALESSAUDRINI
Scalding of Vegetables, 210, 211
SCHABAD, 340
SCHAEFER, See DUTCHER
SCHAEFFER, 364
SCHAMELHOUT, 377
SCHATTKE, See SCHEUNTERT
SCHAUMANN, 19, IO3, I06, IO7, 113, I r7>

118,120, 121, 129,133,134,135, 136,
143, 155, 156, 157, 170,280, 339, 340,
341, 342, 343, 344, 345, 347, 349

SCHEARER, 356
SCHETELIG, 85, 338
SCHETTLER, See SOLLMAN
SCHEUNERT, 234, 373
SCHEUNERT, SCHATTKE,and L6TZSCH, 334
SCHIFF, 343, see CRAMER
SCHIPFMANN", see ABDERHALDEN
Schilde Company, see Benno-Schilde
SCHITTENHELM and ScHLECHr, 273, 275,

276, 277, 284, 367
SCHLECHT, See SCHITTENTHELM
SCHLESINGER, 283, 371, 376
SCHLOSS, 96, 237, 238, 340, 341, 342, 344»

346, 348, 349, 353, 356 ; see also
FRANK

SCHLOSS and FRANK, 348
SCHMIDT, see ABDERHALDEN
SCHMIDT-NIELSEN, 243,339
SCHMORL, 350
SCHN\TDER, 349
SCHOLZ and HINKEL, 83, 349
SCHONTBORN, St& FUNK
SCHUBERT, 339
SCHULZ, see FORBES
SCHWARTZ, 376
SCHWARZ, see FRANKEL
SCHWEIZER, 384, 388
Science of Eating, 363
Sclerotinia cinerea, 240
Scorbutogenics, 244, 249, 251:, 254, 255,

256, 258, 267, 268, 269
Scofbutus, see Scurvy
SCOTT, see Eustis, WELLMAN
Scurvy, Past and Present, 370
Scurvy, 106, 108,109, 126, 133, 211, 218,

236, 242-270 (for Details see Table
of Contents, Chapter Seven), 272,278
279, 280, 283, 299

infantile, 254, 255, 258, 265, 269, 297
Sea Voyages and Scurvy, 243
Seal Meat, fresh, as antiscorbutic in

Polar Exploration, 252
SEAMAN, 379
Se"borrhoic Dermatitis, 76
Secretion, 144
Sedgwick, see MCCLENDON
Seed Protein, 178, 180
Seeds, 1S5,191, 223, 252, 253, 255, 256
Seeds deficient in inorganic Nutrients,

182,183
Seeds, see Cereals, also under specific

names, as Cotton Seeds, Hemp Seeds,
etc.

Seeds and Leaves contrasted as regards
inorganic contents, 70 et seq.

as regards A content, 22 4
preparation of, as Food, 107

Seeds are rich in Funk's Vitamins, 124
SEGAWA, 102, 134, 347, 349
SEIDELL, 113, 355, 357, 383, 386, 387 ;

see also WILLIAMS, R. R.
SEOWE, 373
SELL, see STEENBOCK
Serin, 29, 31
Serological Constants, 231, 267

Relations in Pellagra, 312
Serum as Remedy for Purpura, 269
Serum Albumin, 164

Pressure, 285
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SHA»RPE, see FIND LA. Y
SHA.W, 76, 80, 374, 377
SHEIB, see LEARY
SHERMAN, 42, 54, 61, 326, 370, 372, 386;

see also MER.
SHERMAN, MCLEOD, F. S., and KRAMER,

37i
SHERMAN, MER, and CAMPBELL, 383, 387
SHERMAN and SMITH, L. H., 14, 326, 389
SHERMAN and PAPPENHEIMERJ 385, 388
SHERMAN, ROUSE, ALLEN, and WOODS,

385
SHERMAN, WHEELER, and YATES, 42,

4-4, 361
SHERMAN and WINTERS, 42, 44, 362
SHERMAN, WINTERS, and PHILLIPS, 46,

368
SHERWOOD, sec FULNER
SHIBAYAMA, 341, 345
SHIGA and KTJSAMA, 342
SHIMAMURA, see TOUZUKI
Ship Berberi, see Beriberi
SHIPLEY, zee MCCOLLUM
SHIPLEY, MCCOLLUM, and SIMMONDS,

389
SHIPLEY PARK, MCCOIXUM, SIMMONDS,

and PARK, 383, 386
SHIPLEY, PARK, POWERS, MXCOLLUM,

and SIMMONDS, 388
SHORTEN and ROY, 385
SILER, GARRISON, and MCNEAL, 306, 314,

348, 349,351,354,357
Silicates in Pellagra, 318
Silicates, soluble, are they essential?

68 et seq.
Silicic Acid in Pellagra, 318-319
SiTverskin {see also Pericarp, also Rice

Polishings), 102, no', 111
SIMMONDS, see MCCOLLUM, SHIPLEY
SIMON, 368
SIMONNET, 159, 160, 161, 333, 381 ; see

also PENAXJ
Simpler Natural Bases, The, 349
SIMPSON, G. E., see EDIE, LEWIS
SIMPSON, G. E., and EDIE, 342
SIMPSON, K , 104, 376
SIMPSON, S., 203, 377
Sitacoid, 22
SKELTON, see CHICK, D E L *
Skim-milk, 186, 193,222, 232, 233, 33*
Skin, 200
SLATOR, 363
Skorbut, Der, 368
Sleeplessness, see Insomnia
SLYKE, see WHIPPLE
SLYXE, CULLEN, and STILLMAN, 79> 80,

35i, 352
SMITH, A. HE., 363, 365
SMITH, C A., see HAWK
SMITH, C. A., BERGEIM, and HAWK, 388
SMITH, D. W., see HART
SMITH, E., and MEDES, 388
SMITH, F., and HASTINGS, 109, 346
SMITH, H., 281, 353
SMITH, L. H., see SHERMAN
SMITH, ~L. ML, and LEWIS, 359
SMITH, P. W\, see BASSET-SMITH
SMITH, X , 338
Smoking, see Tobacco

Sodium, 233, 241
Bicarbonate in Treatment of Scurvy,

269
Chloride, 274, 287-288

Sodium Chloride, Craving for, 276
excessive use as Seasoning, 290, 294,

.321
Sodium Chloride, Excretion of, 276, 291

Metabolism, 275-276, 287
Retention of, 276

Sodium Chloride, storage of, 81, 82
Sodium, Deficiency of, in Cereals, 296

in diluted Milk, 298
Sodium Ions and Oedema, 287-288, 293-

295
Sodium Salts, paralysing Influence of, 82,

275, 276,287-288, 293-295
urinary Excretion and, 290-292

SOLLMANN, SCHETTLER, and WETZEL, 381
Soup, 250

Powders, 278
Tablets, 278

Sourness of Soil, effect on Plants as
Nutrients, 71

South Carolina, Pellagra in, 307
SOUZA and MCCOLLUM, 380
Soxhlet Apparatus, 184
Soy Beans, 49, 59, 66, 118, 119,176,186,

191,192,223, 253,328
Spartanburg, Pellagra in, 307
Spasm, tonic and clonic in Pellagra, 300
Spasmodic ASections, 76, 160, 235 ; see

also under specific Names, as Carpo-
pedal Spasms, Epilepsy, etc.

Spasmophilia, 284, 294, 295
Spastic Paraplegia, 300
SPIIVLMAN, see BRTJNTZ
Spinach, 5r, 92, 192, 200, 209, 217, 224,

225, 251, 252, 330, 332, 335
boiled, 249, 330
dried, 330
raw, 211, 330

Spleen, 328
SPRAWSON, roo, 101, 378
Sprue, 212—218

clinical Picture, 212-213
Etiology, 215-218
pathological Anatomy, 213—214
Prognosis, 214
Treatment, 215

Stall-feeding, 194
STAMPERS, 382, 387
Standard Diets for Experimental Work,

327, 332-336
STANLEY, see TROWBRIDGE
STANTON, A. T., see FRASER
STANTON, E. E., see SULLIVAN1

Starch, 221, 277, 33*, 335
{see also special Starches, as Potato

Starch, etc.)
STARK, 355
Starvation, r59, 161, 162, i6<3, 282 309
Starvation States, 171
Starvation States and Polyneuritis, 148-

153
State Aid needed in Experiments on

Nutrition, 337
Steaming of Vegeta"bles, 210, 211 ; see

also Bleaching .
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Stearin, 185, 223, 331
STEENBOCK, 357, 360, 362, 367 ; see also

ELLIS, N. R., HART
STEENBOCK, BOTJTWELL, GROSS, and SELL,

223, 228, 371
STEENBOCK, BOTJTWELL, and KENT, 225,

229, 362
STEENBOCK, BOTJTWELL, SELL, and GROSS,

372, 375
STEENBOCK, GROSS, and SELL, 192, 224,

369, 372
STEENBOCK and HART, 346
STEENBOCK, KENT and GROSS, 47, 362
STEENBOCK, NELSON and HART, 74, 80

35O, 388
STEENBOCK, SELL, and BUELL, 385
STEENBOCK, SELL, and BOUTWELL, 386
STEFANSSON, 361, 364
STEINACH, 28
STEINITZ, 97, 338
STEPHENSON, 382
STEPHENSON and CLARK, A. B., 379
STEPP, 138, 184, 219, 220, 221, 226, 227,

229, 231, 340, 342, 345, 347, 35O,
354, 366

Sterilisation, destroys Vitamins, 101
Sterilised (superheated) Food, 197

(see also under specific foodstuffs, as
Meat, Milk, etc.)

Sterilisation, Effect on Vitamin, 119,
etseq., 125

of Meat, see Meat
of Milk, see Milk

Sterilised Food ia Dietetic Experiments,
189, 198

Sterins, 226
STERN, 379
STERNBERG 349, 350
STEVEN'S, see SAWYER.
STEVEN-SON-, A. G., 380
STEVEN-SON, H. C, see EDDY
STEWART, 201,361, 371 ; see also JACKSON
STILL, 236 ; see also HARDEN, 2ILVA
STILLMAN, see SLYKE
Stock-fish, 193
STOCKHOLM, see EMMET
Stomach, Lavage of, as Cause of Acidosis,

80
Stomatitis, 266
Storage, Effect on C content of anti-

scorbutics, 253, 257, 261, 262
Storage Fat, 185, 223

Tissues, 192
STORM VAN LEEUWEN and VERZAR, 385
Strangury, 291
STRAUSS, 85, 338
Straw, 251
Strawberries, 215
STRONG and CROWELL, 105,135,344
Strychnine, 121
Studies in Deficiency Disease, 12
SUAREZ, 304, 309, 353
Suet, 236, 331
Sugar, 186, 236, 246, 24.9, 268,296, 331
Sugar Beet, see Beet
SUGTURA, 114, 137
SUGIURA and BENEDICT, 50, 140, 142,

191,198,363,369
SULLIVAN, 373 ; sec also VOEGTLIN

SULLIVAN and JONES, 373
SULLIVAN and VOEGTLIN, 353,
SULLIVAN and STANTON, 378
SULLIVAN and DAWSON, 384
SULLIVAN, STANTON, and DAWSON 386
Sulphates, excess of, 295
Sulphur, 56, 95, 96, 179, 269, 303

Balance, 81
Lack of, 269
Neutral, of Urine, 95
Organically combined 333
Organically combined, Deficiency of,

296, 303, 322
Sulphuretted Hydrogen, 168
Sulphhydril Group, 168
Sunflower Seeds, 59
Superheating (120° C.) for three Hours

destroys all Antiscorbutics, 258
SUFPLEE, see HESS
Supply of a Sufficiency of Nutritive

Salts, 62-67
Suprarenal, see Adrenal
SURE, 33, 56, 32% 380
SURE and READ, 382
SUZUKI, seeTsvzyKt
Sweden, Scurvy in, 242, 250, 251
Swedes, 192, 330
Sweetness of varieties of Citrus, their

richness in C proportional to, 251
Sweetstuffs, 327
SWEITZER and MICHELSON, 76, 374
SWOBODA, 381
SYDENSTRICKER, 352; see also GOLD-

BERGER
Synthetic Powers of Animal Organism,

165 et seq., 253
Syrup, 236

Tahle Salt, see Sodium Chloride
TAKAKI, 338, 339
TALBOT, DODD, and PETERSON, 346
Tamarinds, 330
TANJI, 146, 362
TANNER and ECHOLS, 386
Tares h6re"ditaires, 15
TASAWA, 103, 348
TATENO, see 0 NOD ERA
Tea, 2r6, 249
Teeth, carious, 209, 248, 265
Teeth, loosened in Scurvy, 266
TELFER, 383
Temperature, Body, 146, 148^53, 154*

273, 308, 3ro ; see also Pyrexia
Tennessee, Pellagra in, 314
TERAUCHI, 341
TEREG, 96
TEREG and ARNOLD, 338
Terminology, see Nomenclature
TERREIN, 173, 378
TERROINE, 39, 366
Test, Dietetic, 173
Testicles, 193
Tetany, 80, 235, 296 ; see also Carpo-

pedal Spasms
Tethelin, 145, 202, 203
Tetraoxypyridin, r23
THEVON, see MOREL
THJOTTA, 386
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THJOTTA and AVERY, 388, 389
THOLIN, 388
THOMAS, 51 ; see also RUBNER
THOMPSON1 and MENDIL, 208, 361
Thymin, 121
Thymo-nucleinic Acid, 121
Thymus, 193, 223
Thyroid, 193, 273
Thyroid Extract, 122
Thyroidectomy, 203
Timothy Grass, 192, 224, 252, 330
TIRABOSCHI, 307, 340
Tissue Builders (see also Amino-acids),

18, 47, 164, 208
TIZZONI, 307, 342, 343
Tobacco, 216
TOBLER, 364
Tomatoes, 192, 196, 224, 251, 329

dried, 260
Tone, arterial, 294

muscular, 284, 294, 296, 301
nervous, 2 95
tissue, 297, 298

Tonsillar Hypertrophy, 209
Tonilin, 22
TOTANI, 58, 357
TOWLES, see VOEGTLIW
Town-dwellers, Scurvy among, 242, 243
Toxaenaia, 245, 272
Toxins in Maize, 307 d seq.
TOZER, 383, 386
Tremor, 300
Trichoderma lignorum, 308
Trigonellin, 122, 123
Tricxypyridin, 123
Tropical Hygiene, German Society for,

280
TROWBRIDGE, see FRANCIS
TROWBRIDGE and STANLEY, 170, 341
TRTJtf INGER, See. LlECHTI
Tryptophan, 30, 31, 32, 34, 43> 45, 46, 47,

49»53,54,56, X031 176
TSCHIRSCH, 37O
TSIRSCH, I 5 6
TSXJZXJKI, 340, 348
TSUZXJKI and SHIMAMXJRA, H I , 341
TSTJZTJKI, SHIMAMURA, and ODAKE, 112,

118, 344
Tubers, see Roots
TULLIS, see ALBERTOUI
Tumours, 188, 193, 201, 216
Turkish Prisoners, Pellagra among, 316,

320
Turnip Juice, 260
Turnips, 192,197, 224, 227, 252, 330

"boiled, 258
Turnover, basic, 60, 73
Turnover, increased, in growing Or-

ganism, 179
Twitching, 300
Typhoid Bacilli and Growth-factor, 193
Typhus pellagrosus, 301, 321
Tyrosin, 30, 31, 32, 34-, 5&> *7tf

t)ler kiitistliche Erndkrung undVUaminr,

UHLMANTN, 78, 143, 144, 358, 362, 378
T J N , see EPPIKGER

Ultraviolet Light, 120, 229, 264
UMBER, 389
UMMES, 309, 310, 345
UNDERBILL, 73,356; see also CHITTENDEN
UNGER, see HESS
United States Lead in dietetic Experi-

ments, 323
United States, Investigations regarding

t Nutrition, 172
United States, Investigations regarding

Etiology of Pellagra, 306, 307
United States, Pellagra in, 305, 306, 307,
r T . 313-315, 320-321
University Cream, 236
Uracil, I2r
URBEANU, 72, 102, 205, 304, 310, 318,

320, 321,338,354
Unc Acid, 121
Urine in Beriberi, 130, 131
Utilisation ; see also Assimilation.
Utilisation of Calcium in various forms

of Administration, 92—94

Valin, 29, 33, 49
VALIARDI, 307, 342
Variety in Diet, 47, 176, 177,191, 221 ;

see also Diet
YEDDER, 102, 109, 134, 136, 345, 354,

356, 361; see also CHAMBERLAIN,
ROMMEL

YEDDER and CLARK, E., 129, 135, 157,

"VEDDER and "WILLIAMS, 113, 135, 346,

Vegetable Juice, fresh, 212
Yegetable Meat, 50
Vegetables, 327
Vegetables as ultimate Source of A,

240
Vegetables, "bleached, see Bleaching,

dried, 197, 230, 257, 261, 262, 278
fresh, 189, 209, 243, 244, 246, 247, 24S,

250, 251, 262, 269, 278
green, see G-reen Vegetables
Fa Sprue, 215, 217
Preparation of, see Boiling
preserved, 247, 280, 281
Steaming, Scalding, and Bleaching of,

210, sri, 278
Vegetarianism, 37, 73, 290
VERMILZE, see MCCOLLUM
Vertigo, 300
VERZAR, see STORM VAN LEEUWBN
VERZAR and BSGEL, 142, 239. 380
Vichy Water, 215
VIDONI, see GATTI
VIDONI and GATTI, 342
Viennese Institute for Mothers and

Nurselings, 25a
Viennese University Clinic, 250
Vignin, 48-49. *75
Viaegar, 248, 252
Vinegar as Cause of Acidosis, 77
VISWALHTGAM:, 361, 371
Vitamin Manual, The, 384
Vitammes, Essential Food Factors, 9
Vitamins, xo
ViUmms, Th*> 14, 389
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Vitamins and the Choice of Food, g
Vitamine, ihre Bedeutung filr die JPhysio-

logie und Pathologie, etc., 350
Vitamin., Funk's see Funk's Vitamins
Vitamin, term, defined, 21 et seq.
Vitamin and Vi.tain.ias, passim ; but see

also Funk's Vitamins
Vitamine, Die, yy
Vitellin, 52, 176
V N , 116, n g , 157, 319, 350, 354,

355> 379 ; see also KOCH, MYERS,
SULLIVAN

and LAKE, 364.
N-, LAKE, and MVERS, 363

VtEGTLiN1 and MYERS, 144, 363, 366, 367
VtEG-TLiN, NEILL, and HUNTER., 370
VtEG-TLiNr and TOWLES, 135, 346
VtEGTLiN- and WHITE, 117, 356
VtE&TLiN and HARRIS, 370
VtEG-TLiN, SULLIVAN, and MYERS, 375
V*GT, 250,372
VfIT, 26, 102
VtLPiNO, 3O7, 310, 311, 312, 348, 349
VtLPiNO and BORDONI, 312, 352
V BORDONI, and ALP AGO-NO-

VELLA, 343
PiNO, MARIANI, BORDONI, and AL-
PAGO-NOVELLA, 343

WAELE, 277, 278, 377
WAKEMAN, set OSBORNE
WALLIS, 10I, 360
WALSHE, 360, 370
Walnuts, 50, 191, 224, 329
WANG, see BLUNT
Wai Psychosis, 281
WARING, see GOLDBERGER
Wartime Feeding, 431, 271

as cause of malnutritional Oedema, 278
Wartime Feeding of Children in Germany

and German Austria, 210-212
Wartime Feeding of U.S. Soldiers in

Trenches, 268
WASON, 385
Wasting, see Emaciation
Watercress, 330
WATERS, 340
Water-soluble B, see B

C, see C
D, seel)

WATSON, A. F., see DRTJMMOND
WATSON, A. H., see PATON
WATSON, C, and HUNTER, 339
Wax, 186
Weakness, see Debility
WEBSTBR, see EDIE
Weight, Body, see Emaciation

Arrest of Increase, 297, 298, 321
Weight, Increase of, 173, 200
Weight, Loss of, see Emaciation

Maintenance of, 175-176, 178,179,188,
199, 208, 222, 231

WEILL and MOURIQUAN-D, 106, 107, 119,

137, 251, 353, 354, 357, 358, 359,
361, 362, 363, 365

WEILL, MOURIQUAND, and MICHEL, 353
WEILL, MOURIO,UANE>, and BERONNET,

361

WEISER, 108, 234, 345, 348
Weisser Hirsch, 211
WELLMAN, BASS, and EUSTIS, 344
"WELLMAN, EUSTIS, and SCOTT, 346
WELLMANN and EUSTIS, 104
WELLS, A. H., 364, 383
WELLS, H. G., 386
WELLS, C. A., and EWING, 355
WELTMANN, 381
WERTHEIMER, see ABDERHALDEN
WERTHEIMEER and WOLF, 386
WETZEL, see SOLLMAHN
Whale Oil, 225, 331
Whalers, Scurvy among, 243
Wheat, 44-4-5, 52, 54,55, 58, 59> 108, 140,

176, 181, r86, 191, 200,223, 253, 305,
314, 315, 328, 329

Germ, 119,140,176, 181,186,191, 223,
225, 327, 328, 332

Wheatmeal, 192, 328
WHEELER, A. G., see G-OLDBERGER
WHEELER, L., see SHERMAN
WHEELER, R., 346,352
WHEELER, R., and BIESTER, 349
Whey, 186
WHIPPLE, B. K., 141, 192,196, 381
WHIPPLE, G. H., see HOOPER
WHIPPI-E, G. H., and VAN SLYKE, 751 361
WHITE, see VOEGTLIN
White Flour and White Bread, see Flour

and Bread respectively
White of Egg, 53, 55, ro3, 328 ; see also

Ovalbiimin
Wholemeal, 280, 328
WlELAlSD, 344.
" Wiener klinische Wochenschrift," 286
WILBUR, see ANDERSON
WILLAMAN, 240, 372
WlLLCOX, IOI, 125, 144, 24.6, 247, 248,

253, 354, 358, 371
WlLLETS, See GOLDBERGER
WILLIAMS, A. W.} and POVITZKY, 385
WILLIAMS, LEONARD, 12
WILLIAMS, R. H., see EMMET
WILLIAMS, R. J., 194, 368, 375, 384
WILLIAMS, R. R., 122, 123, 353, 354,

355, 358, 387; see CHAMBERLAIN,
VEDDER

WILLIAMS, R. R., and CROWELI,, 351
WILLIAMS, R. E.., and JOHNSTON, 351
WILLIAMS, R. R., and SALEEBY, 351
WILLIAMS, R, R , and SEIDELL, xi4, 118,
XXT "«*» 136, 356
WILSON, 387
WILTSHIRE, 249, 363, 381
WINFIELD, 361
WINTERS, see SHERMAN
WINTZ, 52, 175,355
WITHERS and CARRUTH, 359
WOLF, see WERTHEIMER
WOLLMAN, 366, 369
Wool-eating, 70-71
WRIGHT, 339
WITTH, 366
WYON, see MCLEOD, J. W.

X Acid, 21, n o
Xan thiii, 121
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Xanthophyll, 228
Xerophthalmia, 227, 231-233, 240, 241,

254, 297
YAMIGAWA, KOYAMA, MIDORIKAWA, and

MOGI, 105, 345

YATES, see SHERMAN
Yeast, 36, 50, 52,113, 114,115, 119,120,

121,134., 135,136,137,13S, 139,140,
141,186,187,193,194,195, 197,255,
3O5, 331

nutritive, 174, 175
Protein, 1:75
Vitamin, 122

Yeast-nucleinic add, 121, 156
Yeasts can synthetise A, 240
Yolk of Egg, 53,138, 178, 220, 221, 222,

225, 295, 328 ; see also Vitellin
Yolkless Eggs, owing to Calcium De-

ficieac7 in Fowls' Diet, 72

ZADIK, 97, 33 8
ZAMBRZYCKI, 283, 376
Zein, 43, 59, 176, 311, 312, 313
Zeism, 316
" Zentralblatt fur Biochemie und Bio-

physik," 284
Zeochin, 308-310, 313, 321
Zetror, 261
ZILVA, 120, 199, 224, 227, 229, 264, 367,

376, 382, 384 ; see also DRUMMOND,
HARDEN

ZILVA and MITJRA, 384, 386, 389
ZILVA and STILL, 376
ZILVA and WELLS, F, M., 366
ZILVA, GOLDING, DRUMMOND, and

COWARD, 386
Zinc, 67 et seq., 332
ZOETHOUT, 82, 366
ZONDEK, see MAASE
ZXINTZ, 72, 80, 205, 2O6, 365, 370
ZUNZ, 376


